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FigureTI-1 Danish Institute for Study Abroad Furniture Design workshop. Drawing and sketching at full scale. 
Photography: courtesy Erik Skoven, DIS.
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Preface

ALVAR AALTO (1898–1976), Charles Rennie Mackintosh (1868–1928), and Frank Lloyd 
Wright (1867–1959) were architects who integrated custom furnishings into their buildings 
and interior spaces (Figure P-1). Interior designers such as Eileen Gray (1878–1976), 
Yoshiharu Hatano (b. 1946), Eva Maddox (b. 1944) and Andrée Putnam (b. 1925) are 
renowned for their skill in blending textures and furnishings with interior space. Henry 
Dreyfuss (1904–1972) and Bill Stumpf (1936–2006) were industrial designers who utilized 
industrial manufacturing processes in their furniture designs. Woodworkers and artisans 
such as Wendell Castle (b. 1932), Sam Maloof (1916–2009), George Nakashima (1905–1990), 
and Pierluigi Ghianda (b. 1926) worked throughout their lives to create furniture with 
remarkable handcraft and fi nish (Figure P-2). Charles (1907–1978) and Ray (1912–1988) 
Eames, Poul Kjærholm (1929–1980), Pierre Paulin (1927–2009), Charlotte Perriand (1903–1999), 
Gatano Pesce (b. 1939), and Hans J. Wegner (1914–2007) developed professional careers 
designing furniture. Regardless of their academic background or professional affi liation, 
these individuals are renowned for innovative furniture designs (Figure P-3). Consider the 
viewpoints brought to furniture design by these individuals and the unique disciplinary 
qualities within the fi elds of art, architecture, interior design, and industrial design. There 
are pronounced differences in the way architects and interior designers create a sense of 
place by designing, selecting, and locating furniture; in the way industrial designers seek to 
resolve industrial fabrication processes and integrate utility, human factors, and ergonomics 
in design; and in the way that artists are trained in their craft. Many individuals and disci-
plines to contribute to the body of knowledge of furniture design.

Figure P-1 Experiments with bent and laminated wood—furniture components for the Paimio Sanatorium and the library 
in Viipuri, Finland. Designed by Alvar Aalto. Photography by Jim Postell, 2006.
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Think about the infl uence that material properties, use, applied forces, the surrounding 
environment, and ergonomics have on furniture design. Refl ect upon the historical, cultural, 
political, and societal conditions revealed in the way people sit, rest, work, and play, or the 
human factors research and anthropometric data on which furniture designers rely. Many 
factors should be considered when designing furniture. Most are situated within personal, 
cultural, disciplinary, and professional frames of reference.

This second-edition textbook is written to serve students and fur-
niture designers as a comprehensive survey and resource to give a 
deeper understanding and provide knowledge and inspiration for 
designing and making furniture. It has been rewritten to deliver a 
more extensive overview of furniture design through further docu-
mentation and analysis, with focus upon the stories and design 
intentions behind the furniture examples presented in this book. 
There are broader examples of furniture presented throughout the 
book, in-depth material specifi cations, and updated material cover-
ing digital design and fabrication technologies. The primary intention 
of this book is to articulate how ideas, use, design process, materials, 
and fabrication methods contribute to furniture design. This was a 
central theme in the fi rst edition. This edition attempts to be more 
effective in achieving that goal.

Revisions have been made to each of the 10 chapters, which include:

 � Chapter 1, “Introduction to Furniture Design,” presents an 
expanded overview to the discipline and introduces threads of 
disciplinary-centered research and research methods. Basic 
relationships are outlined between furniture and design, set-
ting the stage for a comprehensive and extensive survey.

 � Chapter 2, “Function and Social Use,” describes social-use 
categories, notions of utility, ergonomics, and function.

 � Chapter 3, “Form, Spatial Organization, and Typological 
Orders,” addresses a range of physical, compositional, and 
spatial characteristics in furniture design.

Figure P-2 Three-seat settee, 
designed and fabricated by 
Wendell Castle (1968). 
Stacked-laminated, carved 
cherry wood. Photography 

by Jim Postell, 2011.

Figure P-3 Stacked Tongue 577 chairs, designed by Pierre 
Paulin (1967), tubular steel armature surrounded with rubber 
webbing and expanded foam, upholstered in polyester stretch 
fabric. Manufactured by Artifort. 33½ inches wide; 35½ 
inches deep; 24 inches high; 133/8 inches seat height 
(85 cm wide; 90 cm deep; 61 cm high; 34 cm seat 
height). Photography by Jim Postell, 2011.
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 � Chapter 4, “Furniture Case Studies,” presents 25 furniture studies organized in 
chronological order with new sustainable and digital design updates. In addition to 
the case studies, selected furniture projects by students highlight unique ways of 
thinking about furniture design, whose pedagogy and methodology were drawn 
from this book.

 � Chapter 5, “Furniture Design Theory,” examines the nature of furniture design, 
focusing on aspects of comfort, performance, structural integrity and composition, 
how furniture works and feels, green design, and digital fabrication, and includes 
expanded discussion on human factors, ergonomics, and aesthetics.

 � Chapter 6, “Design,” presents an overview of design principles and focuses on the 
phases, processes, tools, skills, and ethics of designing furniture. This edition intro-
duces more designers, further examples of furniture pieces, and more specifi c 
working methods of design—including digital design technologies.

 � Chapter 7, “Materials,” outlines an updated palette of natural, composite, and 
synthetic materials and discusses material properties and surface characteristics 
relative to furniture design.

 � Chapter 8, “Processes and Methods of Fabrication,” discusses ways of fabricating 
furniture (beyond woodworking technologies), with an overview of hand, power, 
and digital tools.

 � Chapter 9, “Professional Practice and Marketing,” covers professional aspects 
related to the marketing, branding, and business of designing, making, and selling 
furniture. Furniture companies are included as both a source and resource for the 
reader. Expanded content is given to economic forces, global markets, professional 
outlets, and venues, in which the public and the discipline interact.

 � Chapter 10, “Historical Overview,” highlights how societies have thought about, 
designed, fabricated, and used furniture from ancient Egypt up to the present. 
Revised content has been added to include recent furniture designs produced or 
fabricated within the past 10 years.

Designing furniture relies upon judgment, theory, and technical knowledge from several 
professions and disciplines. The breadth and depth of knowledge necessary to design, 
specify, select, fabricate, and arrange furniture in space is extensive. This book draws on this 
knowledge and, in doing so, reaches out to students, faculty, the general public, and profes-
sionals in allied fi elds of design.

It remains a challenge for some individuals to acknowledge furniture design as a stand-
alone profession or even as a vocation because it is intertwined with several disciplines. It is 
diffi cult to formulate a collective dialogue about furniture design because each discipline 
approaches design and fabrication from unique perspectives and each perspective is teth-
ered to specifi c assumptions, frameworks, and agendas.

Look back to the time when interior design was an emerging fi eld and consider its his-
torical beginnings. One can determine that interior design developed from several fi elds, the 
work of key individuals, unique professional practices, and established academic programs. 
The fi elds of architecture, design, fi ne arts, and the decorative arts, in conjunction with the 
professional practices of James Adam (1732–1794) and Robert Adam (1728–92), Elsie de 
Wolfe (1856–1950), and Florence Knoll (b. 1917) would deserve recognition for their con-
tribution to the emergence of interior design as a discipline and emerging profession.

In the 1950s, the discipline of industrial design began to emerge. The work of Norman 
Bel Geddes (1893–1958) and Raymond Loewy (1893–1986) helped to promote interest 
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in the discipline, as did emerging industrial fabrication processes and new mass customiza-
tion and digital fabrication technologies.

It is important to acknowledge the collective infl uence architects, interior designers, 
industrial designers, and fi ne artists have had on the disciplinary and academic stature of 
furniture design, but one should also consider the important roles that entrepreneurs, fab-
ricators, craftspeople, engineers, human factor researchers, and the general public have 
played as well.

It is the author’s hope that this book will remain a useful survey for students and faculty, 
and continue to serve as a resource for designers and fabricators interested in furniture 
design.

fpref.indd   xvifpref.indd   xvi 12/09/12   10:04 PM12/09/12   10:04 PM



   xvii

Acknowledgments

MANY INDIVIDUALS CONTRIBUTED to the fi rst edition of this book. To those who took time to 
discuss and comment on the manuscript drafts, contribute drawings or photographs, pro-
vide information, resources, ideas, and encouragement, I am sincerely grateful.

For the past 25 years, I have taught in the School of Architecture and Interior Design 
within the College of Design, Architecture, Art, and Planning at the University of Cincinnati. 
DAAP is composed of many design disciplines and has a long history of cooperative practice 
providing students with professional internships in fi rms across the country and around the 
world. DAAP provides a design-centered, collaborative environment. To those students 
who have participated in my furniture design seminar at the university and in taking the 
course, have documented and analyzed, or designed and fabricated working prototypes of 
furniture, you have been a continued source of inspiration, knowledge, and joy for me as 
an educator.

The numerous visits to galleries and museums that have furniture among their collec-
tions, here in the States and abroad, have been a signifi cant resource for research. I am 
grateful to the Mingei International Museum in San Diego; the Metropolitan Museum of 
Art and MOMA in New York; the Cincinnati Art Museum; the Pompidou Center, Musée 
d’Arts Décoratifs, Musée du Louvre, and Musée D’Orsay in Paris; the Victoria and Albert 
Museum in London, and the Designmuseum Danmark in Copenhagen. The collective expe-
riences viewing and studying furniture in a museum setting have contributed to a broader, 
research-based perspective about furniture and design.

Furniture showrooms, design centers, and international furniture fairs continue to be 
important venues where one can see, touch, sit, meet with the owner or manager of a 
furniture company, and discuss what sells and learn why. Among the hundreds of show-
rooms visited over the past 20 years, Paustian in Copenhagen, M2L in NYC, the San 
Francisco Design Center, the Merchandise Mart in Chicago, Voltage in Cincinnati, Cassina’s 
showroom in Milan, and Kartell’s showroom in Helsinki are among the best. Furniture fairs 
including, Highpoint, NC, ICFF in New York, the Salone del Mobile di Milano, and NEOCON 
in Chicago are all important events to see and visit for anyone interested in furniture design. 
They continue to be an invaluable resource of contemporary furniture design, and the 
peripheral design-centered receptions, parties, and openings are excellent opportunities for 
those in the industry, designers, and clients to interact.

Designing and making furniture over the past 30 years has yielded for me an inner sense 
of assurance on the subject. I am fortunate to have had the opportunity to design over 400 
individual furniture pieces for architectural and interior commissions.

Meeting and getting to know those who design furniture is invaluable.  I am grateful to 
have known many furniture designers, including Erling Christoffersen, professor at DIS; 
Boris Berlin, co-owner of KOMPLOT Design, and Troels Grum-Schwensen in Copenhagen; 

flast.indd   xviiflast.indd   xvii 10/09/12   11:09 PM10/09/12   11:09 PM



xviii   Acknowledgments

Yoshiharu Hatano in Castelleto Ticino (Italy); Mario Bellini, Achille Castiglioni, and Ettore 
Sottsass, all of whom have had offi ces in Milan; and Emiliano Godoy of GODOYLAB in 
Mexico City.

To those who have written about furniture design, I am particularly indebted, especially 
to Mark Hinchman, Anne Massey, John Pile, David Pye, and Edward Lucie Smith.

To those companies that make furniture, including, B & B Italia, Cassina, Vitra, Giogetti, 
Fritz Hansen, Rud Rasmussen, and to those individuals who craft furniture, including Pierluigi 
Ghianda, Mario Terraneo, Soren Holst Pedersen of PP Mobler Design, and the late George 
Nakashima, you and your work have been sources of inspiration.

To the readers of Furniture Design, it is a special satisfaction for me to introduce this 
second edition. I hope this book complements those books in the classroom and on your 
shelves and continues to inspire students and designers in their quest to better understand 
the comprehensive and extensive nature of designing and making furniture.

I thank Paul Drougas, acquisitions editor at John Wiley & Sons, for the opportunity and 
encouragement to write a second edition of this book. This edition has provided an oppor-
tunity to make changes both substantial and marginal in response to suggestions from 
students, teachers, and designers who use the book.

Shortly after John Pile agreed to write the foreword for the fi rst edition of this book, he 
passed away. His books on the subjects of modern furniture and interior design are marked 
by their balance of technical information and thoughtful insight about design, supported 
by great images. John had a remarkable career as a teacher, author, and practitioner—
always with focus on design. He contributed signifi cantly to the study of furniture design 
and interior design and was infl uential in the development of this book. He was a source 
of inspiration, a mentor, and a supporter for the book. I wish to dedicate this edition in 
his honor.

flast.indd   xviiiflast.indd   xviii 10/09/12   11:09 PM10/09/12   11:09 PM



   xix

Foreword

FEW OBJECTS CARRY with them the historical and technical heritage of furniture. A chair is 
not only an object for seating but also a fl ag-bearer for the cultural specifi cities of the soci-
ety where it was made and used. Furthermore, the magic of furniture is that, through daily 
use, social context is infl uenced in an ongoing and evolving two-way dialogue.

Given the fact that basically everyone is in constant contact with a wide variety of fur-
niture pieces on a daily basis, it is very strange that designing furniture is not the core theme 
of several undergraduate and postgraduate programs. One would think that after thou-
sands of years of making, using, repurposing, and disposing of furniture we would have a 
comprehensive and structured understanding of the lifecycle of these objects. But this is not 
the case. Furniture is designed by architects, industrial designers, craftsmen, or engineers 
who learned little about it in school and most of it working with the industry, studying on 
their own or by good old trial and error.

That was my case. While in my BA I had one amazing design studio with Óscar Hagerman 
that centered on furniture design and seating ergonomics—but that was it. Even in my 
ergonomics and materials courses, furniture was merely a footnote. After graduation, I had 
no option but to improvise. Truth be told, I improvised a lot—and in many areas—as my 
undergraduate degree in industrial design was as broad in scope as any, therefore only 
scratching the surface of everything I should’ve learned to become an expert in any fi eld of 
design. That’s how it is, and one could say fortunately, as one of the great qualities of an 
industrial designer is being a generalist. If we wanted to be an expert in every fi eld an indus-
trial designer might work in, we would need decades of training.

However, something’s different about furniture design. With such objects as computers, 
medical equipment, transportation, or even lighting, the designer is but one of many experts 
in a team where each discipline collaborates on the realization of the product. Furniture 
designers, however, usually work by themselves and only sometimes at the fi nal stages of 
the process do engineers or manufacturers get involved in migrating the design to the pro-
duction fl oor. Therefore, the designer nowadays needs a very particular combination of 
knowledge in aesthetics, ergonomics, manufacturing processes, materials, fi nishes, market-
ing, and cost analysis, to name a few areas.

After my BA and fi ve years of working independently, I enrolled in a postgraduate degree 
program, where I had a fantastic furniture design course with Mark Goetz and another one 
in Denmark with Flemming Steen Jensen, Erling Christoffersen, and Bjorli Lundin. These 
hands-on courses were magnifi cent in advancing my understanding of what furniture 
design and manufacturing was all about. A few years later, I started a furniture brand aimed 
at creating an environmentally and socially responsible manufacturing platform where 
designers could learn, discuss, and create furniture that was green, useful, and beautiful. In 
this context, I frequently encountered designers who were lacking in one area or another, 
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thus proposing pieces that were not feasible in technical or economic terms, or who were 
not aware of historical and formal references they are expected to know.

Furniture design is indeed a demanding discipline, and acquiring the necessary knowl-
edge is not an easy task.

Jim Postell has compiled in this book a powerful tool for both students and professionals 
that addresses all aspects of furniture design, from materials, fabrication, and functionality 
to history, theory, and professional practice. Most importantly, it relates these issues to the 
design process, thus bridging the gap between the isolated knowledge of specialized 
courses and the real-world necessities of the furniture designer. With this extended second 
edition, the author brings us closer to the understanding of this fascinating discipline 
and the role and responsibilities of the designer in their social sphere.

Emiliano Godoy
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Foreword to the First Edition

THE FIELD OF furniture design is strangely diverse. It does not have a well-established defi ni-
tion and is not regularly studied in colleges or universities.

It is also odd to remember that most of the world’s population does not make use of 
furniture except, perhaps, for a few stools or benches. Western civilization, however, begin-
ning thousands of years ago, has become addicted to the use of furniture of the most varied 
sort. In the modern world, we are in touch with furniture at almost every moment. We sit 
in chairs, work and eat at tables, sleep in beds, and are hardly ever out of sight of a number 
of furniture items, for better or for worse.

Furniture is now produced and distributed for homes, for offi ces, for schools, for hospi-
tals, and for every other situation in which people are to be found. In spite of this near glut 
of furniture, the sources of the designs that are so ubiquitous are obscure. Most furniture 
now comes from factories, but the designs factories produce are generally anonymous, the 
work of staff that exists mostly to develop variations on earlier designs whose origins 
are lost.

There are, of course, some exceptions. Most historic furniture can be traced to cabinet-
makers such as Chippendale and Sheraton or to architect-designers such as the Adam 
brothers, but these are rare exceptions mostly to be found only in museums and auction 
galleries. In the modern world, we know the names of the designers of those special cre-
ations we call classic: Eames, Breuer, Mies van der Rohe, Bertoia, Rietveld, and Le Corbusier. 
If we look into the backgrounds of these famous fi gures, we fi nd that they were not trained 
to be furniture designers. They were architects, sculptors, or, in some instances, industrial 
or interior designers. When they turned to furniture, they had to rely on their background 
knowledge of structure, materials, human body mechanics, and the many other issues that 
relate to successful furniture design.

Design history is full of examples of many efforts by distinguished designers that have 
fallen by the wayside, while a few highly successful designs have come from unexpected 
sources—one thinks of the Rowland stacking chair, the Pollack offi ce chair, or the Noguchi 
coffee table. Efforts to establish some form of training for designers who wish to work on 
furniture have not met with much success. A brief course in furniture design is offered in 
some interior and industrial design programs, but architectural training is too demanding 
to include even limited exposure to the fi eld. Some schools with major programs in furniture 
design are oriented toward craft techniques and train master woodworkers who produce a 
single, one-of-a-kind effort demonstrating craftsmanship but offering little to the broader 
world of furniture. In the end, it must be admitted that furniture design is generally self-
taught, whether the learner is also a craftsperson, architect, sculptor, or layman.

To turn at last to this book, we fi nd an author determined to give aid to the would-be 
furniture designer, whatever professional background or lack of professionalism that person 
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may have. In this one volume, we can confront issues of function, materials, structure, 
production techniques, and whatever philosophical and theoretical matters may have a 
bearing upon the realities of furniture.

Although many books deal with furniture (as this book’s bibliography can attest), most 
are histories, picture books, or studies for collectors. Very few even touch on furniture 
design as a process, a skill, or a matter for serious study. Here we have a book determined 
to make up for the furniture design shortage. It is hard to imagine a more complete and 
comprehensive coverage of this neglected subject brought up-to-date with such 
tireless effort!

John Pile
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1

DICTIONARY AND ENCYCLOPEDIC sources use words like accessories, equipment, and movable 
objects to defi ne furniture.1 Words can describe the performance and physical characteris-
tics of furniture, but those who design, make, and use furniture know that furniture design 
extends far beyond dictionary or encyclopedic defi nition. Furniture design concepts lead to 
the production of useful items that result in tactile experiences (Figure 1.1). In nearly every 
case, furniture is something people experience through direct human engagement. In addition, 
one’s understanding and knowledge of furniture evolves with use and over time.

Designing furniture relies on intuition, judgment, design skills, engineering principles, 
and knowledge in a broad range of disciplines helpful with problem solving. Designing 
furniture requires inspiration, a concept or idea, and the commitment to give pleasure to 
those who use it.

The inevitable shift from designing furniture to fabricating furniture generates an appre-
ciation for both the obvious and subtle ways in which making can infl uence the design 
process. Through the process of making furniture, one will learn about hand, power, and 
digital tools, material properties and working methods, assembly processes, and the time 
required to fi nish a project. Fabricating furniture demands precise skill and workmanship 
and often results in a sense of craft for those directly involved in the process. Making furni-
ture does not necessarily guarantee an ability to design furniture, but it will result in an 
expanded knowledge of materials, tools, and joinery, which in turn generates a broader 
appreciation and respect for furniture design.

Furniture design is deeply rooted in the human condition. It is a social science that 
belongs to the humanities, an applied art that draws upon many design disciplines, and is 
dependent upon a working knowledge of materials and fabrication techniques. It is a holis-
tic and interdisciplinary fi eld of study.

Introduction 
to Furniture Design

1
c h a p t e r
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2   Introduction to Furniture Design 

Before delving into the nature of furniture design, consider the terms furniture and 
design and refl ect upon the fundamental and symbiotic relationships bound in the meaning 
and etymology of these two words.

FURNITURE

furniture
• noun 1. the movable articles that are used to make a room or building suitable for living or 

working in, such as tables, chairs, or desks. 2. the small accessories or fi ttings that are 
required for a particular task or function: door furniture.2

By many accounts, furniture includes a broad range of moveable objects organized in 
four main categories:

 � Human body support devices (Figures 1.2 and 1.3)
 � Surfaces and objects to support various activities (Figures 1.4 and 1.5)
 � Storage and display pieces (Figures 1.6 and 1.7)
 � Spatial partitions3 (Figures 1.8 and 1.9)

Furniture pieces are designed and fabricated to assist in the many ways people sit and rest, 
work and play, organize or display items, and partition space. This view suggests a broad utili-
tarian framework, in which function is perceived to be the primary intended purpose of 
 furniture. Although function, utility, and social use are important aspects of the perfor-
mance of furniture, rarely does function alone inspire great design. Furniture design draws 
upon ideas of beauty, principles of design, theory, material properties, fabrication technologies, 
business economies, environmental design matters, and the surrounding spatial context in 
which it is placed, all of which are integral and intertwined with function, utility, and social use. 
Considerations that infl uence what we think about and feel regarding furniture design include:

 � Aesthetics (the meaning of form)
 � Historical precedent (examples from the past)
 � Principles of design (i.e., unity, harmony, hierarchy, spatial order)

Figure 1.1 The Knit chair in use. Designed by Emiliano 
Godoy (2004). This chair was awarded a Bronze Leaf at 
the International Furniture Design Competition Asahikawa 
2005 in Asahikawa, Japan. Photography courtesy of 

John Curry, GODOYLAB, 2005.
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 � Function and social use (ergonomics, comfort, proxemics)
 � Design processes (sketching, iterative overlays, model studies, digital modeling, 
full-scale working prototypes, collage assemblies)

 � Material (classifi cation, characteristics, properties, availability, cost)
 � Fabrication processes (hand, power, digital)
 � Environmental design matters (sustainability, renewable materials, off-gassing)
 � Surrounding context (the spatial setting for furniture)
 � Professional practice (economic, legal, and business decisions)

A goal in designing furniture is to consider all design aspects in a comprehensive and 
integrated manner, while maintaining focus and critical engagement upon the primary 
concepts and ideas that inspire design.

Figure 1.2 Reclining with the chaise longue at Villa 
Savoye, Poissy, France. Photography by Stephan 

Dober, 2011.

Figure 1.3 Plan side and front views of chaise longue (known as LC/4) designed by Charlotte Perriand, Pierre Jeanneret, 
and Charles-Édouard Jeanneret (Le Corbusier) (1928–1929). Originally manufactured in chrome-plated steel, fabric, and 
leather by Thonet Frères, Paris, then by Cassina, Italy since 1965. 22¼ inches wide; 63 inches deep; 28¾ high (56.5 cm 
wide; 60 cm deep; 73 cm high). Drawing by Ashley Hermann, 2006, courtesy of Jim Postell.
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Figure 1.4 Outside café tables and chairs, Paris, France. 
Photography copyright © William A. Yokel, 2005.

Figure 1.5 Drawing table, designed by Robert Mallet-Stevens (1927) 
for professional use in his Paris offi ce. Made with tubular metal, poplar 
wood, and hard lacquer paint. Photography by Jim Postell, 2011.

Figure 1.6 Case goods (cabinet and bookcase) designed by Mogens Koch, 
fabricated by Rud. Rasmussen (since 1932), Copenhagen, Denmark. Photography 

courtesy of Rud. Rasmussen, Denmark, 2006.

Figure 1.7 Cabinet, designed by Ettore Sottsass (1948–1949). Made with 
lacquered wood and brass-plated tubular steel. Photography by Jim 

Postell, 2011.

Utilitarian considerations can channel the development and refi nement of design ideas 
but rarely inspire them. Utility is grounded by specifi c categories of social use, associated 
with the broader classifi cations of building and zoning nomenclature. In this book, catego-
ries of social use include:
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Figure 1.8 Furniture as space–space as furniture. Dupont Corian exhibit, 
designed by SOM, 2005. Photography by Brian F. Davies, 2004.

Figure 1.9 Living Sculpture in nine components, designed by Verner Panton 
(1970–1971). Made using mass-polyethylene, with an internal armature 
supported by expanded polystyrene foam, upholstered in wool. Overall size: 
86 inches wide; 201 inches deep; 169 inches high (220 cm wide; 510 cm deep; 
430 cm high). Fabricated by Mira-X. Photography by Jim Postell, 2011.

 � Health care
 � Hospitality
 � Institutional
 � Offi ce
 � Recreational
 � Religious
 � Residential
 � Retail
 � Storage

Broad categories of social use are dependent on particular 
activities and affected by specifi c circumstances, which are 
nearly always infl uenced by place, occupancy, and time. As an 
example, day care furniture is a specifi c type of furniture cross-
linked with institutional and residential categories. A law fi rm is 
a specifi c type of offi ce classifi cation, as is an accounting fi rm 
or a telemarketing company. Furniture for a Catholic church, 
a Jewish synagogue, or Islamic mosque, falls under a liturgical 
classifi cation. These factors and circumstances are discussed 
in Chapter 2.

The word furniture is derived from European verbs, nouns, and 
adjectives. The French verb fournir means “to furnish.” Furniture 
provides a place setting for work, rest, and play. It also contributes 
to the ambiance and style of interior space (Figure 1.10). Furniture 
provides people with desired items and necessary equipment that 
complement and complete interior space.

The Latin adjective mobile means “movable,” which is an 
important characteristic of furniture. The French meubles, the 
Turkish mobilya, and the Danish møbel all translate into 
the English word furniture. Freedom from the physical structure of 
a building provides designers with an opportunity to create spatial 
relationships between movable elements and built-in 

Figure 1.10 The dining table and chairs (with retractable leaves) 
complement the recessed circular soffi t and surrounding millwork in 
Eliel Saarinen’s residence at Cranbrook Academy, Bloomfi eld Hills, 
Michigan. Photography by Jim Postell, 2009.
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components. The creation of spatial relationships through the size, location, and orientation 
of furniture pieces places furniture design within the disciplines of architecture and interior 
design.

Spatial order and spatial organizations include:

�  Grid: a regular tessellation that divides space into a series of contiguous cells, which 
can then be used for spatial indexing purposes. Grids can be generated from square 
or rectangular cells, triangular, circular, or, hexagonal formations.

�  Linear: relating to, consisting of, or using lines in form or in spatial sequence.
�  Centralized: drawing spatial relationships into, around, or toward a central area or point.

�  Radial: elements radiating out from a central area 
or point. (spiraling or swirling) in a circular, lineal, or 
spiral path.

�  Cluster: a small group of elements gathered closely 
together (Figure 1.11).

Though furnishings are nearly always freestanding 
and movable, some pieces challenge the conventional 
paradigm by being mechanically attached to a fl oor, 
wall, or ceiling (see Figures 1.12 and 1.13) and therefore 
lose the characteristic of their mobility. In either scenario, 
interior space is made complete through the size, loca-
tion, orientation, and surface treatment of tangible 
built-form and intangible use.

Figure 1.11 Clustered furnishings within the Salon Théâter, (Appartements 
Napoléon III), Musée du Louvre. Photography by Jim Postell, 2011.

Figure 1.12 Built-in manicure stations at Alverno Salon and Spa, Cincinnati, Ohio. The stor-
age units and manicure stations are mechanically attached to the fl oor and wall, enabling 
internal and continuous space for electrical power and air return ducts. Designed by Jim 

Postell, 2003. Photography copyright © Scott Hisey, 2004.

Figure 1.13 Built-in and tiled reclined seating in the 
master bathroom at Villa Savoye, Poissy, France. 
Designed by Le Corbusier (1928). Photography by 

Jim Postell, 2011.
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Architecture embraces the art and design of building. It is site dependent and site 
responsive. Many architects have designed custom furniture pieces to complement their 
buildings and complete their interior spaces. Alvar Aalto, Antoni Gaudí, Charles Rennie 
Mackintosh, Eugène Vallin, and Frank Lloyd Wright were architects who routinely sought to 
accomplish this goal. Furniture can contribute signifi cantly to its architectural setting, 
designed and fabricated as one-of-a-kind pieces, specifi cally to complement and complete 
a room, space, or landscape (see Figure 1.14).

Industrial design is a relatively young discipline with mass production and mass custom-
ization as its primary focus and disciplinary theme. Furniture design provides opportunity for 
exercising these core values and, therefore, fi nds itself aligned with the discipline of indus-
trial design. Digital fabrication techniques, workmanship, assembly processes, and packag-
ing are important to both industrial design and furniture production because of the shared 
dependence each discipline has with mass production and mass customization. Furniture 
pieces that are designed, fabricated, and branded as industrial design products include 
ergonomic task chairs, folding tables, and modular shelving units. These products are 
designed to have identical or deliberate quantitative outcomes resulting from industrial pro-
duction technologies and are not conceived as site-specifi c furnishings. Renowned design-
ers, whose furniture designs are dependent on mass-production and mass-customization 
technologies include Achille Castiglioni, Antonio Citterio, Bruce Hannah, Philippe Starck, 
and Bill Stumpf (see Figure 1.15).

Art, as a process, is steeped in the creation of making things. More often than not, 
artwork produced by an artist reveals, among other qualities, the mark of the maker. 
Furniture aligns itself with and is marketed as fi ne art when the nature of craft and crafts-
manship (workmanship of risk) is revealed through the process of making.  Furniture, when 
considered a work of art, results from personal skill and subjective judgment in the produc-
tion and fabrication of a one-of-a-kind piece. Furniture pieces made by 
Ron Arad, Wendell Castle, Émile Gallé, Sam Maloof, George Nakashima, 
and Andrea Zittel have been exhibited in galleries and museums and the 
pieces made by their own hand are marketed as fi ne art (see Figure 1.16).

Figure 1.15 Richard III, designed by Philippe Starck 
(1982–1984), manufactured by Baleri Italia as a 
single shell molded structure in rigid polyurethane 
and fi nished with polyurethane enamel in metallic 
silver. 36¼ inches wide; 32¼ inches deep; 36 inches 
high (92 cm wide; 82 cm deep; 91.5 cm high). 
Photography by Jim Postell, 2011.

Figure 1.14 Eugène Vallin, salle à manger (dining room), Musée de l’Ecole de 
Nancy. Photography by Jim Postell, 2011.
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Buying, selling, and marketing furniture is a business. Sales are infl uenced, in part, by the 
display of furniture in a particular setting (i.e., store, showroom, ad, journal, book, exhibit, 
or web site). Price, quality, function, aesthetics, historical context, and branded appeal also 
infl uence sales. As a business, furniture is carefully marketed through specifi c venues with 
consideration towards the competition and broader market demand for similar products. 
Furniture companies such as Cassina and Knoll invest heavily into carefully designed environ-
ments to display their furniture product line.  Furniture businesses follow suit. From Paustian 
in Copenhagen to M2L in New York, Boston, and Washington; to the offi ce furniture show-
rooms in Chicago’s Merchandise Mart; to Voltage in Cincinnati, high-end furniture show-
rooms play an important role not only in providing an environment in which to display and 
sell furniture and furnishings but also to inform the public and give voice to furniture design 
in a larger historical, societal, and cultural context.

M2L is a business dedicated to modern design. Started in 1985, the company has show-
rooms in New York, Boston, and Washington, D.C. M2L is a source for high-end residential 
and offi ce furniture, whose designs span the twentieth century and include collections from 
many modern masters, such as Josef Hoffmann, Eileen Gray, and Marcel Breuer. M2L’s 
showroom in Georgetown’s Design District provides a modern setting among turn-of-the-
century industrial warehouses. The furniture showroom is designed as a beautiful, minimal 
white interior space, providing an environment best suited to display the collection of fur-
niture and furnishings available through M2L (Figure 1.17).

DESIGN

design
• noun 1. a plan or drawing produced to show the look and function or workings of something 

before it is built or made. 2. the art or action of producing such a plan or drawing. 3. underly-
ing purpose or planning: the appearance of design in the universe. 4. a decorative pattern.

• verb 1. conceive and produce a design for. 2. plan or intend for a purpose.4

Figure 1.16 Chair by its Cover, Zig-Zag, designed and 
fabricated by Ron Arid (1989–1990). Photography by 

Jim Postell, 2011.

Figure 1.17 M2L Showroom in Washington, D.C., (2007) designed by Robert M. 
Gurney. Photography by Maxwell MacKenzie, courtesy of M2L.
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Design   9

One can think of design as structured play.5 It’s a process resulting from creative think-
ing, intuitive judgment, and hard work. As a process, design develops through a working 
method that is shaped by technical information, informed by theory, and dependent on 
communication skills. Design ideas develop within a conceptual and contextual framework 
and are dependent on the operations and abilities of the designer’s hand and head.

The design process utilizes both the right and left hemispheres of the brain. The left side 
of the brain processes information in a linear manner, working from part to whole relation-
ships. It takes pieces of information and organizes them in a logical order, then it draws con-
clusions. The left-brain person would enjoy making schedules and planning the fabrication of 
furniture. The right side of the brain, however, processes from whole to parts, holistically. It 
starts with the big picture, not with specifi c details. The right-brain person wants to see, feel, 
or touch furniture. Thus furniture designers who can activate both sides of the brain often 
enhance the design process, furthering the considerations of conceptual, structural, func-
tional, tactile, aesthetic, spatial, economic, and cultural needs and desires, all at the same time.

The word design is distinct from the word project. While design entails processes of 
inquiry and methods for exploring and synthesizing ideas (Figure 1.18), a project is the 
coherent resolution of purpose and presence (Figure 1.19). At some point in time, design 
efforts will transform into projects. A project can be revealed in a drawing, model, working 
prototype, or fabricated work. It’s not the medium that distinguishes a design from a proj-
ect; rather, it is the presence of resolved and synthesized aspects, clarity of idea, function, 
purpose, and, very often, the intent to make real.

Figure 1.18 Hand sketching in the initial phase of design—exploring 
spatial relationships with furniture, Children’s Chapel, Cincinnati Children’s 
Hospital Medical Center. Design sketch by Jim Postell, 1994.

Figure 1.19 Children’s Chapel, Cincinnati, Ohio—fabricated and installed 
furnishings by Heartwood Furniture Company, 1995. Photography by Michael 

Toombs, 1995.
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The words design and designate are derived from the Latin verb designare. Designare 
translates “to mark out,” taken from de, “of,” and signare, “to mark,” or the noun signum, 
“a mark or sign.”6 The Italian word for project is la progettazione, referring to the planning 
stage between design and fabrication. Il progetto translates into “the plan.” The word 
design is sometimes used to mean “the plan” and can imply planning or intending for 
a purpose.

At the core of designing furniture is a body of knowledge and the skills necessary to 
integrate the tangible and intangible aspects that become furniture. Tangible aspects 
include:

 � Materials (characteristics, workability, and fi nish qualities)
 � Fabrication processes (tools, performance, quality, and limitations)
 � Resources (time, money, and access to equipment and supplies)

Intangible aspects include:

 � The program (intention, purpose, function)
 � Theory and history (inquiry, rationale, precedent)
 � Ergonomics and proxemics (designing for a set of activities, within the limits of the 
human body and the study of how people communicate in and through space)

 � Knowledge about the human body and the human condition
 � The design process
 � Marketing and branding strategies
 � Professional practice

Designers can build upon their understanding of the present and be better equipped to 
foresee into the future when they have gained insight from the successes and failures, pro-
cesses, and aspirations of others in the past. Look carefully at the design and fabrication 
processes from the past. Consider the innovative use, available materials, the joinery, and 
aesthetics, all of which can inform and inspire new furniture designs.

Design skills include the ability to graphically communicate and physically model ideas. 
Though technical instruction can be taught, design skills need to be exercised and will 
improve with experience. Furniture designers need to learn how to design, sketch, draw, 
draft, make study models, and use computer programs, while simultaneously developing a 
working knowledge about materials, fabrication techniques, and the human body, when 
they actively design furniture. In regard to the skills and knowledge necessary to design 
furniture, experience in both designing and making furniture is perhaps the best teacher a 
student can have.

FURNITURE + DESIGN + (X) = FURNITURE DESIGN

The primary intention of combining the terms furniture and design together is to articu-
late an emerging discipline in the combined synthesis of the two terms. The phrase 
 furniture design establishes a framework for an emerging discipline that is comparable to 
interior design, industrial design, fashion design, or graphic design—a discipline that 
is co-dependent with other allied design fi elds and, yet, one that has a core body of 
knowledge. It is an area of study that extends beyond the summation of furniture and 
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design. It combines the arts and sciences, business and marketing strategies, and design 
and fabrication processes. It engages furniture as tangible objects, materials, and built-
form, as well as part of a larger history of design; informed by research, ideas, developed 
by design processes, theory, utility, comfort, use, and aesthetics.

Furniture design needs to be practiced in order to be fully appreciated; however, some 
aspects can be studied, learned, and taught. Designers, educators, fabricators, industrial 
entrepreneurs, museum curators, and writers have developed an enormous body of knowl-
edge about furniture design. This body of knowledge is available to the public through 
books, journals, museum and gallery exhibits, and web sites. A growing number of universi-
ties and colleges offer courses in furniture design—many within art, industrial design, inte-
rior design, and architecture programs. Generally, the course content and student learning 
outcomes from furniture offerings address the following areas of research and inquiry:

 � History (societal and cultural themes)
 � Human factors (anthropometrics, ergonomics, and proxemics)
 � Humanities (psychology, sociology, human perception)
 � Theory (inquiry, research methods, aesthetics)
 � Design (processes, phases, paradigms)
 � Skills (drawing, model making, digital design and fabrication)
 � Materials (characteristics and performance)
 � Fabrication processes (means and methods—hand, power, digital techniques)
 � Professional practice

Research methods can focus one’s inquiry within the vast body of knowledge of furni-
ture design. Through the process of gathering, organizing, and analyzing information, a 
stage is set for producing innovative work. Research can inform ideas and clarify specifi c 
knowledge about furniture design. It can enlighten designers and fabricators in ways to 
resolve technical matters regarding material properties, fabrication processes, marketing 
strategies, and business planning. There are scores of books, journals, reports, professional 
organizations, academic institutions, web sites, furniture companies, showrooms, and gal-
leries available to the designer today, and a wide range of professional practice venues, to 
support one’s study of the fi eld of furniture design.

Within the broader study of the humanities, areas of research include:

 � Human perception/psychology/behavior science
 � Sociological/cultural inquiry
 � Anthropometrics/ergonomics/proxemics
 � Social use/notions of place-making and dwelling
 � Business identity/branded environments

One can study economic, legal, and business matters in tandem with material and tech-
nical aspects of fabricating furniture. Research methods can channel and inform relation-
ships between broad areas of inquiry and more focused studies in specifi c areas. They can 
also expand focused inquiry into broader, more complex understandings.

There are, essentially, two primary approaches to research methods:

 � Empirical studies (learning by doing)—i.e., designing, drawing, making, testing. Gen-
erally, an inductive approach—working from concrete realities into general ideas.
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 � Scientifi c methods (systematic and quantitative)—i.e. gathering information, orga-
nizing data, and statistical analysis. Generally, a deductive approach—working from 
ideas and concepts down to concrete realities.

There is a third approach that is refl ective in nature, involving the study of precedent, the 
writings of others, or investigating design processes. (These approaches tend to be more 
scientifi c than empirical.)

Themes and streams of research inquiry include:

 � Theory (human factors, ergonomics, proxemics, comfort, social use)
 � Design (processes, methods, techniques)
 � Material research
 � Fabrication technologies
 � Professional practice
 � History

Themes and streams are akin to the braids of a rope—they are interdependent on one 
another and collectively strengthen the totality of one’s research or inquiry.

Data Visualization: Mapping Data from Research

Maps, line graphs, Venn diagrams, matrixes, and charts are common methods used to 
graphically visualize research-based data. Recently, data visualization has developed in sev-
eral directions:

 � Theoretical
 � Methodological
 � New technological areas

Advances include the development of a grammar of graphics, deeper understanding of 
human perception and implications for graphical layout, better approaches to visualizing 
multidimensional data, and organizing large data sets.

Consider some of the ways one might map or visualize information related to furniture 
design. One can compare the relative strength of various glues or the relative cost to manufac-
ture comparable chairs. One could diagram the global production centers and look at the 
exportation / importation values regarding furniture sales broken down by country and by year. 
One could look at the ads in specifi c journals and analyze the type or spatial context of the 
furniture shown within the ads. However the approach, researching furniture design involves 
the gathering, organizing, and analyzing of information, most of which can be gathered, 
ordered, synthesized, and presented through a variety of graphic techniques, which include:

 � Venn diagrams
 � Charts (pie, bar, graph)
 � Two- or four-axis models
 � Matrixes
 � Lexicons

Venn Diagrams
Venn diagrams indicate relationships between classifi cations and interrelated subsets 
drawn as simple, closed curvilinear shapes (Figure 1.20). As an example, consider a Venn 
diagram that graphically indicates the professional and disciplinary relations engaged in 
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furniture design. Notice how the diagram sets a framework for the shared relationships 
and infl uences between the individual subsets by the size, location, and spatial relation-
ships of the curvilinear shapes.

Charts, Two- or Four-Axis Models, and Matrixes
A chart, two- or four-axis model, or matrix can indicate quantitative and qualitative relation-
ships within a general or specifi c framework. An example of a two- or four-axis model might 
indicate the number and concentration of expensive/inexpensive furniture pieces relative 
to  a cross-axis indicating volume of sales or some other quantitative measure (see 
Figures 1.21, 1.22, and 1.23).

Furniture design research is often applied, realized through design and fabrication ven-
ues. Designers utilize human factors research and anthropometric data in the design of 
chairs. This engages a scientifi c method working from assumed principles within the con-
straints of quantitative data (Figure 1.23). Designers also explore and experiment with 

Figure 1.20 Venn diagram indicating shared and dependent relations among the disciplines of Art, 
Industrial Design, Engineering, Architecture, and Interior Design. High technologies (workmanship of 
certainty) stem from the left side of the diagram, while lower technologies (workmanship of risk) 
stem from the right side. Diagram by Jim Postell, 2011.
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Figure 1.23 Integrating Human 
Factors Research in the design 
process: images and design of 
Slat chair by Matt Puhalla 
(2006).

Figure 1.22 Pie chart indicating the concentration of furniture types 
manufactured by Knoll between 1941 and 1960. Illustration by Cynthia 

Fels, 2006, courtesy of Jim Postell.

Figure 1.21 Pie chart indicating the concentration of social use and 
furniture types of advertisements in Interior Design magazine from 1970 
to 2005.  Illustration by Alice Zhang, 2007, courtesy of Jim Postell.
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materials and fabrication techniques rather inductively. Through the process of experimenting with materials and 
methods of fabrication, designers can discover fascinating applications and opportunities for utilizing materials to 
achieve innovative performance in design (Figure 1-24).

Mapping information can indicate relationships between fi xed and variable conditions and help to visualize data 
within the constraint of an established framework such as time, place, or cost.

Lexicons
A lexicon is a collection of words or terms that relate to a branch of knowledge, discipline, or part of a specifi c popula-
tion or subset. The discipline of furniture design includes a broad collection of subheadings, ranging from:

 � Technical (i.e., jointer, rabbet joint, PVA glue, closed cell, roto-mold)
 � Descriptive (i.e., luster, knock-down, symmetrical)
 � Process focused (i.e., sketching, injection mold, digital fabrication)
 � Social use (i.e., hospitality, offi ce, residential)
 � Theoretical (i.e., ergonomic, lumbar lordosis, haptic sensation)

Historical (i.e., cathedra, credenza, ébéniste, modern)

A broad lexicon of terms exists within each of the distinct categories outlined in the preceding list. Furniture styles are 
generally broken down by periods such as Queen Anne, Georgian, Modern, and Post-Modern. Most furnishings 
are described by their social use (i.e., residential furniture, outdoor furniture, nursery furniture, offi ce furniture, etc.). 
Designers utilize an exclusive vocabulary of terms (aka design-speak), which include parti, iteration, enfi lade, unity, and 
dichotomy. Historians understand words like cathedra, voyeuse, and coffer. 

A lexicon can be organized or visualized in a number of ways. Terms can be grouped, listed alphabetically, defi ned, 
mapped, analyzed, and used in context. Lexicons are useful in organizing the parameters for pointed, focused, design 
inquiry.

The lexicon shown in Figure 1.25 delineates synthetic intersections of social use and formal composition. The lexicon 
is an attempt to organize furniture pieces into discrete components, which include physical, spatial, and functional 
headings. The organization of a lexicon is generally less important than the process and discoveries that transpire 

Figure 1.24 Success in experimenting with an inno-
vative technique of cutting wood in order to achieve a 
resilient, spring-like quality in the wood. Photography 

and design by Mary Dickerson, (2011).
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Figure 1.25 Furniture design lexicon. Lexicon by Jim Postell, 2006.
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through its conception, development, and resolution. As an exercise, consider completing 
the lexicon or determine other organizational approaches that establish boundaries and 
constraints to categories and typologies of furniture.

The primary goal for many furniture designers is to create designs that improve upon 
existing products or to provide entirely new designs that deliver new ways to work, rest, or 
play. In doing either, designers broaden the world through fresh and personal points of view.

As a tangible reality, furniture is composed of materials and fi nishes, held together by 
engineered joinery, and experienced physically and spatially. Furniture is also composed of 
intangible aspects that reveal ideas about comfort, ergonomics, proxemics, cultural mean-
ing, social status, use, spatial organization, and aesthetics. These intangible aspects serve 
as a basis for theory. Not all dimensions are measurable, and neither are details limited to 
physical characteristics. It is imperative to consider tangible and intangible aspects concur-
rently when designing and making furniture.

Before we delve into the intangible aspects of theory, let’s fi rst consider the broader 
taxonomy of function and social use categories within a cultural and societal framework, 
followed by the more descriptive and measurable characteristics of built-form.

ENDNOTES

 1. The terms movable and equipment are used to describe furniture in the following sources: 
Webster’s Illustrated Contemporary Dictionary (Encyclopedic edition, J. G. Ferguson Publishing 
Company, Chicago, 1988); The American Heritage Dictionary of the English Language, 4th edi-
tion (Boston, MA: Houghton  Miffl in Company); The Compact Oxford English Dictionary, revised 
edition (Oxford: Oxford University Press, 2003); and www.dictionary.com.

 2. The Compact Oxford English Dictionary, revised edition (Oxford: Oxford University Press, 2003).
 3. The organization of furniture using typological categories is a common approach. Edward Lucie-

Smith, in Furniture: A Concise History (London: Thames and Hudson, 1993), outlines four head-
ings, “the fi rst of which responds to the idea of function stating one can sit on a piece of furniture 
(stools, benches, and chairs); or else one puts things on it (tables and stands); sleeps or reclines on 
it (beds and couches); or uses it for storage (chests and wardrobes)” (p. 8).

 4. The Compact Oxford English Dictionary.
 5. Structured play is a phrase that faculty have used to describe the activity of design in the First Year 

Design Studio in the School of Architecture and Interior Design, College of DAAP at the University 
of Cincinnati.

 6. The Compact Oxford English Dictionary.
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2
c h a p t e r

Function and Social Use

THE BEST OF TODAY’S furniture provides for many human needs and desires, revealing the 
latest conceptions of function and social use. In this chapter, function and social use are 
interpreted broadly to include matters of comfort, performance, intended purpose, activity, 
structural integrity, spatial order, and aesthetics (Figures 2.1 and 2.2). Primary categories of 
function and social use include:

 � Human body supports
 � Activities
 � Containing
 � Defi ning space

Figures 2.1 and 2.2 Overlay indicating human scale and use with Nook and Stow, a modular 
box designed to serve multiple functions in a Montessori classroom environment: spatial order, 
storage, and human scale. Design by Liz Pisciotta (2009). Images by Liz Pisciotta.
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20   Function and Social Use

HUMAN BODY SUPPORTS

Sitting, Working, Resting, and Sleeping

Furniture supports the human body in the course of sitting, reading, dining, working, 
 resting, and sleeping. Many people spend 75 percent of their entire day (from dawn to 
dusk) in or on some type of human body support. It is important to consider the spatial and 
 temporal context in which furniture is used, and how it is used. How is the human body 
supported? For how long—how frequently, and in what social setting? Activities, body 
movement, and body posture are important to consider in design. Reading a newspaper 
requires a different posture from typing on a keypad, yet both are done while being seated. 
While some people hold books and folded newspapers in their hands; others read with the 
pages lying fl at on a table.

Beds, benches, bus, car, and plane seats, chairs, couches, futons, hammocks, infl ated 
therapy balls, mattresses, rockers, sofas, stools, and wheelchairs are some of the many fur-
niture pieces designed to support the human body for up to 15 hours out of every 24-hour 
cycle (Figure 2.3). At a minimum, human body supports should enable fi ve conditions:

 � Body movement
 � Support the weight of the body as evenly as possible
 � Maintain the natural curvature of the spine when standing while being seated 
(lumbar lordosis)

 � Avoid inward compression of the lower vertebrae of the spine (kyphosis)
 � Minimize uncomfortable pressure points

Conventionally, furniture serves to keep people and activities off the ground. Even sleep-
ing bags and picnic blankets offer some degree of separation from the moisture, dirt, and 
temperature of the ground. But when the grass is warm and dry and the ground is clean, 
either can be a wonderful place to sit, rest, or sleep (Figure 2.4). Before we focus on 

Figure 2.3 Human fi gure seated. Sketch by Gil Born.

Figure 2.4 Clusters of people sitting and lying on the grass. Photography by 

Jim Postell, 2006.
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furnishings that support the body for various purposes above the 
ground, consider how people enjoy sitting, resting, working, and 
sleeping on the ground.

Man-made body supports include elevated platforms and 
raised surfaces used for sitting and resting. Backless benches made 
from logs, retaining walls, and steps can support a wide range of 
people and activities. These furnishings are often site-dependent, 
incorporated through their size, location, orientation, and surface 
articulation with the surrounding landscape (Figure 2.5).

Stools are considered the oldest portable human body support. 
The three- and four-legged stools that existed in ancient Egypt 
remain a popular furniture type today. Consider the similarities 
and differences in the form, materials, and fabrication of the 
hand-worked three-legged Egyptian stool in Figure 2.6 and the 
laminated sauna stool designed by Antti Nurmesniemi in Figure 
2.7. In both cases, the splayed three-leg support offers effective 
and effi cient support to handle both vertical loads and lateral 
forces. The sauna stool gives functional expression to the detail 
between leg and seat pan, and the oil-concentrated teak leg sup-
ports work well within the changing moist and humid conditions 
of a sauna.

Chairs can be thought of as stools with backs. Backs give spa-
tial orientation and provide lateral support for sitting. Backs can also 
indicate social order. The Greek klismos chair has been referred to 
as “the chair with a back”1 because up to 500 BCE, chairs with 
backs expressed social signifi cance through their use and were con-
sidered thrones. Throughout history, chairs have denoted social sta-
tus through their form, size, material, and placement.

Figure 2.5 Sitting on a log bench. Photography by Jim 

Postell, 2006.

Figure 2.6 Egyptian-grown and hand-carved stool 
with splayed legs, ca. 1560 BCE. Photography 

courtesy of John Stork.

Figure 2.7 Sauna stool designed by Antti Nurmesniemi 
(1952), fabricated by Vuokko. Laminated birch ply seat pan 
with turned, teak leg supports. 17 inches wide; 16 inches 
deep; 17 inches high (43 cm wide; 40.5 cm deep; 43 cm 
high). Photography by Jim Postell, 2006.
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The verb “to sit” signifi es holding a position of power 
in many languages. The terms and phrases chairman, to 
chair a meeting, and seat of learning all refer to social sta-
tus. Chairs often distinguish between individuals being 
served and those serving others. Those who stood gener-
ally served those who sat (Figure 2.8). Sitting postures also 
relate to regional traditions and social circumstances as 
much as they respond to a desire of comfort or need for 
support.

The klismos chair gave dignity and poise to a broader 
spectrum of users, underscoring an emerging social and 
gender equity within the Greek democracy. The drawing 
overlay of the klismos chair in Figure 2.9 is based on an 
interpolation of surviving pottery and sculptural relief.2

It is a challenge to integrate formal aspects of composi-
tion, material properties, fabrication techniques, and func-
tional use in the conception of furniture, but the best 

designers do so. Consider the upholstered foam over a molded plastic shell in Eero Saarinen’s 
Womb chair (Figure 2.10) or Grete Jalk’s folded and laminated plywood Easy chair 
(Figure 2.11). These chairs resulted from material exploration and rigorous design iteration. 
The Womb chair offers an upholstered refuge and a relaxed posture for the user. It was 
originally commissioned by Florence Knoll, who wanted “a chair that was like a basket full 
of pillows . . . something [she] could curl up in.”3 Both Saarinen and Jalk were able to trans-
form the limitations of specifi c materials and processes of fabrication into furnishings that 
are structurally sound, comfortable, and beautiful.

Figure 2.8 Egyptian stone relief: king makes offering to Throth, 1070–712 
BCE. Photography courtesy of Cincinnati Art Museum, John J. Emery 

Fund. Accession No. 1945.64.

Figure 2.9 Greek klismos chair, 700–400 
BCE. Drawing courtesy of Jim Postell, 2006.

Figure 2.10 Womb chair, designed by Eero Saarinen, (1946–1948). 
Manufactured by Knoll International, upholstered in molded latex foam over a 
fi berglass, reinforced plastic shell, supported by slim, chrome-plated steel rod 
legs and base. 40 inches wide; 34 inches deep; 35½ inches high; 16 inches seat 
height; 20½ inches arm height (101.5 cm wide; 86.5 cm deep; 90 cm high; 
40.5 cm seat height; 52 cm arm height). Photography courtesy of Knoll, Inc.
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Squatting and Sitting

Squatting is considered by many to be the fi rst and most natural means of 
sitting and is especially prevalent in nomadic, African, and Eastern societ-
ies. Squatting works a variety of muscles and places the body close to the 
ground (Figure 2.12). Today, out of the tens of thousands of chairs avail-
able, stools and infl ated therapy balls are among the few furnishings 
designed to accommodate a squatting posture. Squatting is physiologically 
healthy and doesn’t rely on the use of or need for chairs. In some places 
throughout the world, a cross-legged seated posture is common, while in 
other places, such as in Japan, kneeling is preferred. But most people 
in Western societies have cultural and societal preference for chairs. They 
desire the comfort and upright posture achieved by sitting in a chair.

Large pillows and beanbag chairs on the fl oor can accommodate a 
range of postures conforming to specifi c uses by adults or children. 
However, pillows and beanbag chairs limit body movement during use. 
Further, they are diffi cult for many to get into or out of. Most beanbag 
chairs are upholstered in fabric, vinyl, or leather and fi lled with thousands 
of loose, expanded polystyrene pellets that offer little support for the body. 
When seated, the body tends to collapse inward in a captive, static posture, 
which over time becomes uncomfortable (Figure 2.13).

In contrast to the static position created by the beanbag chair, many con-
temporary offi ce chairs are designed for dynamic movement and multiple 
tasks such as typing, writing, and reading (Figure 2.14). The best are designed 
to accommodate a wide range of users, who perform multifunctional tasks 
for extended periods of time. Consumers seek comfort, appropriate support, 
and ergonomic resolution in today’s offi ce environments and are willing to 
spend several hundred dollars for an appropriate chair. Furniture companies 
have invested signifi cant resources in the research and development of ergo-
nomic chairs, which in turn require mass production and a high volume of 
sales for economic feasibility.

Can a chair that is designed specifi cally for reading a book be used to type 
a report? Typing requires the maintenance of correct eye position relative to 
the top of the computer monitor. Arms and wrists should fall at the level of 

Figure 2.11 Easy chair, designed by Danish designer 
Grete Jalk (1963), molded teak plywood with Oregon 
pine veneer, manufactured by Poul Jeppesen, 
Denmark. Photography by Jim Postell, 2006.

Figure 2.13 Il Sacco (three beanbag chairs), designed by Piero Gatti, 
Cesare Paolini, and Franco Teodoro (1968–1969). Manufactured by 
Zanotta Spa. Photography by Jim Postell, 2006.

Figure 2.12 “Boy,” by artist Ron Mueck (2000). 
ARoS Aarhus Museum of Modern Art, Denmark. 
Photography by Kyle Barker, 2005.

Figure 2.14 Mirra chair, designed by Studio 7.5, (2003). Aeron and 
Equa chairs, designed by Bill Stumpf and Don Chadwick, (1994 and 
1984). All chairs manufactured by Herman Miller. Photography by 

Nick Merrick. Courtesy of Herman Miller, Inc.
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the keyboard. The spine often leans forward when typing. Reading a newspaper assumes a 
different posture altogether. Conventional theories suggest that an ideal seat rake (the 
angle between the seat pan and the seat back) for reading depends on a number of 
factors:

 � What one is reading
 � How long one is reading
 � Preferences concerning how one chooses to read

Most researchers and designers would agree that the seat rake for reading should be 
greater than 90 degrees and less than 110 degrees. Though the angle of the seat rake is 
important to consider in designing a chair, this measure is directly related to other aspects 
such as the height of the seat pan, the surrounding furnishings, the intended purposes, and 
the physiology of the user. Even when one considers these aspects thoughtfully, body posture 
will change frequently. Allowing for different postures and body movement is as important 
as determining appropriate dimensions and angles for an ideal body posture.

The Danish designer Niels Hvass designed and fabricated Yesterday’s Paper (1994), a 
chaise longue made entirely out of recycled newspaper. In one operation, an ottoman for 
the longue was cut out of a block of laminated newspapers, resulting in a place to sit and 
a support to rest one’s legs (Figure 2.15). Under the chair is a support with wheeled casters 
that keeps the longue off the ground. Yesterday’s Paper works well as a place to read the 
newspaper, but it would be a challenge to sit in a reclining position and type a report. 
Different functions require different postures, which often means different chairs.

A bench typically serves as a place to rest for a brief period of time. But not all benches 
serve the same purpose. A bench used for sitting in a cross-legged manner needs to have 
a deeper seat pan and a lower profi le than a bench designed for people to sit in an upright 
manner. Benches that are subdivided or have contoured or predefi ned seating areas can be 
diffi cult to lie upon or incorporate personal items (Figure 2.16).

Benches seem to be everywhere. They are used at bus stops, in parks, and in lobby 
spaces. Benches are generally used for sitting and waiting, and perhaps for reading, talking, 
or writing as well, but people fi nd uses that extend beyond conventional utility. The idea of 
standing on a bench in order to gain extra height to see into the distance may seem 

Figure 2.15  Yesterday’s Paper, designed and 
fabricated by Niels Hvass (1994), Copenhagen, 
Denmark. Photography by Jim Postell, 2006.

Figure 2.16 The bench’s center stile makes it diffi cult to lie 
down. Photography: copyright © William A. Yokel, 2005. 

Permission by Alyssa Thunberg, who is in the photo.
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unusual, but the additional 17 inches (42.2 cm) provided by the bench in Figure 2.17 
enabled an exceptional view of the bay that otherwise would not be possible to see.

Beds provide places to sleep. Beds also express social and cultural meaning. Consider 
the Japanese futon and the shikibuton, the blanket in a teepee, the canopy beds 
designed and fabricated during the Rococo and Victorian periods, and the waterbeds of 
the 1970s. Beds can be builtin, as were the once popular Murphy beds of the 1930s, or 
freestanding platform beds, which were popular in the 1960s. Because one convention-
ally enters a bed from the side, beds divide rooms patially and socially. Thomas Jefferson 
(1743–1826) placed his bed in an alcove located between his study and the bedroom, 
making it visible and accessible to both spaces while simultaneously drawing together 
and separating the principal bedroom from the study at his home, Monticello, located 
just outside Charlottesville, Virginia (Figure 2.18).

ACTIVITIES: EATING, READING, TYPING,
AND WRITING

People depend on furniture to perform a variety of activities. Furniture infl uences how one 
experiences a meal, reads a book, types a report, works at a computer, or writes at a desk, 
though the relationships between the form, material, and activity need to be studied fur-
ther. The ability to identify the measurable and material aspects of furniture that contribute 
to structural integrity, use, and pleasure is key to understanding basic relationships in design.

Eating, reading, typing, and writing are performance-based activities. Observing and 
analyzing correlations between furniture, the human body, and activities can help designers 
better understand how and why furniture performs well or poorly. Bureaus, desks, 
lecterns, tables, workbenches, and workstations are designed to accommodate many 

Figure 2.17 Unconventional use: standing on a bench to see into the dis-
tance. Photography: copyright © William A. Yokel, 2005. Permission 

by David Fedyk and Whitney Hamaker, who are in the photo.

Figure 2.18  Thomas Jefferson’s bedroom and study at Monticello, near 
Charlottesville, Virginia. Designed by Thomas Jefferson (1796–1809). 

Photography by Walter Smalling, 1978, for Historic American 

Buildings Survey.
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intended purposes and a broad range of users, which further complicate the parameters of 
design. Such furnishings are distinct from human body supports in that they primarily sup-
port activities rather than the human form.

Consider the activities involved in sharing a meal and refl ect upon how a table’s form 
and shape, size, height, materials, structural stability, edge profi le, weight, and spatial 
location can infl uence patterns of behavior and communication during a meal (Figure 2.19). 
An effective and sensitive design can assist the behaviors and contribute to the psychologi-
cal and physiological experiences of dining.

Observe people reading and typing at a chair and table. Note how often posture changes 
during each activity. How often do people shift their posture in order to keep their blood 
moving and stay comfortable when sitting? Observe how chairs and tables support and 
compromise various activities. Consider sitting as a dynamic and ever-changing activity.

The height and depth of horizontal surfaces infl uence the utility of tables and counters. 
Designers may want to consider sketching or modeling a human fi gure when delineating 
horizontal surfaces (Figure 2.20). One needs to consider furniture relative to standing, lean-
ing, and sitting as well as the various ways of working, resting, speaking, reading, typing, 
and reaching. Most contemporary societies have developed dimensional standards for spe-
cifi c activities. The following conventional standards apply to work surfaces and tables 
throughout many Western societies.4

 � Accessible counters and horizontal surfaces for wheelchair use are 30 inches 
(76.2 cm) high.

 � Kitchen counters range in height between 30 and 38 inches (76.2 and 95.7 cm) 
and are typically 24 inches (61 cm) deep.

 � Standing bar surfaces are 42 inches (106.6 cm) high.

Figure 2.19 Solid-surface round dining table (Great American Kitchen 
exhibit). Photography courtesy of Formica Corporation.

Figure 2.20 Orthographic drawings of a drafting table with a 
human fi gure included for scale. Drawing by Gil Born.
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 � Reading tables are between 25 inches (63.5 cm) and 33 inches (83.8 cm) high, 
depending on clearance needs for youth, adults, and wheelchair users.

 � Dining tables and kitchen nooks are 29–30 inches (74–76.2 cm).
 � The size of a dining table is based on 24 inches (61 cm) of minimum space for the 
seated person and 8 inches (20.4 cm) of additional space on either side.

 � Lecterns and reading podiums should be adjustable between 42 inches (106.6 cm) 
and 48 inches (122 cm) in height.

CONTAINING: STORING, DISPLAYING,
AND ORGANIZING

Storing, displaying, and organizing items are determinants of func-
tion. Storing and displaying are separate functions that can occur 
simultaneously, as in a jeweler’s display case. Boxlike furniture such as 
chests of drawers, dressers, bookcases, storage units, and buffets 
are case goods (Figure 2.21). Case goods are freestanding ele-
ments, generally made of wood. The early seventeenth-century 
cabinet shown in Figure 2.22 is a decorated case good used to 
store personal or valuable items. The detail in the cabinet contrasts 
with the conventional white painted pedestals used to display art in 
many gallery settings (Figure 2.23), which, in turn, reveals 
 fundamental distinctions between storing possessions and display-
ing art. But both examples demonstrate the shared necessity to 
organize items.

Storage and display solutions can be inexpensive, sustainable, 
and ready-made. In the 1970s, wooden orange crates and plastic 
milk crates were popular as simple ways to store books, record 
albums, and clothes. They were portable, lightweight, sturdy, and 
stackable.

Figure 2.21 American pair of skyscraper bookcases designed 
and fabricated by Paul Frankl (ca. 1920s). Photography by 

Jim Postell, 2005.

Figure 2.23 Custom pedestals designed and fabricated by artist William 
Christenberry (2001), for displaying his artwork. Dorothy W. and C. Lawson 
Reed Jr. Gallery, College of Design, Architecture, Art, and Planning, University 
of Cincinnati. Photography by Jay Yocis. Courtesy of DAAP Galleries, 
University of Cincinnati.

Figure 2.22 A seventeenth-century Pakistan cabinet made 
from wood, ivory, and brass. Photography courtesy of 

Cincinnati Art Museum. Accession No. 1962.457.
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Many contemporary societies fi nd it diffi cult to live 
with few possessions. Furnishings are needed to provide 
adequate storage and function to contain, display, and 
organize personal possessions acquired in this modern 
age. These furnishings include armoires, buffets, chests, 
coat racks, coffee tables, commodes, credenzas, 
cupboards, fi ling cabinets, fl at-fi les, gallery pedestals, 
hutches, shelving systems, storage bins, and 
tambours.

Built-in storage and display units, wall-mounted cabi-
nets, and kitchen pantries are considered casework. 
Casework is typically custom-fabricated for the spe-
cific  contents and environment in which it resides 
(Figures 2.24).

DEFINING SPACE: ENCLOSING, SHAPING, 
AND PARTITIONING

Partitioning space is another determinant of function. Space can be subdivided or unifi ed 
through the location and use of built-in furnishings, privacy screens, and shelving systems. 
Consider how built-in and partitioned pews have infl uenced the perception of interior space 
in many older churches and cathedrals across Europe (Figure 2.25). At the other end of the 
spectrum, consider the many offi ce environments, hotel lobbies, museum exhibits, libraries, 
and restaurant spaces in which freestanding furniture functions to partition and defi ne 
zones of activity, independent of the interior or architectural frame. Offi ce storage systems 
can provide fl exible arrangements, dividing and subdividing large spaces into more manage-
able spaces or more private spaces (Figure 2.26). Residential fi re screens help control the 
heat from an open fi re and in so doing provide a greater utility for those near a fi replace.

Figure 2.24 Shaker casework (ca. 1800s), Hancock Shaker Village, Pittsfi eld, 
Massachusetts. Photography by Elmer R. Pearson, 1970 for Historic 

American Buildings Survey, Library of Congress 077556pu Habs Mass.

Figure 2.25 Enclosing and shaping space with built-in pews. Photography 

by Jim Postell, 2006.

Figure 2.26 Partitioning space using offi ce furniture. Photography 

courtesy of Steelcase, Inc.
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CLASSIFICATIONS BASED ON SOCIAL USE

Furnishings facilitate social use and the functional needs required in many different environ-
ments. Social-use classifi cations include:

 � Health-care furniture:
Nurse stations
Hospital beds
Examination chairs and tables
Wheelchairs

 � Hospitality furniture:
Restaurant dining (tables and chairs)
Serving stations
Lobby and vestibule seating

 � Institutional and educational furniture:
Chairs and tables
Desks
Podium/lectern

 � Multifunctional furniture:
Sit-work
Sit-sleep
Store-display

 � Offi ce furniture:
Ergonomic task chairs
Workstations
Filing cabinets
Shelving systems

 � Recreational furniture:
Camping
Gaming furniture
Leisure
Adirondack chair
Porch rocker
Porch swing
Playground equipment
Poolside
Sports-watching

 � Religious (Liturgical) furniture:
Catholic

Altar
Ambo
Ambry
Cantor stand
Credence table
Gift table
Lectern
Presider’s chair
Processional cross
Tabernacle

Jewish
Ark
Lectern
Ritual table

Torah table
Islamic

Minbar
Prayer rug

 � Residential furniture:
Bedroom

Blanket chest
Bunk bed
Canopy bed
Chest of drawers
Chest-on-chest
Daybed
Four-poster bed
Futon
Highboy
Lowboy
Side table
Trundle bed

Dining room
Breakfront
Buffet
Dining chair
Dining table
Drop-leaf table
Gateleg table
High chair
Hutch
Pedestal table

Living room
Coffee table
Love seat
Multimedia display and storage
Nested tables
Reclining chair
Settee
Shelving
Side table
Sofa
Tea table

Nursery
Changing table
Crib

 � Retail furniture:
Cashwrap
Product display
Shelving/product storage

 � Storage furniture:
Shelving
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Retail stores, online web sites, catalogs, and custom fabrication companies market spe-
cialized furniture using social-use headings to reach targeted audiences who might be 
looking for specifi c use or specifi c type furniture categories.

Social-use needs change over time. Retailers try to keep current with social-use trends 
and respond by offering new products to satisfy the changing demand. Consumers want 
safe furnishings for newborn babies, nontoxic products, and fi nishes that emit few volatile 
organic compounds (VOCs). Multimedia furnishings are designed to be much slimmer 
today, catering to a shift in the market toward thinner, smarter TVs. Many outdoor residen-
tial furnishings are lightweight, comfortable, and designed to resist fading or damage caused 
by the sun. Home goods is a phrase used by many retailers to describe lifestyle (residential) 
design. Arhaus, IKEA (Figure 2.27), Macy’s, Target, and Williams-Sonoma are retail corpora-
tions that offer lifestyle furnishings and target middle- to upper-middle-class consumers.

Health-care Furniture: For Those Who Need Assistance

Several large furniture companies produce furnishings and equipment specifi cally for 
those who need assistance. Healthcare equipment includes wheelchairs, rollaway carts, 
lift chairs, and adjustable tables to help people with disabilities or those requiring hos-
pitalization. Generally, healthcare equipment and furnishings are mass produced; 

Figure 2.27  Cover of IKEA 
catalog. Scan by Jim Postell.
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however, architects, designers, and artisans have also focused on 
designing limited-run, custom furnishings. When architect Alvar Aalto 
designed the Tuberculosis Sanatorium at Paimio, Finland, in 1933, he 
also designed the furnishings and casework for each of the patient 
rooms (Figure 2.28).

Today, many medical beds designed for intensive care units (ICUs) are 
air infl ated, temperature controlled, movable, and adjustable in length, 
height, and width. Medical beds are designed as components of a com-
plex system of devices that work together to ease body discomfort and 
save lives.

In the 1800s, wheelchairs were little more than rigid chairs on wheels 
that were pushed from behind (Figure 2.29). Early-twentieth-century 
wheelchairs had spoke wheels and wire-wound rubber tires. They were 
made of chrome-plated steel tubing and stiff vinyl upholstery. They 
were heavy, averaging between 45 and 50 lb in weight. Today, light-
weight titanium wheelchairs are available for athletic competition or 
negotiating challenging urban spaces.

Many of today’s power wheelchairs utilize digital and computer tech-
nologies that help control special features such as automatic brakes and 
anti-tipping devices. Many of these wheelchairs take into account the 
need for back, neck, head, and leg support. Power wheelchairs can have 
electronic controllers to help users drive smoothly, brake easily, and allow independent 
movement with just the touch of a hand. Dean Kamen’s iBOT mobility system (1999) tran-
scends traditional ideas about the wheelchair (Figure 2.30). Though it is designed to help 

Figure 2.29 Wheelchair from the early 1800s. Photography 

courtesy of John Stork.

Figure 2.30 Dean Kamen’s iBOT Mobility System (1999), produced 
for Independence Technology, LLC. Photography courtesy of 

Professor Soo-shin Choi, as Proxy for Ola Abou-Sabe, Independence 

Technology LLC.

Figure 2.28 Patient room and furnishings, designed by 
Alvar Aalto (1933), Tuberculosis Sanitorium, Paimio, 
Finland. Photography by Jim Postell, 2006.
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those with a disability, it is not considered a wheelchair. It is a device that can climb stairs, 
balance on two wheels, and, in four-wheel mode, can go on any terrain including sand, 
pebbles, and even an uncut curb. The iBOT enables users to enjoy the same eye height and 
arm-reach as non–wheelchair users.

Lift chairs, bath lifts, and toilet lifts assist those with a disability in getting into and out 
of a seated position (Figure 2.31). They offer support for people who are unable to sit and 
stand independently and allow caregivers to assist patients physically when tending to their 
needs. They address the diffi culty many individuals have with limited lower back and hip 
movement. Healthcare furnishings in general and lift chairs or wheelchairs in particular raise 
issues of semantics that blur the boundary between furniture and equipment. This is hap-
pening in other markets as well, but it seems more pronounced in the health care industry 
due to the technical, mechanical, and material innovations that have occurred in the indus-
try within the past decade.

Hospitality Furniture: Restaurants, Lobbies, and Reception Areas

Hospitality furniture is designed and fabricated for public and social interchange and 
includes lounge seating, restaurant chairs and tables, lobby seating, and reception desks. 
Hospitality furniture accommodates a broad range of users and uses. Consequently, acces-
sibility, durability, and fl exibility are important criteria to consider in design.

Figure 2.31 Adjustable lift-seat for use 
on tatami mats. Image courtesy of Jim 

Postell, 2012.
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Restaurant Dining Tables and Chairs
Restaurant furnishings are components of hospitality furni-
ture. Despite specifi c characteristics and features of the tables 
and chairs used in restaurants and lobbies, overall dimensions 
are often based on industry standards:5

 � The standard height of dining tables is 29 inches 
(73.6 cm).

 � The standard table-width dimension for restaurant 
dining per individual adult is 24 inches (62 cm).

 � The standard seat pan height of mass-produced 
dining chairs for Western markets is 17 inches 
(42.2 cm).

Small dining tables occasionally may need to accommo-
date larger gatherings. With all tables at standard sizes, they 
can be rearranged as needed to form space for larger groups.

Lobby and Reception Furniture
Lobbies and reception areas are social-centered places that draw people together for rela-
tively short periods of time (Figure 2.32). Verner Panton’s Living Tower (1969) is composed 
of interrelated components that make possible a variety of spatial confi gurations and 
body postures (Figure 2.33). The sectional seating design is ideally situated for lobby and 
reception areas. Related to Panton’s Living Tower was Visiona II, a psychedelic exhibit 
space also designed by Verner Panton, composed of many upholstered components. It 
was conceived as a three-dimensional body landscape using sinusoidal curved shapes, 
interlocking components, and bold use of color for an exhibition for Bayer at the Cologne 
Furniture Fair (1970).

George Nelson’s Platform bench (1946) is modest in form and fl exible in use (Figure 2.34). 
It can be manufactured in different length dimensions using either primavera or ebonized 
wood for the top and spatially arranged in a number of ways. Lobbies and reception areas 
need fl exible and multifunctional furnishings in order to accommodate changing and 
temporary uses. The lobby space in Rem Koolhaus’s Seattle Public Library (Figure 2.35) is 
fi lled with colorful, sectional, upholstered seating elements designed to accommodate 

Figure 2.32 Social-centered lobby space. Copyright © William A. 

Yokel, 2005.

Figure 2.33 Living Tower, designed by 
Verner Panton (1969), produced by 
Vitra. Photography by Jim Postell, 2006.

Figure 2.34 Platform bench, designed by George 
Nelson (1946), manufactured by Herman Miller. 48 
inches, 56½ inches, 68 inches, or 72 inches wide; 18½ 
inches deep; 14 inches high (122, 143, 173, or 183 cm 
wide; 47 cm deep; 35.5 cm high). Photography by 

Phil Schaafsma. Courtesy of Herman Miller, Inc.

Figure 2.35 Sectional lobby seating in the Seattle 
Public Library, designed by architect Rem Koolhaus of 
OMA (2006). Photography by Brian F. Davies.
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diverse users (i.e., young, old, individu-
als, groups, even Seattle’s homeless 
population) and offers multiple uses 
(i.e., talking, gathering, reading alone, 
and resting).

Institutional Furniture: Education

Institutional furnishings are used in 
classrooms, libraries, and training facili-
ties. The phrase contract furniture is 
used to describe institutional furniture. 
On occasion, institutional furnishings 
are custom designed for specifi c places, 
but generally they are anonymous prod-
ucts. Stackable chairs such as Arne 
Jacobsen’s Series 7 (Figure 2.36) and 
David Rowland’s 40/4 stacking chair 
(Figure 2.37) were designed for confer-
encing, auditorium seating, and institu-
tional use. The best designs are durable, 
comfortable, fl exible, lightweight, and 
easy to store. Arne Jacobsen’s Ant 
chairs are available in three- and four-
leg versions, with or without arms, and in a variety of back profi les. The 40/4 stacking 
chair (1963) can be stacked 40 high within a space of 4 feet (1.2 m) because the chair 
nests closely and the frame is made of 7⁄16-inch (11 mm) diameter high-strength steel rod. 
Over 8 million 40/4 stacking chairs have been produced, and many are still in use around 
the world.

Figure 2.37 The 40/4 stacking chairs, designed by David 
Rowland (1963). Manufactured by GF Furniture Systems. The 
stamped-out sheet metal has a protective PVC coating 
applied. 20 inches wide; 21¼ inches deep;  30 inches high; 
15½ inches seat height (51 cm wide; 54 cm deep; 76 cm high; 
39.6 cm seat height). Photography by Jim Postell, 2006.

Figure 2.36 Ant and Series 7 fabri-
cated using molded beech plywood. 
Stacking chairs, designed by Arne 
Jacobsen (1952.1955), manufac-
tured by Fritz Hansen, Denmark. 
(Ant chair). 19 inches wide and 
deep; 30¼ inches high; 17¼ inches 
seat height (48 cm wide and deep; 
77 cm high; 43.8 cm seat 
height). Photography courtesy 
of Erik Skoven and Fritz 
Hansen, Denmark. 
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Design criteria for institutional seating include:

� Lumbar vertebrae support
�  The ease with which and number of chairs that 

can be stacked (4 to 40)
� Lightweight design
� Comfort and freedom for body movement
�  Gauge of the metal supports (16-gauge and 7/8-

inch [2 cm] tubing are standard)
� Durability
� Stain and scratch resistance of the chair’s fi nish
� Price

Fixed institutional seating includes educational lecture seating, 
auditorium seating, theater seating, stadium seating, and courtroom 
seating. The folding auditorium seating designed by Poul Kjærholm 
and in collaboration with cabinetmaker Ejnar Pedersen (1976) is 
attached to a stepped fl oor in the concert hall at the Louisiana 
Museum of Modern Art in Humlebaek, Denmark. The seating incor-
porated plaited maple seat pans and backs (woven slats) that were 
remarkable for both their craft and comfort (Figure 2.38). The maple 
slats complemented the dark wood fl ooring, but the plaited inserts 
caused a distracting noise from maple rubbing against maple. Wax 
and soap fl akes were applied in an attempt to address the problem 
but without success. Eventually, the maple inserts were replaced 
with ash wood by P. P. Møbler, which solved the noise problem.

Fixed seating often incorporates extendable writing tablets or 
cup holders. These elements should be accessible, easy and quiet to 
operate, and durable. Most writing tablets are designed to favor 
right-handed users because 90 percent of the population is right-
handed, but the challenge remains to accommodate all users.

Shelving systems are important institutional furnishings, particu-
larly in libraries. They need to be fl exible, adjustable, accessible, and 
durable. Wall-mounted or freestanding shelving systems can defi ne 
and partition space in a signifi cant manner (Figure 2.39).

Multifunctional Furniture: Sit-Work, Sit-Sleep, 
and Store-Display

Furniture becomes multifunctional the moment we toss clothes on a 
chair or sit on a table. Tabletops function as places to set items and 
serve as places to eat, drink, and work. Tables can also accommodate 
the desire or need to sit and rest (Figure 2.40), just as chairs can incor-
porate drawers and open shelving for storing and organizing items 
(Figure 2.41).

Many furnishings are designed to serve more than one purpose, especially in small 
spaces where effi ciency and economy are required. The Valet chair (Figure 2.42) designed 

Figure 2.39 Library shelving, the Seattle Public Library, 
2006. Photography by Brian F. Davies.

Figure 2.38 Concert hall seating at the Louisiana Museum 
of Modern Art, Humlebaek, Denmark. Designed by Poul 
Kjærholm, (1976). 23½ inches wide (59.5 cm 
wide). Photography by Jim Postell at the exhibition 

Poul Kjærholm—Furniture Architect, curated by 
Michael Sheridan, with permission from Susanne 
Hartz, Head of Press, Louisiana Museum of Modern 
Art, June 23–15 October 2006, Humlebæk, 
Denmark.
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by Hans J. Wegner (1951–1953) is a stool conceived to function as a clothes valet 
and chair for students living in dormitories at Saint Catherine’s College in Oxford, 
England. The seat pan is hinge-mounted near the front, which can be lifted to 
access a small recessed tray that is useful for storing personal items. The chair’s 
back is profi led to support a shirt or jacket.

Futons
The futon is a traditional Japanese bedding system. It includes the shikibuton 
(fl oor mat) on which a person sleeps and the kakebuton (duvet/comforter) that 
covers the body. Its portability allows it to be stored when not in use. This is an 
important feature because traditional Japanese living spaces are compact. The 
futon is placed on tatami mats, which are traditionally 2-inch (5 cm) thick woven 
reed fl ooring mats that are 35½ inches (90 cm) wide by 71 inches (180 cm) long 
and inset into the fl oor.6 Futon mattresses are simple cotton mats that are fl exible 
and foldable. Western societies utilize adjustable wooden frames to help place 
the futon in either a sitting or sleeping position to offer a night of rest.

Storage-Display Units
Retail environments rely on shelving systems to store and display products as well 
as to organize space. The primary goal of retail display is to promote the sale of 

merchandise. Consider the baker’s rack, which is typically used in the food preparation 
industry. A baker’s rack is easy to assemble, offers a fl exible arrangement, provides clear 
lines of sight, and can be confi gured in multiple shelf heights. It is a transferable shelving 
system for  settings as diverse as warehouses, pharmacies, and personal garages. Verner 
Panton and Peter J. Lassen collaborated on a similar shelving system made with chromed 

Figure 2.41 Heavy study chair, Lars Tingskov Mikkelsen 
(1998). Photography by Jim Postell, 2006.

Figure 2.40 Sitting and reading on a table. Image courtesy of Peter 

Chamberlain.

Figure 2.42 Valet chair, designed by Hans 
J. Wegner (1951–1953), fabricated by 
P. P. Møbler. 20 inches wide; 19½ inches deep; 
37 inches high (50.8 cm wide; 49.5 cm deep; 
93.9 cm high). Photography by Jim Postell, 

2006.
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metal rods called the Wire Cube in 1970 (Figure 2.43). The Wire Cube 
is produced for commercial use by Montana and recalls the pragmatic 
utility and visual language of the traditional baker’s rack.

Offi ce Furniture: Ergonomic Seating, Workstations, 
and Systems Furniture

Offi ce furniture constitutes a large segment of the furniture industry. The 
U.S. offi ce furniture industry has grown signifi cantly over the past 20 
years, reaching $12 billion in gross sales in 2006.7 Ergonomic seating is a 
large portion of this market. Today, many well-designed ergonomic chairs 
are available. Some of these include Haworth’s Zody, Herman Miller’s 
Equa, Aeron, and Mirra chairs, Humanscale’s Freedom chair, Knoll’s 
Chadwick™ and Life® chair, and Steelcase’s Leap chair (Figure 2.44).

Offi ce furniture systems have undergone signifi cant transforma-
tions because of social and economic change, ergonomic theories, and 
technological innovation. From the metal and wood chairs that were 
fi rst introduced in the mid-1800s to the intuitive mechanisms and poly-
mer fi bers of today’s ergonomic seating, offi ce furniture has signifi -
cantly transformed. Consider how computer and digital technology, 
new production advancements, and cultural shifts in the way offi ce 
work is organized and managed have changed the workplace from the 
heavy, dark environments that were typical 100 years ago (Figure 2.45).

In 1968, Herman Miller introduced Action Offi ce (see Chapter 4), 
the fi rst panel-based, open-plan offi ce system in the world.8 The 
designer, Robert Propst, developed a system of components that 
could be confi gured and reconfi gured as needed over time. The ability 
of individuals to control their physical and ambient work environ-
ments responded to a growing trend. The Action Offi ce system 

Figure 2.43 Wire Cube, designed by Verner Panton 
and Peter J. Lassen (1970), manufactured by 
Montana. Photography by Jim Postell, 2006.

Figure 2.44 Leap offi ce chair, designed by Steelcase and 
IDEO (1999), manufactured by Steelcase. The depth of the 
lower-back support is adjustable by turning a knob, which 
controls the tension of a slotted, fl exing polypropylene 
backrest panel. Photography courtesy of Steelcase, Inc.

Figure 2.45 Heavy, dark offi ce work environment, typical 100 years ago. Photography 

courtesy of Steelcase, Inc.
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transformed the workplace, as well as Herman Miller and the 
entire furniture industry, into a systems-based approach in 
thinking about the role of design.9 Since then, the concepts of 
networking, teaming, and hoteling have developed in the cul-
ture of the workplace, and these in turn have inspired new 
offi ce systems and new product lines. Primary themes behind 
Action Offi ce are open communication areas, fl exibility for spa-
tial and functional change, maximizing the utility of vertical sur-
faces, and incorporating a greater sense of user control 
throughout the workspace.

Nearly 35 years later, Ayse Birsel’s Resolve offi ce system 
(Figure 2.46) reestablished the success of Herman Miller’s origi-
nal offi ce system by expressing new ideas about spatial fl exibility 
and individual control over one’s environment. Resolve utilizes 
geometries based upon 120-degree angles that create inviting, 
attractive, space-effi cient, and open workstations. The system is 
composed of vertical poles of various heights and tiered support 

trusses that manage power and defi ne space. The shape and size of 
the horizontal work surfaces, used for writing and working, can best 
be described by extending one’s arm out in front and sweeping it 
from side to side. It has high recycle content and offers supporting 
products that include canopies, specialized work surfaces, and light-
ing fi xtures.

Recreational Furniture: Play, Leisure, and Outdoor 
Furnishings

Play and Leisure
Poker tables, foosball tables, and Ping-Pong™ tables are equip-
ment and gaming furniture designed for leisure and play. Concepts 
of health, safety, and welfare have transformed the landscape of 

recreational gaming. Today’s furnishings are safer than before, minimizing the risk of 
injury and limiting exposure to liability. Many foosball tables have telescoping rods 
(Figure 2.47). Some swings and play equipment are now made from recycled plastic and 
rubber synthetics, and many game tables have materials and decorative fi nishes that 
emit fewer VOCs.

Outdoor Furnishings
A signifi cant percentage of outdoor furniture is manufactured from exotic hardwoods 
such as teak, jarrah (from Australia), or ipe (Figure 2.48) and maintained yearly with an 
ultraviolet (UV) protecting and penetrating oil or allowed to develop a patina of a natu-
ral silver-gray color. Other woods that perform well outdoors include redwood, cypress, 
cedar, and mahogany. Urban, forested lumber is a sustainable choice for outdoor furni-
ture in public places. (Figures 2.49, 2.50, and 2.51).

Aluminum is a popular metal for outdoor furniture because it is lightweight and weath-
ers well. Water-resistant m aterials and fabrics are used to improve comfort where the metal 
comes in contact with the body (Figure 2.52).

Figure 2.46 Resolve-propeller application, DOT on rolling screens, 
poles support arms and tool rails, metallic silver fi nish, designed by 
Ayse Birsel (1999), manufactured by Herman Miller. Photography 

by Jim Powell. Courtesy of Herman Miller, Inc.

Figure 2.47 Foosball table with telescoping rods manufac-
tured by Bonzini. Photography by Jim Postell, 2004.
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Figure 2.48 Outside lounge seating along NYC’s 
Highline (2009). Assembled boards of ipe lumber form 
rolling, outdoor lounge seating located along the 
raised walkway. Photography by Jim Postell, 2011.

Figures 2.49 Outdoor adjustable seating, designed by Travis Wollet 
(2003). Made from urban, forested lumber for Roselawn Community 
Park in Cincinnati, Ohio. Image by Travis Wollet, 2003.

Figure 2.50 Outdoor adjustable seating. Lumber for the benches 
came from trees felled and sawn by the Cincinnati Park Board. Image 

by Travis Wollet, 2003.

Figure 2.51 Drawing indicating the transformable properties of the 
outdoor seating, designed by Travis Wollet (2003). Image by Travis 

Wollet, 2003.

Figure 2.52 Outdoor, Chaise Lounge (model 715 RO). Designed by Richard 
Schultz (1961). Manufactured using plastic-coated steel wire and canvas-
covered polyurethane foam, by Knoll Associates, New York. Photography 

by Jim Postell, 2011.
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The classic aluminum folding lawn chairs of the 1950s and the wooden 
director’s chairs of the 1970s are precedents for many contemporary folding 
chairs used today for camping and watching outdoor sporting events 
(Figure 2.53).

The Adirondack chair is a generic type of chair often used in rural outdoor 
settings. It was named after the Adirondack region of northern New York. 
Thomas Lee is credited for designing the precursor to the Adirondack chair in 
1903, using eleven pieces of wood cut from a single board. The chair had a 
straight back and seat with wide arms. His friend Harry Bunnell, who was 
a carpenter from Westport, New York, fabricated the chair design for Mr Lee. 
Shortly thereafter, in 1905 Mr. Bunnell applied for and received a patent for 
the design and began producing “Westport plank chairs” made of hemlock 
for the next 20 years.

Roto-molded polyethylene (PE) furnishings are ideal for outdoor use. The 
material is lightweight, comfortable, and weathers well. Generally, however, 
outdoor furnishings made of polyethylene are bulky and rarely are designed 
to fold.

Religious (Liturgical) Furniture: Altars, Arks, and Minbars

Religious environments and the practice of unique rituals require specifi c furnishings. 
Liturgical furniture is determined by collective ritual practices that help structure how a 
given set of people worship together. A summary has been drawn up of the similarities and 
differences among three major religions as experienced in Catholic, Jewish, and Islamic 
places of worship.

Catholic Church Furnishings
The altar, ambo, ambry, cantor stand, credence table, gift table, ossuary, presider’s 
chair, processional cross, and tabernacle are standard liturgical furnishings within a 
Catholic church.10 These furnishings are typically conceived as a suite. Liturgical guide-
lines for the Catholic furnishings illustrated in this section were based upon Environment 
and  Art in Catholic Worship, published by the National Conference of Catholic 

Bishops (1978).
The altar is a focal point for the celebration of the 

mass. It is located in the midst of the people who gather 
to receive the Eucharist. The form and location of the altar 
shown in Figure 2.54 maintain its liturgical focus and 
accessible ideal position in space.

Originally, the ambo was conceived as a raised platform 
located in the nave of Greek Orthodox churches, marking 
the place to stand and read the Gospel or the Epistle.11 
Today, it is comparable to the altar in the liturgical setting 
since the fi rst part of the liturgy centers on the word of 
God. In recent years, accessibility has become increasingly 
important in liturgical furnishings. The ambo shown in 
Figure 2.55 responds to the challenge of incorporating 
accessible and universal design directives in new liturgical 
furnishings.

Figure 2.53 Classic outdoor, aluminum folding 
chair. Photography by Craig Vogel.

Figure 2.54 Altar at Saint Francis of the Providence of God, motherhouse 
chapel, Pittsburgh, Pennsylvania (1994). Photography by Jim Postell, 1994.
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The Eucharistic chapel is a unique space in a Catholic 
church, which houses the tabernacle and sacramental 
candle. The Eucharistic chapel can be spatially partitioned 
by an iconostasis screen from the assembly area. The 
sacramental candle is located close to the tabernacle and 
is always lit (using a seven- or eight-day candle) and serves 
as a sign that Christ is present. The tabernacle contains a 
ciborium (a container for the bread used in the mass) and 
host. Though traditionally opaque, the tabernacle for 
Saint Charles Borromeo Catholic Church in Kettering, 
Ohio, displays the ciborium through its tempered glass 
and cherry wood frame (Figure 2.56). In addition to the 
celebration of the liturgy, people may be invited to vigil in 
the Eucharistic chapel for private silent prayer. For these occasions, prie-dieux kneelers 
are used.

Holy oils are among the most highly revered sacramentals of the Catholic Church and 
are stored in an ambry. Recently, the holy oils have become more visibly prominent in the 
Catholic Church. The ambry shown in Figure 2.57 displays and secures the holy oils and is 
located close to the baptismal font.

Baptismal fonts are liturgical furnishings that are either portable or physically incorpo-
rated into the architecture. They are often located near the entry, in a gathering area, or 
placed on the sacramental platform along with the altar and ambo. They are used periodi-
cally and serve an important function in the church.

Figure 2.55 Accessible ambo with retractable bookshelf, shown in closed 
and opened positions (1999). Photography by Jim Postell, 2000.

Figure 2.56 Tabernacle at Saint Charles Borromeo 
Catholic Church, Kettering, Ohio (1993). Photography by 

Jim Postell, 1993.

Figure 2.57 Ambry at Holy Family Catholic Church, 
Poland, Ohio (2000). Photography by 

Jim Postell, 2002.
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Synagogues
Reform and Orthodox Jewish synagogues are liturgically similar, as 
are their furnishings. The ark is the most important liturgical furni-
ture in a synagogue. It refers to the Ark of the Covenant, where the 
word of God was kept safe during the time of Moses. The ark is 
also called the Crown of the Torah.12 Freestanding and built-in arks 
(Figure 2.58) contain Torah scrolls and are located close to the ner 
tamid (all-burning light). The interior of the ark is illuminated and 
often screened (by a veil or glass) so that the Torah scrolls are not 
visually prominent during the service.

The Torah table usually has a canted surface in order to read the 
Torah. The size of the Torah table is generally large enough to 
accommodate a Torah scroll and up to four people gathered around 
it. A reading table or lectern is used for reading a book, singing, or 
speaking. Liturgical pieces are located on the bima (a raised plat-
form). The bima spatially defi nes the functions of worship and indi-
rectly guides the layout of the assembly seating for regular services 
and High Holy Days (Figure 2.59).

Furniture in a Mosque
Within a mosque, the mihrab, minbar, and prayer rug are liturgical 
elements designed for worship. The minbar is a high pulpit, an 
elevated structure from which the khutba (an Islamic sermon) is 

given during Friday communal prayers. It is located in front of the assembly. Metaphoric 
elements are typically incorporated in the minbar and include a gate, ascending steps up 
to heaven, portal, and open door.13 The minbar (Figure 2.60) is located near the mihrab 
(Figure 2.61), a niche indicating the direction of Mecca.

Figure 2.58 Ark at the Plum Street Temple, Cincinnati, Ohio 
(1866). Photography by David Lee Smith, 2005.

Figure 2.59 Chapel and bima at the 
Isaac M. Wise Center, Cincinnati, Ohio 
(2005). Photography copyright © 

Scott Hisey, 2005.
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Individuals pray using a prayer rug (Figure 2.62). It provides a clean, fl at sur-
face on which to submit oneself to Allah while praying on one’s knees and hands. 
During the call to prayer, prayer rugs are oriented toward the mihrab. Chairs are 
not used in a mosque.

Residential Furniture: Social Gathering, Resting, 
Dining, and Organizing

A home can be considered an organized closet, shaped by personal possessions and 
members of a family. Residential furniture provides the basic necessities of dwelling 
and includes freestanding and built-in furnishings that help meal preparation and 
dining, the organization of possessions, social gathering, work, rest, and play.

Architects Charles Rennie Mackintosh (1868–1928) and his wife, Margaret 
MacDonald (1864–1933), designed the interior spaces, furniture, millwork, and 
textiles when they designed Hill House in Helensburgh, Scotland (Figure 2.63). 
The ladder-back chair in the bedroom is ebonized ash. The location and orienta-
tion of the furnishings throughout the house are site specifi c, complement the 
architecture, and complete the interior spaces.

A place to sleep is an important component of a home. Beds can be built-in or freestand-
ing. They can stack vertically upon one another as bunk beds do, or they can be designed 
as low beds on casters that can be rolled out from or into another, as a trundle bed. Canopy 
beds were popular in many large homes from feudal times to the early 1900s (Figure 2.64). 
Most canopy beds were fabricated out of wood and had draperies that could be closed for 
privacy and warmth. Canopy beds can be considered rooms within rooms that enclose space 

Figure 2.60 Minbar and mihrab, Rustem Pasa, Istanbul, 
Turkey. Photography courtesy of Library of Congress, 

Prints & Photographs Division, Reproduction No. 03037u.

Figure 2.61 Mihrab, New Valide Mosque, Üsküdar, Turkey. 
Designed by architect Kayserili Mehmet (1710). Photography 

courtesy of Inci Ilgin.

Figure 2.62 Prayer rugs. Photography by 

Jim Postell, 2006.
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within a space. Defi ning space in a fi gural man-
ner is distinct from creating and working with 
open space. Many of today’s platform beds (such 
as the Maly bed shown in Figure 2.65) emphasize 
horizontal lines and are designed to complement 
open, contemporary spaces.

Cots and stretchers serve as portable and 
folding structures for rest and sleep when con-
ventional beds are not available. The portable 
stretcher shown in Figure 2.66 is made of wood, 
canvas, and galvanized hardware. Cots are versa-
tile furnishings used for camping, natural disaster 
relief, and temporary bunking.

Dining is often considered the social activity 
in a home. While most furniture designed for 
dining is focused on adult use, children require 
special attention. High chairs are used to provide 

safe access for the young when eating (Figure 2.67). Originally produced from wood and 
rigid in structure, today’s chairs are often adjustable, easy to clean, durable, and made of 
molded plastics. The best designs offer support for the infant’s feet.

Organizing
In Western societies, storage units and shelving systems have become necessities of con-
temporary life. Even in hotel rooms (homes away from home), storage units and shelving 

Figure 2.65 Maly platform bed (2006), manufactured by Ligne Roset. Photography by 

Bernard Langenstein. Courtesy of Roset USA.

Figure 2.63 Bedroom furnishings at Hill House, designed by 
Charles R. Mackintosh and Margaret MacDonald (1903–1904), 
Helensburgh, Scotland. Photography by Jim Postell, 1984.

Figure 2.64 Canopy bed in the State Bedroom, designed by Robert Adam 
for Osterley Park (1775–1776) Middlesex, England. The posts of the bed are 
made of satinwood, painted with black and green stripes and lines of bell-
fl owers; the plinths are inlaid; and the capitals are of gilt 
metal.14 Photography by Patrick Snadon.
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systems are desired amenities. Architect Arne Jacobsen incorpo-
rated built-in and freestanding furniture in the guest rooms he 
designed when he worked on the Radisson SAS Royal Hotel in 
Copenhagen, Denmark. Room 606 is preserved today exactly as 
it was originally designed in 1958 (Figure 2.68). The furnishings 
in the softly carpeted room include wall-mounted storage cabi-
nets, built-in modular desks, sliding wall-mounted luminaries, 
open shelves, and freestanding chairs. The built-in desks are 
used to organize personal items and are accessible by raising 
their tops.

Kitchen Furnishings
Kitchens are places where meals are prepared and shared, equip-
ment and food are stored, and people gather. Cabinets, counter 
spaces, built-in storage units, pantries, pie safes, tables, chairs, 
and stools serve pragmatic purposes and express cultural values. 
Contemporary American kitchens are generally open spaces with 
built-in counters, cabinets, and equipment integrated into the 
perimeter of the space (Figure 2.69). Older kitchens are generally 
smaller spaces composed of freestanding equipment, cupboards, 
tables, and chairs (Figure 2.70).

Figure 2.66 Portable outdoor stretcher. Photography by Jim Postell, 2006.

Figure 2.67 Highchair designed during the summer furniture 
workshop at the Danish Institute for Study Abroad (DIS) for the 
designer’s young daughter (2005). Note the adjustable seat and 
foot-rest for the user. Photography by Bjørli Lundin.

Figure 2.68 Built-in furnishings, room 606, Radisson SAS Royal 
Hotel, designed by Arne Jacobsen (1958), Copenhagen, 
Denmark. Photography by Jim Postell, 2006.
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Retail Furniture: Displaying, Storing, Transactions, 
and Sales

Retail furnishings should be fl exible, durable, and require low mainte-
nance, but above all else, they need to promote the sale of merchan-
dise. In addition to the design of product storage and display 
furnishings, the location, size, material, and form of cashwraps and 
reception areas should be considered carefully. Cashwraps and recep-
tion areas are places of communication and transaction (Figure 2.71). 
They incorporate equipment, computers, credit swipes, cash registers, 
supplies, merchandise, and people in their design. They attract and 
welcome customers, yet keep valuables secure from theft. Cashwraps 
and reception kiosks often function as sociofugal (outwardly oriented) 
spaces, and their location can help maintain an open line of sight 
throughout a retail environment.

Wall systems are used to display items for self-assistance and help 
promote the sale of merchandise. Typically designed as a system of 
components, wall units are often shallow in depth and serve as a back-
ground component to the surrounding retail space.

Figure 2.69 Contemporary kitchen (2005), with perimeter 
built-in and wall-mounted casework. Photography copyright © 

Scott Hisey, 2004.

Figure 2.70 Early 1900s kitchen (1924), a small space with freestanding fi xtures 
and equipment. Photography courtesy of Library of Congress, Prints & 

Photographs Division, Reproduction No. 3b46012u.tiff.

Figure 2.71 Retail cashwrap and reception area for 
a card shop, Connecker, Pennsylvania. Photography 

courtesy of Formica Corp.

c02.indd   46c02.indd   46 12/09/12   9:19 PM12/09/12   9:19 PM



Classifi cations Based on Social Use   47

Storage Furniture: Containing, Organizing, and Accessing

The signifi cance of a container is often related to the signifi cance of its 
contents. It is not surprising, then, that the quality and value of jewelry 
and other personal collections are expressed by the design and material 
of their containers. The design and fabrication of a fl at-fi le can express 
the importance of drawing equipment and paper supplies (Figure 2.72) 
by the quality of its workmanship. Hope chests (wedding chests) were 
made to store the dowries of young women, and often were personal-
ized and crafted with care. They were one-of-a-kind pieces that pro-
jected a narrative or allegory through form, material, ornamentation, 
or decoration (Figure 2.73). Though not strictly considered furniture, 
Japanese sake casks are remarkable for their craft and workmanship 
(Figure 2.74). The workmanship of these wooden casks reinforces 
the importance placed on the communal ritual of opening and con-
suming sake.

Storage and wardrobe furnishings (armoires) can be sizable. The con-
gregation at Viikki Church in Helsinki, Finland, had need for substantial 
coat storage, which easily could have overwhelmed the entry vestibule 
and gathering space of the church, designed by JKMM Architects in 
2005. Freestanding coat closets (Figure 2.75) were designed without 
fronts and backs to maintain lines of sight throughout the lobby area 
when not in use.

Shelving Systems
One of the intended purposes of shelving is to maximize accessibility to stored material (in 
most settings). Adjustability, structural integrity, visibility, and aesthetics are further design 
considerations. Shelving systems can be wall-mounted or freestanding. Typically, shelving 
systems are modular. Due to their large size, they can have a signifi cant infl uence on the 
experience and spatial composition of interior space (Figure 2.76).

Figure 2.72 Flat-fi le made of birch and purpleheart 
wood on wheels. Used to organize writing utensils, equip-
ment, and drawings. Designed and fabricated by Jim 
Postell (1988). Photography by Jim Postell, 1995.

Figure 2.73 Northern European hope chest. Painted wood with metal strapping and three 
locksets (ca. 1200). Photography by Jim Postell, 2006.

Figure 2.74 Japanese sake barrel (cask), made of 
bamboo with hand-applied calligraphy. Photography 

by Jim Postell, 2006.
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Figure 2.75 Open storage units designed by JKMM Architects (2005), for Viikki Church, Helsinki, 
Finland. Photography by Jim Postell, 2006.

Figure 2.76 Library shelving within the Bartholomew County Public Library, Columbus, Indiana. 
Designed by I. M. Pei (1969). Photography by Jim Postell, 2004.
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3
c h a p t e r

Form, Spatial Organization, 
and Typological Orders

THIS CHAPTER FOCUSES on the physical and spatial characteristics of furniture and is organized 
in three parts: Form, Spatial Organization, and Typological Orders.

FORM

Form constitutes the physical structure and spatial order of an entity; however, form is not 
a synonym for mass or three-dimensional volume. Music and poetry have structure as well 
as form. A drawing or sketch of a chair can express form just as a model of a chair might. 
When shape is governed by structural or cognitive consideration, it becomes form. We dif-
ferentiate form in our mind as we perceive the activity of sitting in a chair. The Circle chair 
designed by Hans J. Wegner (1946) is considered form because its shape characteristics are 
determined by the structure of sitting in conjunction with the conditions of the chair’s 
geometry (Figure 3.1).

Consider the applied forces that can infl uence form (i.e., moment, shear, compressive, 
tensile, and lateral forces) resulting from gravity, daily use, and live loads. Refl ect upon the 
sturdiness and strength that can be achieved by folding corrugated cardboard, as shown in 
Figure 3.2, or by the mechanical hardware in the Sciangai clothes stand designed by 
Jonathan de Pas, Donato d’Urbino, and Paolo Lomazzi (Figure 3.3). Think about how details, 
materials, form, hardware, and fabrication techniques help achieve structural integrity.

Periodic review of internal and external forces during design might help to develop a 
better understanding of how shear, moment, and lateral forces affect furniture. Quick study 
models and thoughtful, intuitive sketches can be helpful in considering applied forces in the 
early phases of design. Eventually, prototypes may need to be fabricated in order to test 
the structural integrity of a design. Furniture designers ought to be attentive to basic 
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Figure 3.2 Folded corrugated cardboard chair. 
Photography: Copyright © William A. Yokel, 2005.

Figure 3.3 Sciangai clothes stand, designed by 
Jonathan de Pas, Donato d’Urbino, and Paolo 
Lomazzi (1973), manufactured by Zanotta. 

Photography by Jim Postell, 2006.

Figure 3.1 Circle chair, designed by Hans J. Wegner (1946), fabricated 
using oak and halyard (fl ag-line) by PP Møbler. Photography: courtesy of 
Erik Skoven, in proxy for PP Møbler.
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engineering principles throughout the design process and aware of concepts such as defl ec-
tion, creep, and load failure as materials and dimensions are determined.

Material selection and fabrication technique will infl uence form. Inversely, form can 
inspire the appropriate use of materials and fabrication processes. The natural fi gure and 
grain in wood inspired George Nakashima’s handcrafted furniture (Figure 3.4). The inter-
locking laminated and formed plywood components give 
order to Kristian Vedel’s children’s furniture, designed in 1957 
(Figure 3.5).

Verner Panton’s stackable, free-form Panton chair (Figure 3.6) 
expresses the dynamic, fl uid potential of rigid, injection-molded 
polyurethane in one piece. Originally formed from molded 
Baydur or hardened foam, technological advancement made in 
thermoplastics allowed re-edition in propylene in 1999 in red, 
black, blue, white, and yellow colors. It was the fi rst chair made 
from a single material using the injection mold technique in a 
single form.

Form is infl uenced by the purposes it serves. In a chair or 
stool, the fundamental purpose may seem clear, yet there are 
many ways that people sit. This is evident in the wide spec-
trum of sitting devices available, ranging from infl ated ther-
apy balls to the upholstered settees of the Victorian period.

Consider the profi le sketch of a laminated chair designed by 
Erik Krogh and the unfolding geometries that result from a study 
of the chair’s kinetic characteristics (Figures 3.7 and 3.8). The 
laminated plywood is staggered in an incremental manner, 

Figure 3.4 Conoid chair with an English walnut seat and hickory 
spindles, designed and crafted by George Nakashima (1960). 
Photography by Jim Postell, 2005.

Figure 3.5 Children’s furniture series, designed by Kristian Vedel (1957), 
fabricated and assembled using formed plywood. Photography by 

Jim Postell, 2006.

Figure 3.6 Stackable Panton (or “S”) chair, designed 
by Verner Panton (1959–1960), manufactured by 
Nienkämper. Photography by Jim Postell, 2006.
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which, along with its profi le, creates a synthesis 
between the form or the chair, the desire for 
body movement, appropriate body support, and 
upright body posture.

Sit in a Mirra chair (Figure 3.9) designed by 
Studio 7.5 (2003) for Herman Miller, and expe-
rience the various body postures and range of 
body movement allowed by the chair’s active 
and passive adjustments. The backrest is a fl ex-
ible, contoured, perforated panel of plastic 
held at four points by extensions of the back-
rest spine. The depth of the Mirra chair can be 
adjusted by raising or lowering the seat assem-
bly, using a handle located below the seat. 
Experience the rocking motion in one of Ron 
Arad’s roto-molded polyethylene lounge chairs 
(Figure 3.10). These unique seating pieces inte-
grate an anticipated experience with advanced 
technical fabrication processes, ergonomic 
consideration, social use, and aesthetics.

Figure 3.9 Mirra chair with Meridian lateral fi le and Action Offi ce 
2 system. The Mirra chair was designed by Studio 7.5 (Claudia Plikat, 
Burkhard Schmitz, Nicolai Neubert, Carola Zwick, and Roland Zwick) in 
2003. Produced by Herman Miller. Photography by Craig Duggan/

Hedrich Blessing. Courtesy of Herman Miller, Inc.

Figure 3.8 Laminated plywood chair, designed by Erik Krogh. Photography 

by Jim Postell, 2006.

Figure 3.7 Drawing study of movement and space. Drawing by Erik Krogh.
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Furniture can create personal (private) and communal (public) space. Personal space is 
experienced in the MetroNaps pod, created in 2004 by MetroNaps. The reclining pod 
offers users a semiprivate space and invites quiet and individual repose (Figure 3.11). The 
MetroNaps pod is a personal place to recharge the mind and body—ideally situated for 
use in stressful environments such as airport terminals. In a different manner altogether, 
the arrangement of desks and chairs organized in a circular pattern in a town hall 
expresses the political ideal of individuals working together. The spatial order constitutes 
a collective and communal space (Figure 3.12).

Figure 3.12 Tables and chairs 
arranged in a circular pattern, 
Town Hall in Århus, Denmark.  
Photography by Julia Bryan.

Figure 3.10 Roto-molded MT3 rocking lounge seating, designed by Ron 
Arad (2006). Photography by Jim Postell, 2006.

Figure 3.11 MetroNaps pod—side view. Photography: Nathan Sayers 

for MetroNaps.
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Figure 3.15 Nintendo Power, 
designed and fabricated by Jim 
Postell (1990). Photography 

by Jim Postell, 1990.

Figure 3.16 Coffee table, designed by Isamu 
Noguchi for Herman Miller (1947). Made with a plate 
glass top and solid walnut base. 50 inches wide; 36 
inches deep; 15¾ inches high (127 cm wide; 91.5 cm 
deep; 40 cm high). Photography by Phil 

Schaafsma. Courtesy of Herman Miller, Inc.

Form results from the many ways of thinking about struc-
ture, materials, function, social use, and technical consider-
ations. Form also reveals measurable and spatial considerations, 
one of which is shape. Shape is dependent on descriptive 
geometry and in this section is organized into fi ve categories: 
angular, composite, curvilinear, orthogonal, and sectional/
modular.

Angular

All geometry is composed of points, lines, and planes. 
Canted, nonorthogonal and noncurvilinear geometries are 
referred to as angular. Gerrit T. Rietveld’s stackable Zig-Zag 
chair (1934) is visually dramatic due to the bold angular rela-

tionships between the chair’s support, seat pan, and seat back (Figure 3.13). The diagonal 
cantilever incorporates dovetailed, glued, and screwed joinery.

Composite

Furnishings that utilize two or more geometric systems, such as curvilinear and orthogonal, 
or two or more distinct materials such as stone and wood in one piece are considered com-
posite. The bent, welded, and chromed tubular steel frame in Marcel Breuer’s Model B32 
(Figure 3.14) is distinct from its black leather seat pan and backrest. Nintendo Power is a 
display and storage unit organizing the media and hardware for Nintendo’s original 8-bit 
gaming system. The geometry is entirely orthogonal, but the design is a composite of vari-
ous materials and components with iconic references (Figure 3.15). Isamu Noguchi’s coffee 
table is a composite of biomorphic-shaped wood supports and a curvilinear glass top 
(Figure 3.16). The shape of the glass top enables versatility for space-planning purposes.

Figure 3.14 Model B32, designed by Marcel Breuer 
(1928). Photography by Jim Postell, 2005.

Figure 3.13 Zig-Zag chair, designed and fabricated by Gerrit T. Rietveld, 
(1934). Photography: courtesy of John Stork.
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Curvilinear

Infl ated therapy balls (gym balls) are simple curvilinear 
forms (Figure 3.17). Gym balls have neither front nor 
side, unless implied by surface treatment, seams, or 
branding logos. They offer a practical, inexpensive, 
and healthful means of sitting.

Compound curves are curvilinear shapes that bend 
in two or more directions. Poul Kjærholm’s PK 9 is 
composed of a compound curved fi berglass seat cov-
ered with leather, with curved steel supports, as seen 
in the overlay drawings in Figure 3.18. The chair’s pro-
fi le created an exceptional challenge regarding its 
compound curve in order to apply leather to the 
chair’s form. The solution came about by making a 
fi berglass mold and applying the leather over the 
mold after getting the leather wet and stretch-fi tted 
over a wooden model. The leather then was applied 
to the fi berglass mold loosely to react to the shifting weight of the user. The side profi le was 
edged with a modest border on the chair’s backside. Designed between 1959 and 1961, 
the chair has been fabricated by Fritz Hansen since 1982 (Figure 3.19).

Figure 3.17 Circular forms—infl ated gym balls. Photography by Jim Postell, 

2006.

Figure 3.19 PK 9 chair designed by Poul Kjærholm (1959–1961), 
upholstered in leather over a fi berglass shell, supported by three 
brushed stainless steel legs. Photography by Jim Postell, 2006.

Figure 3.18 Drawing overlay of PK 9 chair, designed by Poul Kjærholm 
(1959–1961), manufactured by Fritz Hansen. Drawing by Mette McLean 

and Sigurdur Stefansson, DKDS students. Courtesy of Jens Overbye, 

Lecturer, DKDS, Copenhagen.
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Cesare Leonardi and Franca Stagi designed the Dondolo rocker in 
1967. It is made from molded fi berglass-reinforced polyester strength-
ened by incorporating ribbing, and has an unusual curvilinear shape, 
which relies on the posture and weight of the user to function properly 
(Figure 3.20).

Orthogonal

Orthogonal furniture is composed of rectangular geometric forms cre-
ated by lines, planes, and volumes positioned at 90 degrees to one 
another. Armoires, beds, buffets, shelving, and sofas are often orthogo-
nal due to their size, cost of fabrication, and spatial proximity to a wall. 
Donald Judd’s precisely crafted Baltic birch plywood box chairs (1991), 
shown in Figure 3.21, complement his lifelong artistic exploration of 
light, form, and order, which nearly always is expressed through orthog-
onal geometry.

Sectional/Modular

The terms sectional and modular are often used interchangeably, but note their distinction. 
Sectional furnishings are arrangements of components that can be organized in various 
ways. The components need not be similar or even proportional to one another. Modular 
furnishings rely on proportional correlations between components, having repeatable or 
geometric correlations between their parts, which may be arranged in a variety of ways. 
Sectional and modular furnishings are inherently fl exible, designed as a system of compo-
nents that can be assembled, disassembled, and very often reconfi gured (Figure 3.22). 
Shelving systems, offi ce workstations, lounge seating, and storage units are generally sec-
tional or modular.

Roberto Sebastián Antonio Matta Echaurren (1911–2002), better known as Roberto 
Matta was a painter from Chile who designed Malitte (1966–1968), a modular furniture piece 

Figure 3.20 Dondolo rocker, designed by Cesare Leonardi 
and Franca Stagi (1967), manufactured by Elco-Bellato. 
15¾ inches wide; 69 inches deep; 30¾ inches high (40 cm 
wide; 175 cm deep; 78 cm high). Photography: copyright 

© William A. Yokel, 2005.

Figure 3.21 Computer rendering of two Baltic birch plywood chairs 
designed and fabricated by artist Donald Judd (1991). Digital model 

by Carly Snyder.

Figure 3.22 Sectional seating arrangement—lobby area, Simmons Hall, 
Massachusetts Institute of Technology. Photography: courtesy of Benjamin 

Meyer, 2005.
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(Figures 3.23 and 3.24). Malitte is comprised of fi ve individually upholstered components, 
each of polyurethane foam covered in fabric. The piece can be composed as a square shape 
(62 inches [157.5 cm] high, 64 inches [162.5 cm] wide, and 25 inches [63.5 cm] deep) or 
arranged as four seating components on the fl oor with a central oval piece that functions as 
a stool or table.

Music Machines is an ensemble of four furniture pieces designed to organize a variety 
of components and media (Figures 3.25 and 3.26). Two custom-fabricated speakers, a stor-
age unit for records and CDs, and another unit that organizes stereo components were 
designed as an ensemble, interconnected and interrelated with one another. The pieces 
were fabricated of 1/8-inch-thick laminated birch plies, cherry hardwood, and neoprene 70. 
The storage and display units incorporate wheeled casters. The design utilizes modular 
components, internally arranged and externally expressing parts of a larger whole.

Figure 3.23 Malitte composed in a square form. 62 inches high; 64 
inches wide; 25 inches deep (157.5 cm high; 162.5 cm wide; 63.5 cm 
deep). Designed by Roberto Matta (1966–1968). Photography: 

courtesy of Cincinnati Art Museum (Change of Pace Exhibit, 

October 4, 1975–January 4, 1976).

Figure 3.24 Malitte, arranged as fl oor-supported lounge seating. Designed by Roberto Matta 
(1966–1968). Photography: courtesy of Cincinnati Art Museum (Change of Pace Exhibit, 

October 4, 1975–January 4, 1976).

Figure 3.25 Music Machines, designed by Jim 
Postell (2002). Digital drawing by Eli Meiners.
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SPATIAL ORGANIZATION

Space is the medium that architects, designers, and artists use to compose form. Space and 
form are codependent. Without space, form would not exist, and without form, space could 
not exist. Think about the space between the fi xed elements of a chair. The next time you 
draw a chair, consider sketching the space between its parts. The exercise may help to better 
see the spatial structure of the chair’s composition. Try it!

Music can be expressed both graphically and spatially in an architectural manner, giving 
measure to the structure and rhythm of a musical composition. Similarly, the placement and 
orientation of furnishings give measure to the structure and rhythm of interior design. 
Spatial relationships exist between as well as within furnishings. Furniture designers should 
consider the following spatial relationships:

 � Spatial relationships between people and furniture
 � Spatial composition of furniture and interior space
 � Spatial relationships between various components of furniture
 � Spatial extensions based on the geometries of furniture

Plan diagrams, as shown in the overlay of the before-and-after plans in Figure 3.27, can 
appear abstract, but the exercise of thinking in terms of plan and section, while simultane-
ously thinking in terms of perspective, is important to practice. Designers draw in plan, 
section, elevation, and perspective, and must be able to communicate design ideas in a 
didactic as well as a representational manner. Throughout the design process, designers 
often switch from abstract to perceptual representation. To follow this point, the spatial 
organizations discussed in this section develop both an analytic and a perceptual under-
standing of some of the characteristics and principles that render spatial order. These include 
centralized, clustered, grid, linear, and radial organizations.

Figure 3.26 Music Machines—furniture for organizing 
records and CDs. Photography by Jim Postell, 2002.
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Centralized

Centralized spatial order draws focus toward the center of a space. The 
interior of Eero Saarinen’s chapel at the Massachusetts Institute of 
Technology relies on three elements to draw the visitor’s focus toward the 
center of the space: a built-in marble altar, a circular light lantern located in 
the chapel’s ceiling, and a full-height metal sculpture by Harry Bertoia cen-
tered above the altar and suspended below the lantern (Figure 3.28). The 
size, location, orientation, and surface articulation of these three compo-
nents, in concert with the dynamic effect of changing daylight brought into 
the chapel through the lantern above reinforce the chapel’s centralized spa-
tial typology.

A centralized space (or any specifi c spatial typology) is an experiential 
phenomenon that is infl uenced by many factors. Furniture, material, people, 
activity, acoustics, and lighting are variables that infl uence the perception of 
space. The existing centrality of the chapel shown in Figure 3.29 was made 
more pronounced in the renovation through the transformation of material, 
lighting, acoustics, and new furniture.

Figure 3.27 Furniture overlay—existing and proposed 
interior plans. Chapel, Sisters of Saint Francis, Tiffi n, 
Ohio. CADD by Jim Postell, 1999.

Figure 3.28 Centralized space—altar, suspended 
sculpture, and lantern at Kresge Chapel, Massachusetts 
Institute of Technology, designed by Eero Saarinen 
(1955). Suspended light sculpture by Harry Bertoia. 
Photography by Benjamin Meyer, 2005.

c03.indd   61c03.indd   61 12/09/12   9:22 PM12/09/12   9:22 PM



62   Form, Spatial Organization, and Typological Orders

Clustered

Clustered arrangements are apparent whenever a group of three or more elements (or axial 
orientations) share the same fi eld (Figure 3.30). Many offi ce systems are designed to enable 
a broad range of options regarding spatial layout. Offi ce systems such as the Action Offi ce 
series can result in clustered spatial arrangements when the layout of workstations and 
privacy screens is based on functional relationships as well as communication needs within 
the corporate culture. A clustered spatial organization based on public and private activities 
can appear random, even though substantial thought may have gone into its spatial 
arrangement.

Figure 3.29 Reinforcing a 
centralized space: before-and-
after plans, Isaac M. Wise 
Center, Cincinnati, Ohio, 2006. 
Photography by Jim Postell. 

Digital model by 

Steve Wethington.

Figure 3.30 Action Offi ce 
showing different work surfaces, 
designed by Robert Propst for 
Herman Miller (1968). Photography 

by Miles De Russey. Courtesy 

of Herman Miller, Inc.
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Open loft spaces are spatially partitioned by the location and orientation of furniture. 
Clustered arrangements of furnishings can create zones of activities, with each zone defi n-
ing a specifi c functional component of “home.” There is the private sleeping area, defi ned 
by the bed; the work area, shaped by offi ce furnishings and equipment; the social gathering 
area, composed of seating, a coffee table, and an area rug; the dining and kitchen area for 
meal preparation and consumption; and the recreation area, defi ned by chairs, television, 
computer, game table, or shelving for books. Space between clustered furnishings, when 
liberated from the confi nes of structural columns and wall partitions, can result in intersti-
tial space (in-between space).

Andrea Zittel’s A-Z Comfort Unit, shown in Figure 3.31, was conceived to accommodate 
and render a new social and formal typology of home furnishings for people who share 
space but desire privacy. The Comfort Unit challenges 
traditional notions of domestic space through a series of 
habitable and transformable pods designed for open, 
loft-type, and shared living environments.

Grids

Designers rely on grids and underlying templates in 
the development of formal and spatial organization. 
Grids are useful in transferring the order of an under-
lying spatial organization. The modular system shown 
in Figure 3.32 is along x, y, and z grid coordinates. The 
spatial layout of the offi ce desks in Figure 3.33 is 
based on a 5-foot (150 cm) orthogonal grid. 
Distinctions between grids can vary by measure and/
or geometric order.

Figure 3.31 A-Z Comfort Unit, 
designed and fabricated by 
Andrea Zittel (1994). Image 

courtesy of Andrea Rosen 

Gallery, New York, and 

the Cincinnati Art Museum. 

Accession No. 1995.13.1–5.

Figure 3.32 Orthogonal seating arrangement of granite blocks in various types 
and fi nishes at the Department of Architecture, Aalto University School of Science and 
Technology (TKK), Otaniemi, Espoo, Finland. Photography by Molly Storrs, 2008.
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Linear

Lines are made by connecting two or more points and generally are conceived as being 
straight (Figure 3.34), but they also curve, warp, and transform, as illustrated in Bookworm, 
designed by Ron Arad (Figure 3.35). Every line has an underlying spatial structure. The eye 
follows lines from beginning points to intersecting endpoints. Sinusoidal linear characteris-
tics are often expressed through the edges, seams, and planes of furniture. DU (Figure 3.36) 
integrates upright and reclining postures and relies on its sinusoidal edges and juxtaposing 
planar surfaces to visually express linear movement.

Figure 3.33 Orthogonal 
spatial arrangement of an offi ce 
environment. Photography 

courtesy of Steelcase.

Figure 3.35 Sinusoidal lines—Bookworm, designed by Ron Arad (1994), 
manufactured by Kartell using translucent thermoplastic. 126, 205, or 323 
inches wide; 7¾ inches deep (320, 520.5. or 820.5 cm wide; 19.5 cm 
deep). Photography by Jim Postell, 2003.

Figure 3.34 Linear organization of pews, The Chapel of the Holy Cross, 
designed by Pekka Pitkänen, (1967). Photography copyright © William 

A. Yokel, 2005.
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Radial

Sociofugal spaces are perceived as outward-oriented spaces. Sociofugal is a term coined 
by Edward T. Hall to describe the perception of space that radiates outward from an 
implied or marked center. The Tatlin settee is designed to visually orient users outward 
into space (Figure 3.37). Freely inspired by Tatlin’s Tower, the sofa has a molded spiral 
that radiates outward into space. The base of the sofa is made from multilayered wood, 
the supports are metal, and polyurethane foam padding is defi ned by an inner molded 
steel structure. Radial spaces are distinct from inwardly focused, centralized, sociopetal 
spaces.2

Figure 3.36 DU lounge seating, 
designed by Gülen Çevik and 
Jim Postell, (2004). Computer 

model courtesy of Eli 

Meiners.

Figure 3.37 Tatlin, designed by 
Roberto Semprini and Mario 
Cananzi (1989) (Diamond 
collection 2005). Manufactured 
by edra. Photography by 

Emilio Tremolada.
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TYPOLOGICAL ORDERS

Order results from the confl uence of ideas present in the conception and development of 
design. Furniture is nearly always movable, but not all furnishings are designed to move 
easily. Furniture can be stationary, but not all furnishings are mechanically attached to the 
fl oor, wall, or ceiling. Furniture can be adjustable, but not all furnishings are specifi cally 
designed to transform from one position into a different position. Most furniture can be 
taken apart, but not all furnishings are designed and distributed as knock-down or fl at-
pack. Generally, most furnishings are freestanding; however, not all pieces are seen and 
experienced in 360 degrees. Freestanding pieces can take advantage of a sculptural 
and dynamic quality inherent in the nature of form.

The typological orders determined in this book are distinguished by whether or not 
furniture is:

 � Flat-pack (Ready to Assemble, and Knock-Down)
 � Built-in / Stationary (casework)
 � Freestanding (case goods)
 � Infl atable
 � Transformable
 � Movable

Assembly Required (Ready-to-Assemble and Knock-Down)

Ready-to-assemble (RTA) furniture is distributed and sold in an unassembled state and 
assembled by the consumer. RTA furniture is also known as fl at-pack or knock-down furni-
ture. The Artek Company has produced a series of fl at-pack furnishings designed by Alvar 
Aalto. Most of Artek’s furniture is sold unassembled and shipped throughout the world (see 
Chapter 4).

The writing desk shown in Figure 3.38 was designed for easy disassembly and reas-
sembly so that the relatively large writing desk 
could fi t through a narrow doorway when disas-
sembled. The vertical Baltic birch panels and 
horizontal shelves are mechanically fastened to 
the underside of the writing desk using pins and 
dowels. The horizontal shelves and the curvilin-
ear shape of the top help stabilize the desk and 
resist the lateral forces generated by writing.

The Swedish furniture and accessory com-
pany IKEA sells unassembled, fl at-pack furniture 
and controls expenses in getting products to 
market by having customers shop at large distri-
bution outlet centers located throughout the 
world. The company’s global success is due in 
part to their unassembled, fl at-pack furniture, 
which signifi cantly helps to control distribution 
costs and thereby passes the savings on to its 
consumer.3

Figure 3.38 Knock-down writing desk, designed and fabricated by Jim Postell 
(1989). Photography by Jim Postell, 1999.
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Built-in/Stationary

When built-in furniture is carefully inte-
grated with its surrounding space, it can 
enhance the continuity of the architec-
ture. Built-in casework and millwork 
require on-site installation and mechani-
cal attachment to a fl oor, wall, or ceiling. 
In these situations, designers must con-
sider ways in which relatively imperfect 
or irregular existing conditions will 
receive precisely fabricated elements. 
Reveals, shims, and scribed edges must 
be incorporated in the design of built-in 
casework. Plaster and wallboard parti-
tions are rarely fl at. Floors and ceilings 
are seldom level. What lies behind inte-
rior surfaces is often a mystery. In addi-
tion, the placement of built-in millwork 
and stationary furnishings are critical in 
regard to their impact on the circulation of the surrounding space, as illustrated in the 
built-in study carousels of Exeter Library designed by the architect Louis Kahn 
(Figure 3.39).

Wall-mounted panels and cabinets attached to interior partitions are generally sup-
ported by French cleats, which are interlocking hardware devices—one applied to the panel, 
the other secured to the wall. French cleats are conventional means of supporting heavy 
wall-mounted panels, cabinets, and display systems.

Freestanding

Most furnishings are freestanding, but relatively 
few are designed to be experienced in the round. 
Beds, couches, case goods, and rectangular 
tables are often placed against a wall or next to 
other furnishings. Coat racks and video shelving 
units are typically located in corners. However, 
lounge seating, dining, conference, and coffee 
tables are designed to be experienced from mul-
tiple directions.

Finn Juhl’s leather Chieftain chair (1949), 
Troels Grum-Schwensen’s Waterlily seating 
(2003), and Poul Kjærholm’s dining table PK 54 
(1963) are designed to be experienced in the 
round. Juhl’s comfortable lounge is as attractive 
from the back as it is from the front or side. In 
his own modest home, the upholstered chair 
can be seen from all sides (Figure 3.40). 

Figure 3.39 Built-in study carousels at Exeter Library, designed by Louis Kahn (1967). 
Photography copyright © William A. Yokel, 2005.

Figure 3.40 Chieftain lounge chair in Finn Juhl’s residence, Copenhagen, Denmark. 
Designed by Finn Juhl (1949), fabricated by Niels Roth Andersen. 38½ inches wide; 37½ 
inches deep; 36½ inches high (98 cm wide; 95 cm deep; 93 cm high). Photography by 

Jim Postell, 2006.
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Grum-Schwensen’s Waterlily seating is a sectional module seating design that works well 
in a large lobby space or museum setting. Its modular nature and curvilinear form comple-
ment its versatility of use and fl exibility in arrangement (Figure 3.41). The circular forms 
contribute to its sculptural presence, making it an ideal choice in large, open spaces. 
Kjærholm’s PK 54 is an expandable circular dining table that needs suffi cient space for the 
extensions (Figures 3.42 and 3.43). The circular fl int-rolled marble table with maple wood 
extensions complements the orthogonal steel frame of its base, resulting in a circular and 
freestanding form that relates well to orthogonal elements in a room.

Infl atable
Waterbeds, infl atable air mattresses, therapy balls, and beanbag chairs are internally “fi lled” 
and externally “sheathed.” The Blow armchair (Figure 3.44), designed by Jonathan de Pas, 
Donato d’Urbino, Paolo Lomazzi, and Massimo Scolari (1967) for Zanotta, was one of the 

fi rst commercially produced furniture products that 
relied on a thin membrane of clear polyvinyl chloride 
(PVC), low-voltage weld-seams (using radio frequency), 
and air. Lightness, transparency, and low price (initially 
$20) contributed to the arm chair becoming an icon of 
the late 1960s.

Infl ated therapy balls have gained popularity due to 
their versatility and the body movement experienced 
through their use. Inflated furnishings are often 
designed for temporary uses and can be made compact 
for easy storage or transport when required. Some 
infl ated furnishings utilize heat-activated expanding gas 
or air-activated expanding foam, while others depend 
on rapid infl ating and defl ating techniques, cellular sub-
structures, and integrated components designed to 
improve the support and experience of the user.

Figure 3.41 Waterlily, designed by Troels Grum-Schwensen (2003), 
 manufactured by Globe Furniture A/S, Denmark. Photography courtesy of 

Globe Furniture A/S, Denmark.

Figure 3.43 Maple extending leaves (PK 54A) for PK 54, designed by Poul 
Kjærholm (1963), manufactured by Fritz Hansen. Photography by Jim 

Postell at the exhibition Poul Kjærholm—Furniture Architect, curated 

by Michael Sheridan, with permission from Susanne Hartz, Head of 

Press, Louisiana Museum of Modern Art, Humlebæk, Denmark.

Figure 3.42 PK 54, designed by Poul Kjærholm (1963), manufactured by Fritz 
Hansen. Photography by Jim Postell at the exhibition Poul Kjærholm—

Furniture Architect, curated by Michael Sheridan, with permission from 

Susanne Hartz, Head of Press, Louisiana Museum of Modern Art, 

Humlebæk, Denmark.
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Mechanical (Transformative Pieces)

Mechanical joinery can allow furniture to transform into different shapes, as shown in the 
American drop-leaf table (Figure 3.45). The classic American colonial chair-table was an 
armed chair resembling a throne with a pivotal back that could easily convert to a table 
(Figure 3.46). This idea inspired Zabro, designed by Alessandro Mendini in 1984, and manu-
factured by Zanotta (Figure 3.47).

Figure 3.44 Blow armchair, 
designed by Jonathan de Pas, 
Donato d’Urbino, Paolo Lomazzi, 
and Massimo Scolari (1967), 
manufactured by Zanotta. 
Photography by Jim Postell, 2006.

Figure 3.45 American drop-leaf table, 1815–1830. Courtesy of Cincinnati 

Art Museum. Centennial Gift of Mr. and Mrs. Carl Bimel, Jr., in memory 

of Mrs. Carl Bimel, Sr. Accession No. 1981.471.

Figure 3.46 Chair-table, fabricated in the New York area out 
of maple and oak during the mid-1700s. Photography by Jim 

Postell, 2011.
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Figure 3.47 Zabro chair-table, designed by Alessandro 
Mendini (1984) for Zanotta. Photography by Jim 

Postell, 1990.

Figure 3.48 Bureau Mécanique, designed and fabricated by Giovanni Socci 
and Sons (1820). Photography by Jim Postell, 2011.

Giovanni Socci and Sons fabricated a transformable Empire-style mechanical study. The 
piece was fabricated in Florence, Italy, around 1820 (Figure 3.48). It transforms from a 
closed, well-defi ned oval bureau into an open study, composed of a three-legged chair and 
writing table using a complex closure mechanism. The drawing board and inkwell holders 
located in front drop down, and the two sides slide to form the closed oval bureau.

It was common during the mid-1800s for inventors, designers, and engineers to apply 
for patents for their adjustable or mechanical furniture. Cevedra B. Sheldon received a pat-
ent for his adjustable folding chair in 1876, which was in line with other patent furniture at 
the time, during which mechanical furnishings reached their height in the last quarter of the 
nineteenth century. The patented folding chair shown in Figure 3.49 was manufactured by 
the Marks Adjustable Folding Company from 1877 to 1897. It is mechanically adjustable 
by the use of a side lever located on the seat rail. The chair was used as a lounge chair; for 
those who were ill, recuperating, or needed assistance; as a smoking chair; and even as a 
bed. Made of iron, walnut, cane, and upholstered fabric, the chair was advertised as “the 
king of all chairs.”

Remarkable for its craft and unique playful appeal is François-Xavier Lalanne’s Secrétaire 
Rhinocéros, completed in 1966. “Rhinocrétaire” is a life-size metal rhinoceros whose side 
components open up to double as a desk (the name itself being a pun, combining the French 
word for “rhinoceros” with the word for “writing desk,” sécretaire). The polished brass 
secrétaire, made with brass-plated sheet steel and leather has hinged doors that open and 
reveal seven interior storage compartments (Figure 3.50). It is a monumental sculptural 
effort of which three versions have been made (1964, 1975, and 1993).
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Figure 3.49 Adjustable folding chair, designed by Cevedra B. Sheldon (1876). 
Photography by Jim Postell, 2011.

Folding chairs, butterfl y tables, extending draw tables, and transformable cribs can 
transform from one state to another. The classic aluminum folding chair, the wooden folding 
director’s chair, and Trefoldestolen (Figure 3.51) are examples of remarkably simple furnish-
ings that physically transform for use, transport, and storage. The adjustable armchair 111 
Wink, designed by Toshiyuki Kita in 1980 and produced by Cassina, utilizes an internal sys-
tem of a welded steel armature; padded with Dacron fi berfi ll; covered in fabric, leather, or 
vinyl to transform its profi le, which enables one to recline close to the fl oor or sit upright in 
a conventional manner (Figures 3.52 and 3.53).

Figure 3.50 Secrétaire Rhinocéros designed and fabricated by François-
Xavier Lalanne (1966). Photography by Jim Postell, 2011.

Figure 3.51 Trefoldestolen, designed by Mogens Koch (1932), fabricated by Rud. Rasmussen, 
Denmark. Photography courtesy Malene la Cour Rasmussen and Jørgen Rud. 

Rasmussen. Rud. Rasmussen/Denmark.

Figure 3.52 Marker study of the adjustable armchair model 
111 Wink Lounge, designed by Toshiyuki Kita (1980), manufac-
tured by Cassina. 30¾ inches wide; 35–78¾ inches deep; 
31½–37½ inches high; 15 inches seat height (77.5 cm wide; 
90–200 cm deep; 80–95 cm high; 38 cm seat height). Marker 

drawing by student, School of Architecture and Interior 

Design, University of Cincinnati.
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Movable

Movement can enhance the function of furniture. Alvar Aalto’s Tea Trolley serving cart 
(1936) was designed to roll about easily (Figure 3.54). The large wheels are painted wood 
and are banded with rubber to reduce the noise caused by movement. Frank Lloyd Wright’s 
offi ce chairs produced for the S. C. Johnson Wax headquarters in Racine, Wisconsin (Figures 
3.55, 3.56, and 3.57), utilize casters to promote functional movement. The casters and 
bronze feet are interchangeable. The chairs were specifi cally designed to freely roll about in 
space at a time when many chairs of the same typology did not.

Figure 3.53 111 Wink Lounge, designed 
by Toshiyuki Kita (1980), manufactured by 
Cassina. Shown with a Marimekko slipcover. 

Photography by Jim Postell, 2006.

Figure 3.54 Wheeled Tea Trolley (Aalto 
Serving Cart), designed by Alvar Aalto (1936), 
produced by Artek. Natural birch, linoleum 
shelf, lacquered wheels; rubber thread bands. 
35½ inches wide; 19¾ inches deep; 22¼ 
inches high (90 cm wide; 50 cm deep; 56.5 cm 
high). Photography copyright © William A. 

Yokel, 2005.

c03.indd   72c03.indd   72 12/09/12   9:22 PM12/09/12   9:22 PM



Typological Orders   73

Figure 3.55 Offi ce furniture designed by 
Frank Lloyd Wright, (1936–1939) for the 
S. C. Johnson Wax headquarters, Racine, 
Wisconsin. Made in Grand Rapids, Michigan, 
using steel and Formica. 84 inches wide; 
35 inches deep; 33¼ inches high (213 cm wide; 
89 cm deep; 84.5 cm high). Photography 

by Gerald R. Larson, 2005.

Figure 3.57 The “great room” of the administration building, S. C. 
Johnson Wax factory, Racine Wisconsin designed by Frank Lloyd 
Wright (1936–1939). Photography by Jack E. Boucher, 1969. 

Historic American Buildings Survey.

Figure 3.56 Offi ce chair, designed by Frank Lloyd Wright 
(1936–1939), made of steel, wood, foam covered in fabric, and with 
casters (originally manufactured by Metal Offi ce Furniture Co., now 
Steelcase, Inc.). 21½ inches wide; 20 inches deep; 34 inches high; 21 
inches seat height (54.5 cm wide; 51 cm deep; 86.5 cm high; 53 cm 
seat height). Photography by Gerald R. Larson, 2005.
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SUMMARY

The fi rst three chapters of this book have introduced concepts within furniture design, 
described aspects of function and social use, and have outlined characteristics of form, 
spatial organization, and typological orders related to furniture design.

Analyzing classifi cations of use and characteristics of form directs one’s thinking about 
furniture in terms of synthetic and semantic components. This process is helpful to intro-
duce a foundation of knowledge that can be synthesized into a more holistic 
understanding.

The furniture studies that follow in Chapter 4 build upon the ideas presented thus far. 
The background, tectonics, and ideas in the selected pieces are presented in a more com-
prehensive and integrated manner and underscore the importance of context, time, and 
place in furniture design.

ENDNOTES

 1. Edward T. Hall, The Hidden Dimension (Anchor Books, 1969). Hall coined the terms sociofugal 
and sociopetal in this book.

 2. Ibid.
 3. Kerry Capell, “How the Swedish Retailer Became a Global Cult Brand,” Business Week, November 

14, 2005, p. 96.
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4Furniture Case Studies
IN THIS CHAPTER, 25 furniture case studies are organized chronologically. Text descriptions, 
computer-rendered images, hand drawings, and photographs help present the context and 
background, tectonics, and aesthetics of the studies. The studies present ideas about sitting, 
working, storing, and partitioning space and present a spectrum of furniture types, fabrica-
tion techniques, and social-use examples within the broader spectrum of place and time.

As you read through the studies, refl ect upon the chronology and historical context in 
which each of the selected pieces were designed and fabricated.

OVERVIEW OF FURNITURE CASE STUDIES

700–400 BCE Greek klismos chair
1200–1800 European cassone, chest, coffer
1745–1750 French Rococo commode, by Jean Baptiste/J. B. Hedouin, stamped JME
1754 Chippendale chair, designed and fabricated by Thomas Chippendale
1855–1859 Café chair, Model No. 14, designed by Michael Thonet, manufactured by 

Gebrüder Thonet
1917–1918 Roadblauwe Stoel (Red-Blue chair), designed and fabricated by Gerrit T. Rietveld
1922 Blocs Screen, designed by Eileen Gray
1925 Wassily club chair, designed by Marcel Breuer, fabricated by Standard Möbel/

Lengyel/Knoll International
1928 Siège à Dossier Basculant (B301), designed by Charlotte Perriand, Pierre Jeanneret, 

and Le Corbusier, manufactured by Gebrüder Thonet, H. Weber, and Cassina
1932–1933 Stools 60/65, designed by Alvar Aalto, manufactured by Artek
1949–1950 Eames Storage Unit (ESU), designed by Charles and Ray Eames, produced by 

Herman Miller
1950 Antony chair, designed and produced by Jean Prouvé
1951 Wire side chair, designed by Harry Bertoia, produced by Knoll International
1968 Action Offi ce, designed by Robert Propst, produced by Herman Miller
1987 Ghost chair, designed by Cini Boeri and Tomu Katayanagi, produced by Fiam Italia
1991 Cross Check armchair, designed by Frank Gehry, produced by Knoll International
1993 Trinidad chair, designed by Nanna Ditzel, produced by Fredericia Stolefabrik
1994 Living Units, designed and fabricated by Andrea Zittel
1994 Aeron chair, designed by Don Chadwick and Bill Stumpf, for Herman Miller
1999 The Block, designed and fabricated by Erik Skoven
2000 Pathways, manufactured by Steelcase
2003–2004 Jimmy’s Buffet, designed and fabricated by Jim Postell, Janet Flory, Steve 

Wethington, and Matthew Cornell
2004 Knit chair, designed by Emiliano Godoy, GODOYLAB
2006 Araneae coffee table, designed by Greg Lewis, Pleat Design
2011 Vitrine Modular System, designed by Stephen Slaughter

c h a p t e r
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NEITHER A THRONE nor a stool, the klismos chair was unique in both 
form and social use and has been cited as the most characteristically 
Greek of all chairs.1 The klismos chair is both graceful and functional, 
combining comfort, simplicity, and elegance in one typological form 
whose proportions evolved over several hundred years. It is assumed 
to have been a relatively light chair, with a curved back and out-
wardly curved legs. It was easily portable. Gisela Richter referred to 
the klismos as “the chair with [a] back”2 because she considered it 
a throne for everyday use. Based on surviving representations on 
vases, paintings, and sculptural relief (Figure 4.1), the klismos chair 
is often associated with domestic life, depicting women who appear 
to be dining or seated comfortably.

From carefully executed depictions on vase paintings and 
other sources, it is possible to obtain a fairly clear idea about 
the design and fabrication of the klismos chair. The back and 
legs were generally plain, but their angle, proportion, and profi le 
varied. The back ended in a curved horizontal board at about 
the height of the shoulders and was supported by two or three 
uprights. The stiles and rear legs were made, as a rule, in one 
piece. This helped to achieve the fi ne, continuous curve of its pro-
fi le. The frame pieces of the seat were mortised into the legs with 
tenons or dowels. The tenons passed through the upright bars 
and sometimes protruded through the sides of the legs. Wood 
joints were held together with tenons (or dowels), hide glue, 
and nails. The seat frame was never higher than the top of the 
legs. Generally, the front legs terminated in pointed projections 
extending slightly above the seat frame. Drapery, fabric, animal 
hides, and pillows were placed on the seats (Figure 4.2).

The dimensions of the computer-rendered images (Figures 4.3 
and 4.4) are estimated and based on interpolated dimensions of 
the klismos chair: 36 inches (85 cm) high, 30½ inches (77 cm) 

deep, and 20 inches (51 cm) wide.3 Signifi cantly, no two klismos chairs were exactly alike. 
Each chair was a unique handcrafted creation.

The klismos chair marks a correlation between furniture design and the political ideol-
ogy of Greek democracy, expressing dignity and providing practical comfort to the individ-
ual user. The chair evolved over a period of 300 years into a remarkably well-proportioned 
design whose formal characteristics and elegant fabrication techniques have inspired many 
designers throughout history. It served as a precedent for Roman chairs and was resurrected 

Furniture: Klismos chair

Design: Greek craftsmen

Fabrication: Greek craftsmen

Context: Social democracy, craftsmanship, and proportional relationships

Date: 700–400 BCE

Figure 4.1 Gravestone of Hegeso—klismos chair, carved 
marble bas-relief, indicating a woman, seated on a klismos 
chair, taking a necklace from the jewel case held by 
a servant. National Museum, Athens, Greece, 
410 BCE. Photography: source unknown, 

National Museum, Athens, Greece.

c04.indd   76c04.indd   76 12/09/12   9:25 PM12/09/12   9:25 PM



Overview of Furniture Case Studies   77

as a source of inspiration for the French Directoire and 
English Regency styles during the 1800s. The painter 
and architect Nicolai Abildgaard fabricated a version 
of the klismos chair in 1800 when neoclassicism 
emerged as the dominant style throughout Europe. 
By that time, the United States was politically secure 
and found individual and expressive freedom in the 
Federal style, whose source of inspiration came from 
Greece. For a young, emerging democracy, the Greek 
ideal was the preferred standard on which to cultivate 
a new society.

Figure 4.2 Drawing of a klismos chair designed by N. A. 
Abildgaard, c. 1800. Drawing by Monica Hekk and Karin Hvidt, 
DKDS students. Courtesy of Jens Overbye, Lecturer, DKDS, 

Copenhagen, Interior Architect, MDD.

Figure 4.3 Computer rendering of a klismos chair—profi le 
view. Computer rendering by Matthew Althouse, 2006.

Figure 4.4 Computer rendering of a klismos chair—aerial view. Computer 

rendering by Matthew Althouse, 2006.
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COFFERS FIRST APPEARED in the 1200s as an ornamented chest with a substantial lock added 
for security purposes. The furniture type and form were quickly adopted by many European 
countries and adapted as a place to store family treasure. The word coffer is both a verb 
and a noun. As a verb, it comes from the action of putting money or valuables in a strong-
box. As a noun, it refers to a chest, box, supply, or store for keeping valuables or money 
safe, often belonging to a particular organization.

The cassone was a chest. It could be made small for storing jewelry, used for storage 
while traveling, or made large to serve as a wedding or dowry chest (Figures 4.5 and 4.6). 

Furniture: European coffer

Design: Unknown

Fabrication: Various techniques

Context: Middle Ages to Baroque (ornate workmanship, fabricated by special trades and 

guilds)

Date: ca. 1200–1800

Figure 4.5 An eighteenth-
century wedding chest, 
made with pine, brass, and 
iron. Photography by 

Jim Postell, 2011.

Figure 4.6 Corner detail. Photography by 

Jim Postell, 2011.
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Figure 4.8 Northern European Hope Chest. Painted wood with metal strapping and three locksets (ca. 1200). 
Photography by Jim Postell, 2006.

Figure 4.7 Italian cassone, c. 1460. Photography, courtesy of Cincinnati Art Museum. 

Gift of Mrs. Daniel H. Holmes in memory of Daniel H. Holmes. Accession No. 1933.9.

Traditional marriage chests were carved, gessoed, gilded, or painted to tell a story about 
the families of the couple being wed (Figure 4.7). They were typically produced in sets of 
two. One was fabricated for the bride and the other for the groom. They were quintessen-
tially mobile, traveling with the bride and groom to establish their new home. These dowry 
chests, which contained the bride’s dowry and the couple’s personal possessions, became 
principal interior furnishings and were displayed prominently in the home. This tradition 
was carried into the twentieth century as a hope chest to store household textiles and 
items, but it became more of a repository for symbolic or decorative memorabilia.
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COMMODES FIRST APPEARED at the beginning of the 1700s at the court of Louis XIV 
(Figure 4.9). The furniture type and form were quickly adopted by other countries and adapted 
to particular needs. The word commode comes from the French word commodité and the 
Latin word commodus—both of which mean “convenience.”4 The two-drawer commode 
illustrated in this study was typical, but later versions during the Regency period had 
three drawers.

The front of the commode was treated as a single element, and the visual distinction 
between the drawers and the frame was generally ignored. The compound curve that is 
apparent in cross-section is known as bombé, while the curves apparent in plan view are 
described as serpentine. The commode has a cambered form with a curved apron and 
high-curved supports. Decorative cast metal mounts made of bronze protect the feet of the 
legs. The commode has a continuous ¾-inch (2-cm)-thick, highly variegated marble slab as 
the top, which was typical of the commodes produced between 1745 and 1750. The com-
mode stands 38½ inches (96.5 cm) high (Figure 4.10).

During the French Rococo period, there existed a strictly controlled guild system for 
fabricating a wide variety of furniture, as shown in Figure 4.9. Ébénistes were makers of 
veneered furniture, menuisiers were makers of solid-wood furniture, fondeurs were mak-
ers of metal mounts, ciseleurs were makers of bronze chasing, vernisseurs were lacquer-
ers, marqueteurs were makers of marquetry, and doreurs were gilders. The commodes 
produced during the French Rococo period engaged a majority of these trade guilds, and 
the quality of their workmanship was remarkable (Figures 4.11 and 4.12).

Furniture: French Rococo commode

Design: Jean Baptiste/J. B. Hedouin

Fabrication: Craftsmen working in a variety of French guilds during the reign of Louis XV. Stamped JME

Context: French Rococo (ornate workmanship, fabricated by special trades and guilds)

Date: ca. 1745–1750

Figure 4.9 An eighteenth-century Louis XV oak-paneled 
room. Photography courtesy of Cincinnati Art Museum. 

Gift of Mrs. Herbert N. Straus. Accession No. 

1958.256.a-h.
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Figure 4.10 French commode by Jean Baptiste/J.B. Hedouin (1750), 
stamped JME (jurande des menuisiers—ébénistes)—front 
view. Photography by Jim Postell, 2006.

Figure 4.11 French commode by Jean Baptiste/J. B. Hedouin (1750), 
side corner. Note the compound curve and cambered form. Photography 

by Jim Postell, 2006.

Figure 4.12 French commode by Jean Baptiste/J. B. Hedouin 
(1750), corner detail. Photography by Jim Postell, 2006.
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BORN IN YORKSHIRE, England, in 1718, Thomas Chippendale was the son of a joiner (a person 
trained in woodworking and carpentry). The Chippendale chair was a generic design that 
could be customized in a number of ways to suit different clients. The eighteenth-century 
armchair could have had any number of carved back splats and various leg profi les incorpo-
rated into the design. It was renowned for its exquisitely carved decoration, cabriole legs, and 
elaborate chair backs (Figure 4.13). 

The Chippendale chair is a transitional piece designed at a time when furniture was shift-
ing from being designed and fabricated exclusively for the aristocracy to being marketed and 
produced for the upper middle class. Chippendale’s booklet The Gentleman and Cabinet-
Maker’s Director (fi rst published in 1754, and later in 1762) illustrated various household 
furniture designs that could be ordered and reproduced around the world (Figure 4.15). His 
notes and illustrations in The Director were explicit, citing limitations in the height of the seat 
backs, allowable variations in design for the front legs 
of the chairs, and upholstery guidelines for the seat 
pans (Figure 4.14). The Director was the fi rst published 
book that was devoted solely to furniture. It was sub-
scribed to by cabinetmakers, upholsterers, clients, and 
craftsmen and was widely infl uential. His overall work 
in furniture, and particularly his Chippendale chair, 

Figure 4.13 Chippendale chair (1754)—drawing modifi ed from Thomas Chippendale’s 
Director. Drawing scanned and modifi ed from The Director by Jim Postell, 2006.

Figure 4.14 Side chair (1760–1780), made 
in Boston from mahogany, oak, and maple. 
The craftsman who made this chair based the 
design on an English chair that was imported 
to Boston around 1750 and on the design 
plate from The Gentleman and 
Cabinetmaker’s Director. Photography 

by Jim Postell, 2011.

Furniture: Chippendale chair

Designer: Thomas Chippendale

Company: Chippendale

Context: Georgian period (an innovative design that allowed for a number of interchangeable 

carved parts)

Date: 1754–1780
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became synonymous with the highest quality of late-eighteenth-century 
furniture design (Figure 4.16).

All intersecting wood members were held together using mortise-
and-tenon joinery. The chair’s splats and the marlborough legs are sig-
nature components of the chair’s design. Thomas Chippendale was able 
to inventory a variety of splats and legs, which enabled quick delivery for 
the made-to-order chairs. French Rococo designs, as well as the interiors 
and furnishings of the Adam brothers, who had returned from Italy by 
1760, added inspiration to the carved pieces.

During the mid-1700s, the trade of upholsterer equaled that of cabi-
netmaker in importance. There were as many upholsterers as there were 
cabinetmakers, and many fi rms advertised doing both. The Chippendale 
chair depended on the careful integration of both trades. Made from 
hardwood mahogany discovered in Central and South America, the chair 
shown in Figures 4.17 and 4.18 is 39 inches high and 28 inches wide (100 
cm high and 71 cm wide).

Chippendale had a signifi cant reputation and infl uence on furniture 
design around the world. He was a good craftsperson, but also one of 
the greatest entrepreneurs and businessmen in furniture up to the mid-
eighteenth century. His work was sold around the world, and quickly 
became a status symbol, satisfying an acquisitive society.

Figure 4.15 Cover scan from Chippendale 
Furniture Designs: A Selection of eighty 
plates reprinted from The Gentleman 
and Cabinet Makers Director 1762. Scan 

by Jim Postell, 2006.

Figure 4.16 Study of a Chippendale-type chair. 
Drawing by Carsten Engtoft Holgaard, Torben 
Kragh Jøvrgensen, and Pia Nielsen, DKDS 
students. Courtesy of Jens Overbye, Lecturer, 

Interior Architect, MDD.

Figure 4.17 Computer rendering, Chippendale 
chair—front oblique view. Computer model by 

Nora L. Bauser.

Figure 4.18 Computer rendering, Chippendale 
chair—rear oblique view. Computer model by 

Nora L. Bauser.
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MICHAEL THONET (1796–1871) created the Austrian furniture company Gebrüder Thonet in 
Vienna in 1853 with his fi ve sons. The bentwood process of 1840, developed by Thonet, 
revolutionized the production of furniture. Almost immediately, the company experienced 
enormous success through the mass production of steam-bent and fl at-pack beech wood 
chairs. Le Corbusier selected the side chair Model No. 14 for inclusion in his infl uential 
Pavillion de l’Esprit Nouveau at the Paris 1925 Exposition des Arts Décoratif et Industriels 
Modernes. By 1925, it was the bestselling of all bentwood Thonet chairs. Between 1859 and 
1930, Gebrüder Thonet sold an unprecedented 50 million units of Model No. 14, (café chair) 
more than any other chair in the world up to that time5 (Figures 4.19, 4.20, and 4.21).

Originally designed for laminated wood production, the bentwood technique was uti-
lized because sea travel and exposure to the elements during transportation caused delami-
nation to occur. Steam bending required less work than laminating, and the chairs were 
more durable, given of the limitations of the glues available at the time. Using steam-bend-
ing techniques, the leg supports and seat back were made from solid beech wood and the 
seat frame was made from laminated wood. The seat pan was made from solid wood or 

Furniture: Café chair, Model No. 14

Designer: Michael Thonet

Manufacturer: Gebrüder Thonet (1853–1921)

Context: Steam-bent beech wood fabrication, mass production, and fl at-pack distribution

Date: 1855–1859

Figure 4.20 Café chair, front view. Photography 

courtesy of John Stork.
Figure 4.19 Café chair, rear oblique view. Photography 

courtesy of John Stork.
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woven cane. Model No. 14 was an ideal café chair for the coffeehouses and cafés emerg-
ing throughout Europe and America. It was called the Vienna chair after the Viennese 
coffeehouses, where it fi rst came into use. Coffeehouses were essential to Viennese social, 
intellectual, and artistic life, and the chair fi t perfectly in this social and cultural context.

The beech wood was steamed at 100 degrees Celsius until pliable and then bent into 
shape using clamps and cast-iron forms for 20 hours. Craftsmen worked carefully together 
to manipulate the wood into the desired shape. The chair was transported in parts and 
assembled at the point of delivery from six pieces of wood and assembled together with ten 
screws and two nuts, eliminating complex joints. Model No. 14 is 35½ inches (90 cm) high, 
16¾ inches (43 cm) wide, and 20¾ inches (52 cm) deep.6 It is elegant in its linear form and 
reductive in its shape. Lightweight and durable, its modest cost and fl at-pack distribution 
made it an ideal choice for hospitality and residential use throughout the world (Figure 4.22). 
A crate measuring one cubic meter could hold 36 dismantled chairs.

It was one of the fi rst pieces of furniture designed for all society rather than only for the 
wealthy. Conceived for mass production and fl at-pack distribution, Model No. 14 was far 
ahead of its time in form and in the direct use of materials. It embodied and foreshadowed 
the ideals and spirit of modernism, which emerged nearly 70 years later. Model No. 14 is 
often cited as the fl agship for the Thonet series of chairs. Due to the industrial production 
employed, Michael Thonet has been considered the world’s fi rst industrial designer.

Figure 4.21 Café chair, Model No. 14 with the additional 
lower brace, front oblique view. Photography courtesy of 

John Stork.

Figure 4.22 Analytic study of Model No. 14. Drawn by Hanne Meilsøe Dam, DKDS, 
Copenhagen. Courtesy of Jens Overbye, Lecturer, Interior Architect, MDD.
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GERRIT T. RIETVELD (1888–1965), along with Theo Van Doesburg (1883–1931) and Piet 
Mondrian (1872–1944), created the de Stijl movement and were dedicated to the creation 
of a universal aesthetic through the use of simple geometric forms and a color palette con-
sisting of primary colors (red, yellow, and blue) as well as achromatic hues of black, white, 
and gray. “One can look for signifi cant links between art and product design in any age, 
but at no time it has been closer than during the period of the Dutch movement de Stijl,” 
wrote Ella Moody in 1966 in her book Modern Furniture.7 In the movement, space was 
defi ned by line, plane, and color.

The Red-Blue chair was based on standardized mass production ideals, originally fab-
ricated in a natural oak, unpainted version in 1917, before Rietveld became a member of 
de Stijl. Rietveld considered its fabrication a social act, with the goal of mechanizing labor 
in order for the laborer to escape the boredom of hard, repetitive work (Figure 4.23). Six 
years later, Rietveld designed the Schroeder house (in Utrecht, the Netherlands), in which 
the Red-Blue chair appropriately fi ts.

The Red-Blue chair had a precedent.8 The original design was unpainted and had rectangu-
lar side panels. This “prototype” with rectangular side panels is at the Utrecht Centraal Museum 
and the London Victoria and Albert Museum. Furniture restorer Jurjen Creman documented 
measurements of the fi rst chair, which are outlined here and graphically shown in Figure 4.24.

Furniture: Roodblauwe Stoel (Red-Blue chair)

Designer: Gerrit T. Rietveld

Company: G. A. van de Groenekan, De Bilt (reissued in 1971 by Cassina, Italy)

Context: de Stijl movement (Utrecht, the Netherlands), furniture as a social art

Date: 1917–1918

Figure 4.23 Red-Blue chair designed and fabricated by 
Gerrit T. Rietveld, 1917–1919. Photography copyright © 

William A. Yokel, 2005.

Figure 4.24 Layout of wood components for the chair that Gerrit T. Rietveld designed and 
fabricated prior to the Red-Blue chair of 1917–1919. Image modifi ed by Jim Postell.
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The process by which Rietveld fabricated this piece is an alle-
gorical representation of the ideals behind its creation. He took a 
board of wood and sawed the middle part in two for the seat and 
backrest. The assembly of the chair is based on a 4-inch (10-cm) 
module, which is the thickness of three rails. The rails are dow-
eled together. The seat and the back are mechanically attached 
to the frame with screws. Though the simple geometries and ele-
ments are clear, the mechanical systems are effectively hidden. 
The red 70-degree angled seat back and the blue 10-degree 
angled seat pan offer bodily support, and the black orthogonally 
positioned frame directs the loads to the ground through indirect 
transposition of forces. The frame is made of black-painted beech 
wood with yellow lacquered ends. The seat (blue) and back (red) 
are lacquered plywood. The chair is an abstraction of two sys-
tems—one composed of liberated, painted planes that support 
the body and the other a network of painted rails to support the 
painted planes. The Red-Blue chair is approximately 33.7 inches 
high; 25¾ inches deep; 34 inches wide (86.5 cm high; 66 cm deep; 
83 cm wide) (Figure 4.25).

The Red-Blue chair is an expressive composition of form, space, 
and color. The black orthogonal components, combined with the 
intersecting, brightly colored planes, accurately represented the 
spirit of the age in the Netherlands (1918). The angle between the 
seat pan and seat back provides bodily comfort for rest, and even 
more signifi cantly, the seat and back allow for body movement 
during use due to the fl at painted planes. Within the social and 
formal context of the de Stijl movement, the design is effective and 
elegantly resolved (Figures 4.26 and 4.27).

Figure 4.25 Exploded axono-
metric of the Red-Blue 
chair. Computer model by 

Nora L. Bauser.

Figure 4.26 Detail—seat 
back, seat pan, and  support 
members. Photography 

by Jim Postell, 2006.

Figure 4.27 Computer rendering, Red-Blue chair—aerial 
view. Computer model by Nora L. Bauser.

(2) × front legs 330 × 25 × 25 mm

(2) × arm rest post 425 × 25 × 25 mm

(2) × back leg 475 × 25 × 25 mm

(4) × cross rail 605 × 25 × 25 mm

(2) × side rail 625 × 25 × 25 mm

(1) × back rail 625 × 25 × 25 mm

(2) × arm rest 452 × 50 × 25 mm

(2) × side panels 385 × 142 × 8 mm

(1) × back 900 × 340 × 10 mm

(1) × seat 450 × 340 × 10 mm
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FABRICATED FIRST IN white and then in high-gloss black polyester lacquered panels, Eileen 
Gray’s Blocs Screen expresses a transitional moment in her design career. The screen marked 
a shift from her early decorative and hand-lacquered works to her later work that incorpo-
rated industrial materials and industrial processes of fabrication. The lacquered Blocs Screen 
was fi rst designed as part of a larger interior commission for Madame Mathieu-Lévy’s apart-

ment along the rue de Lota in Paris. The design 
evolved into several variations, each of which 
employed small lacquer-painted blocks to create a 
freestanding articulated screen.

The Blocs Screen could be confi gured in a num-
ber of ways. The version presented in this study is 
four blocks wide and seven blocks high (other ver-
sions were fi ve blocks wide and eight blocks high). 
The lacquered blocks in one screen could vary 
in size, proportion, and color from those in another 
screen. The lacquered modules illustrated in this 
study each have a square relief and are based 
on the Golden Section, which was used throughout 
the career of the architect Le Corbusier, with whom 
Eileen Gray apprenticed. The individual blocks are 
10 inches high; 16.18 inches wide; ¾ inch deep 
(25.4 cm high; 41.1 cm wide; 2 cm deep). The 
frame is held together with brass pins that sup-
port and mechanically enable the visual trans-
parency of the screen. Overall screen dimensions 
are 74½ inches high and 53½ inches wide (189 
cm high and 136 cm wide) (Figures 4.28, 4.49, 
and 4.30).

The beauty and appeal of the Blocs Screen 
lay in its conception and formal composition. The 
fl exible array of individual pivoting panels creates 

Furniture: Blocs Screen

Design: Eileen Gray

Company: Jean Désert, (Eileen Gray Workshop), Paris (reissued by Ecart International, Paris, 

from 1978 to the present by Alivar)

Context: Partitioning interior space

Date: 1922

Figure 4.28 Blocs Screen, designed by Eileen Gray, 1922. Computer model by 

Nicole Desender.
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a simple, freestanding, and functioning screen that partitions space and extends the archi-
tectural quality of the surrounding walls. The screen was conceived as an interior accessory, 
as were many of Eileen Gray’s chairs, tables, carpets, and lighting designs, which furthered 
the notion of an integrated interior space composed of discrete, carefully arranged ele-
ments. The screen is visually attractive; however, it is relatively narrow in width and awk-
ward to move about in space. It is a sculptural piece, composed of solids and voids. It is a 
screen to look at, not one to touch. The screen is playful as a receptor of light and is effec-
tive in partitioning space.

Figure 4.29 Blocs Screen, photo 
showing a side view of the Blocs 
Screen. Photography by Jim Postell, 

2001.

Figure 4.30 Blocs Screen detail. Photography by Jim Postell, 2001.
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THE WASSILY CLUB chair is an icon of the Modern Movement for its use of industrial materials 
and the clear expression of its fabrication (Figures 4.31 and 4.32). Designed by Marcel 
Breuer in 1925, the chair is still in production today. It was called the Wassily club chair 
because it was originally designed for the living room of Breuer’s friend Wassily Kandinsky, 
a renowned abstract painter and faculty member of the Bauhaus. Expressing the ideas 
behind the Wassily club chair, Breuer is quoted as having said:

I already had the concept of spanning the seat with fabric in tension as a substitute for thick 
upholstery. I also wanted a frame that would be resilient and elastic. The combination of 
elasticity and of members in tension would give comfort without bulkiness. I also wanted 
to achieve transparency of forms to attain both visual and physical lightness. Mass produc-
tion and standardization had already made me interested in polished metal, in shiny and 
impeccable lines in space as new components for our interiors. I considered such polished 
and curved lines not only symbolic of our modern technology, but actually technology itself.9

This leap toward modern technology was intended for manufacture by Standard-Möbel, 
but the materials and process proved to be too costly. Today, Knoll International, a division 

Furniture: Wassily club chair, Model No. B301

Design: Marcel Breuer

Companies: Standard-Möbel Lengyel and Company, Berlin, and Gebrüder Thonet, Frankenberg, 

Germany (reissued by Knoll International, Inc., New York from 1968 to the present)

Context: Dessau Bauhaus (modernism—use of industrial materials and fabrication techniques)

Date: 1925

Figure 4.31 Wassily club chair, designed by Marcel Breuer, 1925. Computer 

model by Sylbester Yeo and Michael Wigle.

Figure 4.32 Exploded axonometric of the Wassily club chair. Drawing by 

SAID student and author, School of Architecture and Interior Design, 

University of Cincinnati.

c04.indd   90c04.indd   90 12/09/12   9:25 PM12/09/12   9:25 PM



Overview of Furniture Case Studies   91

devoted to manufacturing classic twentieth-century furniture, pro-
duces the chair.

The chair is 28¾ inches high; 27½ inches deep; 30¾ inches wide 
(73 cm high; 70 cm deep; 78 cm wide) (Figure 4.33). One might 
assume that the Wassily chair is heavy; however, it is light. The idea 
of using tubular metal was inspired by Breuer’s Adler bicycle, which 
he rode daily. The heavy cushioning of a comfortable chair has been 
replaced with tightly fi tted, thick fabric (later becoming leather) held 
in tension around metal tubes. Breuer went to the Mannesmann 
steelworks for the manufactured bent steel. The chair is fabricated 
from standardized parts and can be easily disassembled (Figure 4.34).

The Wassily club chair is inventive in its use of new technology 
and aesthetically pleasing. Breuer wrote: 

Two years ago, when I saw the fi nished version of my fi rst steel club 
armchair, I thought that this out of all my work would bring me 
the most criticism. It is my most extreme work both in its outward 
appearance and in the use of materials; it is the least artistic, the most 
logical, the least cozy and the most mechanical.10

The Wassily club chair is a simple and graceful design. Due to the 
relatively fl at leather planes and the generous space in which to sit, it 
allows users to move about freely (Figure 4.35).

The Wassily club chair inspired many chair designers throughout 
the twentieth century. It has been hailed by critics as one of the great-
est chairs of the twentieth century, but there are those who disagree. 
For some critics, it is problematic in its fi xed posture, the backward 
angle of the seat back to the seat pan, and its tactile quality. These 
aspects limit its utility. This raises the question, what qualities consti-
tute a great chair in the twentieth century?

Figure 4.34 Side profi le of the Wassily chair. Photography, 

courtesy Knoll, Inc.

Figure 4.35 Detail—tubular chrome-plated steel and 
leather. Photography by Jim Postell, 2006.

Figure 4.33 Study of the Wassily club chair. Drawing by 

SAID student and author, School of Architecture and 

Interior Design, University of Cincinnati.
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LE CORBUSIER DESIGNED functional furniture that utilized new 
materials and industrial modes of production. Charlotte Perriand 
joined Le Corbusier’s atelier in 1927 and contributed to the 
design, as did Pierre Jeanneret. Le Corbusier established 
the parameters for the furniture, but it was left up to Perriand 
and Jeanneret to resolve and detail the design. Conceived as a 
machine for sitting, the Basculant chair can accommodate 
numerous postures. It is Perriand who has been credited with 
the seat back’s mobility and the use of tubular steel. The 
Basculant chair was created for “living room conversation” for a 
French villa in Ville d’Avray and, ultimately, for mass production 
(Figures 4.36 and 4.37).

The Basculant chair, inspired by the British army offi cer’s Pel 
chair designed by F. M. Allen Roorkhee, was initially refused 
production by Peugeot’s bicycle-making section. Le Corbusier 
then made an arrangement with Thonet to produce the chair in 
1929. Despite the availability of the new technology of tubular 
metal, the chair was produced in wood and rush materials for a 
Brussels exhibit in 1935 (Figures 4.38, 4.39, and  4.40).

Furniture: Siège à Dossier Basculant (B301)

Designers: Charlotte Perriand, Pierre Jeanneret, and Le Corbusier

Companies: Gebrüder Thonet 1928, H. Weber 1959, Cassina from 1965

Context: Ville d’Avray and Salon d’Automne Exhibition—1929 (industrial materials—a machine 

for sitting)

Date: 1928

Figure 4.36 Siège à Dossier Basculant B301, front view, designed 
by Charlotte Perriand, Le Corbusier, and Pierre Jeanneret 
(1928). Photography by Jim Postell, 2011.

Figure 4.37 Siège à Dossier Basculant B301, rear view, designed by 
Charlotte Perriand, Le Corbusier, and Pierre Jeanneret 
(1928). Photography by Jim Postell, 2011.

Figure 4.38 Siège à Dossier Basculant B301, front view. Photography 

by Jim Postell, 2011. Computer model by Nora L. Bauser.
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The chair is 25¼ inches high; 23½ inches wide; 25½ inches 
deep (64 cm high; 59.7 cm wide; 64.8 cm deep). It weighs 29 lb. 
Today, it is available in different upholstery and metal fi nishes. The 
sling-back chair, as it is sometimes referred to, has a steel frame 
fi nished in either chrome or matte black. In 1929, it was fab-
ricated of polished nickel-plated steel tubing to reduce the cost. 
Today, Cassina offers the chair in pony hide with black leather arms, 
Russian red saddle leather with matching arms, or black saddle 
leather (Figure 4.41).

The structure consists of an assemblage of metal sections, none 
of which forms a closed framework except for the chair’s back. Both 
the front and rear elevations consist of an H design composed of 
two vertical supports and one horizontal support. The structure and 
stability of the chair rely entirely on the welded connections of the 
joints, which differ from the bolted connections of other Bauhaus 
pieces. The seat pan consists of a stretched material over thin tubing 
with supporting springs underneath. The chair’s back is similar to the 
seat pan, with the material held in tension by springs. The arms of 
the chair provide no structural support, and the leather straps freely 
rotate around the projecting ends of metal tubes.

The desire to create an affordable chair and to employ indus-
trial materials and new technologies drove the design, yet the chair 
remains expensive to produce because of its details. Nonetheless, 
the chair is important as a model introducing the impact that female 
designers of the Bauhaus had in creating aesthetically pleasing, 
comfortable, and practical furniture designs.

Figure 4.39 Siège à Dossier Basculant B301, rear oblique 
view. Photography by Jim Postell, 2011. Computer 

model by Nora L. Bauser.

Figure 4.40 Siège à Dossier Basculant B301, side profi le 
view. Photography by Jim Postell, 2011. Computer 

model by Nora L. Bauser.

Figure 4.41 Detail—seat back, arm support, and chromed 
metal tubing. Photography by Jim Postell, 2006.
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IN THE 1920S, Alvar Aalto began experimenting with bent and laminated wood. He was, in 
his own words, immersed in his “struggle against metal in furniture design.” When he 
moved to Turku, Finland, in 1927 and teamed up with the factory owner Otto Korhonen, 
they perfected one of Aalto’s most important discoveries in furniture design: the bent knee 
technique that is used in making the legs of Stool 60 (Figures 4.42, 4.43, 4.44, and 4.45). 
The bent knee, stacking stool with three legs was fi rst introduced to the public at the 1933 
London Exhibition and originally designed by Aalto for the Viipuri town library.

It has been said that as Aalto and Korhonen were throwing the working prototype 
around the factory fl oor in order to test its durability, Aalto exclaimed, “This stool is going 
to be made in the thousands!” Within 50 years, more than a million stacking stools were 
in existence. The stool became the most widely sold piece of Alvar Aalto’s furniture and 
represents a turning point in Aalto’s design work.

The legs of the stool are made of bent birch wood, utilizing special cutting and joining 
technologies, while the seat is available in either black or red linoleum, white, yellow, red, 
or blue laminate with a thin birch band, or foam covered and upholstered to specifi cation.

Birch wood was readily available from local suppliers, but it was not good for bending 
and fractured easily. Aalto’s idea was to take a solid piece of birch wood and saw it open 
on one end in the direction of the grain. Next, thin pieces of wood were glued into the 
grooves. This allowed the wood to be bent to the desired radius and angle, which in the case 
of Stool 60 was slightly less than 90 degrees. As the wood dried, it straightened to a 

Figure 4.42 Stool 60 designed by Alvar Aalto, produced by 
Artek (1933). Photography by Jim Postell, 2006.

Figure 4.43 Formwork for the curved lami-
nated birch leg—Stool 60. Photography by 

Jim Postell, 2006.

Figure 4.44 Components of Stool 60 on dis-
play at the Alvar Aalto Museum, Jyväskylä, 
Finland. Photography by Jim Postell, 2006.

Furniture: Stools 60/65

Designer: Alvar Aalto (1898–1976)

Company: Prototype by Korhonen, Eggers; manufactured by Artek

Context: Designed for the Viipuri Town Library, Finland

Date: 1932–1933
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90-degree angle and could be screwed directly into metal inserts placed in the bottom of 
the seat pan. The use of heat to bend the wood demanded fast-setting glue, and it was 
not until the 1960s that the legs could be bent mechanically. The stool is 171/8 inches high 
and 13¾ inches in diameter (43.5 cm high and 34.9 cm in diameter). Various heights and 
fi nishes are available. The stool can be purchased as a three- or four-legged stool. Stool 65 
is a modifi ed four-legged version with back (Figures 4.46, 4.47, and 4.48).

Korhonen’s factory fabricated most of Aalto’s furniture until the 1940s. After World 
War II, Eggers in Wisconsin produced Aalto’s furniture in the United States, with sales out 
of New York.

Today, the Finnish company Artek produces Stool 60. It is shipped fl at-packed. Stool 60 is 
designed and crafted as a simple but elegant, modern yet traditional stool—all at the same time.

Figure 4.45 Stool 60 designed by Alvar Aalto, produced by 
Artek (1933). Photography courtesy of Herman Miller.

Figure 4.46 Stool 65 with back—front 
view. Photography by Jim Postell, 2006.

Figure 4.47 Stool 65 with back—side 
view. Photography by Jim Postell, 2006.

Figure 4.48 Stool 65 with back—rear 
view. Photography by Jim Postell, 2006.
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THE EAMES STORAGE UNIT (ESU) was a popular but short-lived storage system developed by 
Charles and Ray Eames between 1949 and 1950. In 1940, Charles Eames and Eero Saarinen 

worked on a system of cabinets. The units could be 
used as benches, as shelves or for storage. Four years 
later, Charles and Ray Eames developed the Case 
Goods series, which were displayed at the Museum 
of Modern Art (MOMA) in New York City in 1946. 
Inspired by the metal knock-down shelving units that 
people bought for use in their garages and base-
ments, Charles and Ray Eames developed a new sys-
tem for an exhibit entitled Design for Living. The idea 
of an inexpensive, lightweight, functional system was 
important in the design. In 1950, Herman Miller mar-
keted the ESU. Originally fl at-packed, and requiring 
only a screwdriver and wrench to put together, the 
ESU did not sell well, so Herman Miller began making 
preassembled units. In this approach, dents and 
scratches proved to be problematic during distribu-
tion. As a result, the applied supports were set fl ush 
with the wood shelves. In 1955, Herman Miller 
stopped production of the ESU due to slow demand. 
Recently, with the renewed interest in the work of 
Charles and Ray Eames, Herman Miller has brought 
the ESU back into production (Figures 4.49 and 4.50).

Furniture: Eames Storage Unit (ESU)

Designers: Charles and Ray Eames

Company: Herman Miller

Context: Design for Living Exhibit (kit of parts, industrial production—fl at-pack distribution)

Date: 1949–1950

Figure 4.49 ESU table, desk, and storage unit (400 Series) designed by Charles and 
Ray Eames (1950) for Herman Miller, Inc. Photography by Phil Schaasfma. 

Courtesy of Herman Miller, Inc.

Figure 4.50 Room with various ESUs. Courtesy of Herman Miller, Inc.
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The ESU is a kit of standardized parts. 
The uprights, cross-bracing, and perfo-
rated metal backs are all zinc-coated gal-
vanized steel. The legs have a nylon glide 
at their base. The cabinet doors are dim-
pled and laminated plywood. The shelves 
and drawer fronts are plywood. All of 
the plywood comes with a birch or wal-
nut veneer on the exposed faces, while 
their side and bottom edges incorporate 
lacquered Masonite panels. The ESU is 
available in four sizes. The smallest is 24½ 
inches wide; 20½ inches high; 16 inches 
deep (62.2 cm wide; 52.1 cm high; 40.6 
cm deep). The second unit is 47½ inches 
wide; 20½ inches high;16 inches deep 
(120.7 cm wide; 52.1 cm high; 40.6 cm 
deep). All variations allow an arrange-
ment of panels, cross-bracing, and shelves 
(Figure 4.51).

The design expresses honesty in form and function. Fabrication and material selection 
are straightforward. The ESU foreshadowed the design of Charles and Ray Eames’s home 
in Southern California, known as the Eames House. The ESU is signifi cant in its economy, 
modularity, and ready-to-assemble fabrication. It has inspired many designers and archi-
tects since its conception in 1950 (Figure 4.52).

Figure 4.51 Computer model, ESU. Computer model by the author and Nora L. Bauser.

Figure 4.52 ESU—open. Photography 

by Jim Postell, 2006.
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JEAN PROUVÉ (1901–1984) worked with industrial materials throughout his career as a 
designer in Nancy, France. For him, the nature of laminated Baltic birch, painted steel, alu-
minum, and rubber was in line with the mechanization and industrialization of the early 
twentieth century (Figure 4.53). Prouvé’s work captured the spirit of the times through his 
use of industrial materials and the handcrafted approach in fabricating his working proto-
types (Figure 4.54).

The Antony chair is characterized by its hand-welded and black-painted steel fi nish, 
expressive use of hardware, and mechanical connections juxtaposing the gracefully lami-
nated birch compound seat (Figures 4.55, 4.56, and 4.57). The bent and painted tubular 

Furniture: Antony chair

Designer: Jean Prouvé

Company: Les Ateliers Jean Prouvé

Context: Modernism (industrial materials with craft in fabrication)

Date: 1950–1954

Figure 4.53 1:6 scale models produced by Vitra of the Antony and the 
Standard chair, both designed by Jean Prouvé. Photography by Jim 

Postell, 2006.

Figure 4.54 Photograph of the Antony chair in context with 
the ESU. The work of Jean Prouvé and that of Charles and Ray 
Eames’ are often exhibited together and compared for their 
striking similarities. Photography by Jim Postell, 2010.
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metal, fl at steel supports, and the “pivotal” large-diameter steel tube running horizontally 
below the seat shell, along with the expression of the chair’s hardware and overall form, 
have inspired many furniture designers. The primary feature of the Antony chair is the 
3/8-inch (1-cm) thick molded plywood body support that serves as the seat pan and seat 
back in one shell. The molded plywood body support is a compound curve. In 1950, this 
was a remarkable accomplishment due to the complexity of the form and the tendency for 
veneers to split when simultaneously stressed in two or more directions.

Figure 4.56 Computer model, 
Antony chair—front oblique 
view. Computer model by 

Sylbester Yeo.

Figure 4.57 Exploded axonometric of 
the Antony chair. Computer model by 

Sylbester Yeo.

Figure 4.55 Computer model, 
Antony chair—side view. Computer 

model by Sylbester Yeo.
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HARRY BERTOIA ACHIEVED a synthesis of sculpture and function with his series of wire-framed 
chairs. These chairs were, in his words, “studies in space, form, and metal.”11 In terms of 
functionality, he thought that if a chair were used for an extended period of time, it should 
accommodate the movements of the human body in order to remain comfortable. That is 
what led him to use thin metal rods, thinking that they would adjust and respond to the 
body’s movement (Figures 4.58 and 4.59).

The Wire side chair is a grid of steel wires, approximately 3⁄16 inch (5 mm) in diameter, 
bent and welded to form a graceful, compound curved, and unifi ed seat and back support. 
The seat and back form is composed atop a base of two steel rods, approximately ½ inch 
(1.25 cm) in diameter each, bent and welded. The entire chair is 29½ inches high; 21¼ 
inches wide; 23¼ inches deep (74 cm high; 53.9 cm wide; 58.7 cm deep).

The production process, although now common, was revolutionary at the time of the 
chair’s initial production. A wooden mold was fi rst created, in which all of the wires were 
bent in place by hand. It was easier to bend the rods by hand than by machine. Once all the 
wires were properly arranged, an electric current was applied to the steel, which welded 
every connection simultaneously. The fi nal assembly was either given a chrome fi nish or 

Furniture: Wire side chair

Designer: Harry Bertoia

Company: Knoll International, New York

Context: Synthesis of sculpture and function (mass production)

Date: 1951

Figure 4.58 Wire side chairs arranged around a table. Photography courtesy of Knoll, Inc.
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Figure 4.60 Computer model of the Wire side chair, designed by Harry Bertoia for 
Knoll Associates (1950–1952). Computer model by Nora L. Bauser.

Figure 4.59 Detail—welded and chrome-plated steel 
rods. Photography courtesy of Knoll, Inc.

Figure 4.61 A range of upholstered wire chair variations, including the Diamond Bird chair, the Diamond 
lounge chair, Bertoia Asymmetric chaise, and the Bertoia Bird chair—all designed by Harry Bertoia for 
Knoll Associates (1950–1952). Photography courtesy of Knoll, Inc.

coated with rilsan, an applied vinyl fi nish. Rilsan was applied by using a fl uid-bed process 
in which the steel chair was heated and then passed through a chamber containing sus-
pended vinyl particles. The heated steel caused the vinyl to melt and adhere to the steel in 
an even coating, which resulted in a durable fi nish. A seat cushion made of a padded fabric, 
vinyl or leather could be fastened to the seat (Figure 4.60).

The Wire side chair is exceptionally comfortable. The steel rods bend just enough to 
mold to a range of human body shapes and a range of positions, yet remain stiff enough 
to  provide appropriate support. The side chair works well in group settings, within 
courtyard and public gathering areas, alone, or at a desk. Flaws in its stability are appar-
ent in that  it tends to tip forward when one stands up and can lean forward while one 
remains sitting.

The success of the Wire side chair resulted in several wire chair variations. The uphol-
stered side chair, the Diamond chair, the Bertoia Bird chair, and Bertoia Asymmetric chaise—
all available in a range of color fabrics (Figure 4.61).
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AFTER 10 YEARS of research and observations of offi ce work, Herman Miller introduced Action 
Offi ce® in 1968, the fi rst panel-based, open-plan offi ce system in the world.12 The designer, 
Robert Propst, developed a system of panels and components that could be confi gured and 
reconfi gured to respond to needs that would develop over time. Panels were available in a 
variety of heights, widths, and surface treatments. Components, including work surfaces and 
storage units, attach in 1-inch (2.5-cm) height increments, giving fl exibility to the assembly 
and allowing users to work comfortably. As with most offi ce systems, the ability of individu-
als to control their physical and ambient work environments was paramount.

Action Offi ce marked a departure from the previous era’s assumptions of what offi ce 
furniture should be. The Action Offi ce system transformed the workplace, as well as 
Herman Miller and the entire furniture industry, into a systems-approach business led by 
design (Figures 4.62 and 4.63).

Action Offi ce Series 2 reestablished the success of the original system by expressing the 
basic Action Offi ce concept with new details and extended capabilities. The revised panels car-
ried increased energy and cable loads to meet heavy technological demands. Work surfaces 
and storage components responded to changing aesthetic tastes. A number of new compo-
nents offered options to suit each individual’s work process. Action Offi ce Series 2 remained 
true to the fundamental principles of the original system: space-saving benefi ts, simple order-
ing and inventory, design options, and interchangeable components (Figure 4.64).

Furniture: Action Offi ce

Designer: Robert Propst

Company: Herman Miller, Zeeland, Michigan

Context: Open-plan (systems furniture for an emerging offi ce landscape)

Date: 1968

Figure 4.62  Action Offi ce, C & S Bank, showing vertical 
storage on three-way panels amid offi ces, designed by 
Robert Propst for Herman Miller, 1968. Photography 

courtesy of Herman Miller, Inc.
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Figure 4.64 Action Offi ce—a departmental 
cluster taken at the Batts Building shows panels at 
various heights, with mounted storage units and 
integrated lighting. Photographer: Earl 
Woods. Photography courtesy of Herman 

Miller, 1979.

Figure 4.65 Action Offi ce Series 2 with curved work 
surface and panels. Photography by Steve Hall/

Hendich Blessing. Courtesy of Herman Miller.

Action Offi ce is easy and quick to install and reconfi gure. It is a systems-based product, 
a kit of parts allowing the user to confi gure and compose various components as desired. 
With over a $4 billion installed base, the Action Offi ce system is a remarkable concept that 
has transformed both an industry and the offi ce workplace (Figure 4.65).

Figure 4.63 Action Offi ce, C & S Bank, fi rst big 
AO installation using hexagonal elements in a 
round building. Photography courtesy of 

Herman Miller, Inc.
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THE STATED PHILOSOPHY of the Italian glass furniture company Fiam is to produce works that 
“free glass from its historical role of ornamental accessory and make glass a protagonist in 
furnishing, resulting in an unobtrusive and important presence in people’s lives.” Located 
in the heart of Brianza in northern Italy, Fiam is renowned for producing glass furniture. 
Fiam hires top designers such as Cini Boeri, Philippe Stark, and Danny Lane to realize their 
ideas. The Ghost chair is an important piece for Fiam and for furniture design in general. It 
is considered to be the fi rst successful fabrication of an all-glass chair without adhesives or 
mechanical connections. It is constructed from a single sheet of 12-mm crystal and is 
reported to be stackable (two high) (Figures 4.66 and 4.67).

Furniture: Ghost chair

Designers: Cini Boeri and Tomu Katayanagi

Company: Fiam Italia SpA

Context: First all-glass, one-piece chair

Date: 1987

Figure 4.66 Plan and elevation watercolor study, Ghost 
chair, designed by Cini Boeri and Tomu Katayanagi for 
Fiam. Drawing by SAID student and the author, 

School of Architecture and Interior Design, University 

of Cincinnati.

Figure 4.67 CNC device cutting 12-mm glass using very high water pressure for the Ghost 
chair at Fiam. Photography by Jim Postell, 1990.
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Figure 4.68 Computer model of the Ghost chair. Computer model by Nora L. Bauser.

The ability to fabricate the Ghost chair resulted from a revolutionary type of glass 
called fl oat glass, which was developed in the 1960s by Pilkington, an English furnishing 
producer. The term refers to the fl at, perfectly smooth sheets of glass, which are produced 
by causing magma to oscillate on a bed of molten tin. But Fiam takes this process further 
in order to produce furniture designs in glass. The fabrication process begins by taking 
a piece of fl oat glass and cutting out a single oval shape using the high-precision Paser 
system (high-pressure water spray mixed with an abrasive powder), with the remaining 
portion forming the seat, back, and armrests. Inside a curving chamber, the glass is heated 
and reaches the maximum level of thermal stress. At approximately 700 degrees Celsius, 
the glass can be molded like wet clay—stretched over a chair mold by the force of grav-
ity.12 Patented technologies applied during the cooling stage and the absence of residual 
stress allow the glass to become exceptionally strong. The chair weighs 79 lb and can carry 
a load of 300 lb. The chair is 26¾ inches high; 37½ inches wide; 29½ inches deep (67.8 cm 
high; 95.3 cm wide; 74 cm deep). It consists of a single sheet of ½-inch (1.25 cm) crystal 
glass that is folded and cut during the process on a computer numeric control device (CNC 
machine) and moved by an applied force of air (Figure 4.68).

The Ghost chair is intriguing because the designers use and express the full potential 
of glass as a weight-bearing material and as an aesthetic medium. Although the use of 
glass in design often conjures up rigid, boxlike interpretations, this chair has a relaxed air in 
the compound curves that form the arms and back rest. Although it is proportioned to be 
comfortable as a device for sitting, one can’t quite imagine the user feeling fully relaxed in 
a glass chair for both thermal and psychological reasons. These reactions may be due to the 
limitations of human imagination rather than the limitations of the design itself; however, 
glass does feel cool to the touch. Nevertheless, in this context, comfort was not the primary 
reason for its production.
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THE LAMINATED, hard white maple chair series was initially inspired by bushel baskets. The 
Cross Check armchair is one of a series of comfortable bentwood chairs, each given a 
name based on hockey terms: Power Play armchair, Hat Trick side chair, and Face Off table 
(Figure 4.69). The supports and the chair’s seat are formed from the same lightweight, 
slender wood strips. The laminated plywood strips create a single coherent form. Frank 
Gehry explored the possibility of bentwood through many working prototypes and proved 
it to be pliable, with “spring” and lightweight effectiveness. The Cross Check chair is one 
of the last chair designs developed in Gehry’s bentwood series.

The primary intent was to develop a diagonally woven chair. Gehry accomplished this 
by taking loose strips of bentwood and working the material into expressive form. The fi rst 
prototype was achieved in 1990. The second prototype became the fi rst diagonally woven 
chair that was structurally stable, and this opened the door for the development of the fi nal 
Cross Check chair.

To improve the back support, the arms were brought forward and attached to the 
front of the chair. This brought the chair into balance while simultaneously softening the 
geometric angularity of earlier triangulated bases. The new arm design suggested provid-
ing another leg, which was further integrated into the fi nal design of the chair in addition 

Furniture: Cross Check armchair

Designers: Frank O. Gehry

Company: Knoll International

Context: Bentwood serving as the generator of form, structure, and function

Date: 1992

Figure 4.69 Laminated maple chairs and tables inspired by the woven construction of bushel baskets. Designed by Frank 
O. Gehry (1992) for Knoll, Inc. Photography courtesy of Knoll, Inc.
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to the second over-arm. In keeping with the curvilin-
ear theme, the back slats extend to loop over, which 
strengthen the fi nal design. Knoll developed an envi-
ronmentally sound, water-based dip-fi nishing system 
to seal and fi nish the chair.

The chair is made from maple veneers harvested 
from sustainable forests and cut into 2-inch (5-cm) 
wide, 1⁄32-inch (0.7-mm) thick strips. It is laminated 
to six-, seven-, and eight-ply thickness using high-
bond urea glue, with all wood grain running in the 
same direction for resilience. Thermoset glue provides 
structural rigidity, minimizing the need for metal con-
nectors while allowing for ergonomic movement and 
fl exibility. The backs of all chairs fl ex for added com-
fort. No glues are used in the seat assembly to allow 
fl exibility in unison with springlike movement. The 
total weight of the chair is 12 lb. The seat height is 
181⁄8 inches; 28 inches wide; 335⁄8 inches arm height; 
28½ inches wide; 24 inches deep (46 cm seat height; 
71.1 cm wide; 84 cm arm height; 72.4 cm wide; 
61 cm deep) (Figure 4.70).

The design process was a successful collaboration between Gehry’s studio 
and Knoll International. The Cross Check chair is a high-quality chair that in 
production rekindles many notions of the Industrial Revolution and the craft 
trades of the nineteenth century. The design of the Cross Check chair provides 
an exciting sitting experience and infuses artistic sensitivity with structural and 
technological innovation (Figures 4.71, 4.72, and 4.73).

Figure 4.73 Computer model—top 
view. Computer rendering by 

Nora L. Bauser.

Figure 4.70 Cross Check armchair, front oblique view. Photography courtesy 

of Knoll, Inc.

Figure 4.71 Computer model—oblique 
view. Computer rendering by 

Nora L. Bauser.

Figure 4.72 Computer model—side view. Computer 

rendering by Nora L. Bauser.
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NANNA DITZEL WAS born in Copenhagen in 1923. She began her work in furniture design 
through cabinet making before attending the Industrial Arts and Crafts College and the 
Royal Academy of Fine Arts in Copenhagen. Following World War II, she was one of 
the very few women working in furniture design. The Trinidad chair is a lightweight, com-
fortable, stackable café chair. Inspiration for the design came from a time in Nanna’s life 
when she lived in the Caribbean islands and developed an interest in colonial-style wooden 
architecture and associated “fret-saw” designs known affectionately as “Gingerbread.” The 
chair’s name comes from the country of Trinidad, whose traditional fretwork techniques 
inspired Ditzel (Figure 4.74).

The Trinidad chair is available in laminated maple, beech, cherry, teak, or lacquer-painted 
wood and can be purchased with or without arms. A high-density foam seat-cushioned 
model is also available. The chair’s seat and back are supported by a metal tubular frame. 
The fabrication process involves laminating several sheets of wood, applying a veneer, and 
cutting the overall shape and fl exible slits. The wooden back and seat pan are attached 
to the metal frame with metal fasteners located along the bottom and back of the chair. 
Synthetic rubber footings are placed on the ends of the four legs. The chair weighs 22 lb 
and is 19¾ inches wide; 22½ inches deep; 32¾ high; with a seat height of 17½ inches 
(50 cm wide; 57 cm deep; 83 cm high; 44 cm seat height) (Figure 4.75).

Furniture: Trinidad chair

Designer: Nanna Ditzel

Company: Fredericia Stolefabrik, Denmark

Context: Hospitality seating

Date: 1993

Figure 4.74 Trinidad chair—high stool version, designed by Nanna Ditzel (1993), man-
ufactured by Fredericia Furniture A/S, Denmark. Photography by Jim Postell, 2006.

Figure 4.75 Computer model of the Trinidad 
chair. Computer model by Nora L. Bauser.
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The design is elegant and the proportions are graceful. The design won the APEX 
Award fi rst prize in 1997, and the following year it won the Danish Industrial Design Award 
(Figures 4.76, 4.77, and 4.78).

Figure 4.78 Trinidad chair—rear 
view. Photography by Jim Postell, 2006.

Figure 4.76 Trinidad chair—front view. Photography by 

Jim Postell, 2006.

Figure 4.77 Trinidad chair—side view. Photography by 

Jim Postell, 2006.
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ANDREA ZITTEL IS AN ARTIST who uses her own day-to-day living as the impetus for her artwork. 
The A-Z Living Units were a series of fabrications (hybrids between furniture and shelter 
fabrications) designed to change one’s sense of personal space. The various designs left no 
area of daily living, no matter how basic, untouched. The initial Living Units were conceived 
and fabricated in the early 1990s, when Zittel was living in New York.13 The images of the 
A-Z Living Units were taken from an installation at the Cincinnati Museum of Art entitled 
“New Art 6” (1995). The materials were kept to a simple kit of parts, including angle iron, 
Baltic birch plywood, hardware, and upholstery. As the fabrications sold and began to be 
used, the designs began to be modifi ed by their new owners. Nonetheless, the structural 
framework and transformative nature of the fabrications remained intact (Figures 4.79, 4.80, 
and 4.81).

In discussing her work, Zittel explains:

I lived in contained spaces that weren’t mine. I wanted to create a highly personalized 
space. It was like owning a house that would fi t inside a shell within a house other 
people owned. I would do all the modifi cations within the capsule of the Living Unit. 
That series ended when I bought a building in New York in 1994.14

Several versions of the pit bed were made. The pit bed is an assembly referred to as the 
Comfort Unit in the Living Units series. Some versions were exact copies and others were 
radical take-offs. But at the core of the various fabrications in the Living Units series such as 
the pit bed is an idea of a solution designed to satisfy the confl icting needs for security, sta-
bility, freedom, and autonomy. Owning a Living Unit created the security and permanence 

Furniture: Living units

Designer: Andrea Zittel

Context: Transformative, open loft living—furniture as a social art

Date: 1994

Figure 4.79 A-Z Living Units, 1994, designed by Andrea Zittel. 
Copyright © Andrea Zittel. Image courtesy of Andrea Rosen 

Gallery, New York, and the Cincinnati Art Museum. Accession 

No. 1995.13.1–5.

Figure 4.80 A-Z Living Units, copyright © Andrea Zittel. Image courtesy 

of Andrea Rosen Gallery, New York, and the Cincinnati Art Museum. 

Accession No. 1995.13.1–5.
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Figure 4.81 A-Z Living Units. Copyright © 

Andrea Zittel. Image courtesy of Andrea Rosen 

Gallery, New York, and the Cincinnati Art 

Museum. Accession No. 1995.13.1–5.

of a home, which would then be set up inside the homes that other people owned. It pro-
vided freedom because whenever the owners wanted to move, they could collapse the unit 
and move it to a new location. The Living Units were remarkably simple social constructions, 
transformable and functional spaces in which to live (Figures 4.82 and 4.83).

Figure 4.82 A-Z Living Units. © Andrea 
Zittel. Image courtesy of Andrea Rosen 

Gallery, New York, and the Cincinnati Art 

Museum. Accession No. 1995.13.1–5.

Figure 4.83 A-Z Living Units. © Andrea 
Zittel. Image courtesy of Andrea Rosen 

Gallery, New York, and the Cincinnati Art 

Museum. Accession No. 1995.13.1–5.
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DON CHADWICK AND Bill Stumpf designed the Aeron chair in 1994 for Herman Miller. The 
design is signifi cant because the chair was made from 80 percent recycled materials and 
was remarkably ergonomic. The transparency of the chair as a visual element was in keeping 
with the idea of transparent architecture and technology. Transparency is the effort to make 
technology less opaque, to communicate the inner workings of things, and to make objects 
less intrusive on the environment (Figures 4.84 and 4.85).

The design team conducted anthropometric studies, using a specifi cally developed 
instrument to calculate average dimensions ranging from popliteal height to forearm 
length. The team did pressure mapping and thermal testing to determine the weight dis-
tribution and heat- and moisture-dissipating qualities of the semitransparent pellicle sus-
pension mesh made of polyester and Lycra on the chair’s seat and back.15 The transparent 
material allows air to pass through, adding to long-term comfort by preventing body-heat 
buildup. Field studies examined the relationship between the sizes of people and their 
preference for chair size.

Furniture: Aeron™ chair

Designer: Don Chadwick and Bill Stumpf

Company: Herman Miller, USA

Context: Ergonomic offi ce multi-task chair

Date: 1994–1995

Figure 4.84 Aeron chair, designed by Don Chadwick and Bill Stumpf (1994) 
for Herman Miller—front view. Photography, courtesy of Herman Miller.

Figure 4.85 Aeron chair—side view. Photography, courtesy of 

Herman Miller.
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The unique form of the Aeron chair expresses 
its purpose and use, as well as the material com-
position of its parts and the way they connect. 
The slightly translucent and refl ective nature of its 
surfaces gives it an airy quality. The Aeron chair 
becomes part of the person who uses it and the 
environment that surrounds it (Figure 4.86). A 
contoured molded polyurethane foam pad can 
be adjusted vertically through a 4½-inch height 
range. Its depth can be set at ¾ inch or 1¼ inches, 
useful in changing the depth of the lumbar sup-
port. Four pivot points in the movement mecha-
nism of the Aeron chair advance the seat recline 
that the designers achieved in both the Ergon 
(1976) and Equa (1984) chairs. The tilt-tension 
adjustment lets the user easily control the resis-
tance felt when leaning back.

The chair functions well in the workplace, 
where there are many different multifunctional 
tasks to perform over extended periods of time. 
The material feels cool but not cold, making the haptic experience inviting and comfort-
able. The woven pellicle material offers appropriate support. Depending on the weight and 
size of the user, the Aeron chair can be purchased in one of three sizes, from A (small) to 
C (large) (Figure 4.87), thereby ensuring greater comfort for the user.

Figure 4.87 Aeron chair—available in sizes A, B, and C. Photography by Nick Merrick/Hedrich Blessing. 

Courtesy of Herman Miller.

Figure 4.86 Aeron chair—rear oblique. Photographer Mike Stuk, 

courtesy of Herman Miller.
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THE BACKGROUND FOR this particular design (Figures 4.88, 4.89, and 4.90) is a sad one; 
however, it is important to understand in order to comprehend the signifi cance of the work. 
Designer Erik Skoven tells the story:

“A 26-year-old Danish woman, pregnant with her second child, is found to have leuke-
mia. A choice is to be made and the baby is taken by caesarian after which the mother 
receives full chemotherapy—and dies. The child, now two years old, lives with the father 
and thrives. The grief of the family members was deep and the thought of designing 
something for them to sit on at the grave came to the designer. Something simple and 
yet beautiful: a sitting block of wood that would last for a long time, and yet disintegrate 
years from now, when perhaps the memories of Therese begin to fade.”16

The outdoor wooden stool was conceived and fabricated in a meaningful way during a 
diffi cult time of grieving the loss of family (Figure 4.91). Erik Skoven describes an underlin-
ing theme for the wooden stool in a brief poem:

With knots and cracks, like our love

No empty and hollow spaces

Furniture: The Block

Designer: Erik Skoven

Company: Werner Furniture

Context: A contemplative place to sit outside—allegory through design and fabrication

Date: 1999

Figure 4.88 Plan and elevation drawing of The Block, designed 
by Erik Skoven (1999). Drawing by Erik Skoven, 1998. Figure 4.89 Two Blocks. Photography by Erik Skoven, 1999.
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It will age, and one day—when I am no more—disappear

He transformed into mortal clay or ashes.17

The design is a solid wooden cube. The sitting surface is concave over grooves that 
are convex—the lower and upper parts of a sphere—thus symbolizing the convergence 
of life and death, heaven and earth. Since it is designed for outdoor use, rain runs off in 
the grooves. When fi xed, the solid oak block sits on a foundation, raised 1 inch (2.54 cm) 
above the ground. An indoor version is also available. Both are 15 × 15 × 15 inches (38 × 
38 × 38 cm). The direction of the oak’s grain runs vertically; thus, one sits on the end grain 
of the block. To get oak of a suffi cient diameter in Europe, the tree must be between 450 
and 500 years of age.

In 2001, The Block was selected as one of fi ve pieces for the annual SE cabinetmak-
ers’ exhibition at the Museum of Art and Design in Copenhagen. In 2004, The Block was 
acquired and exhibited at the Trapholt Art Museum in Kolding, Denmark.

Figure 4.91 The Block, outdoor stool, 
designed and fabricated by Erik Skoven, 
1999. Photography by Erik Skoven, 1999.

Figure 4.90 The Block in 
context. Photography by 

Erik Skoven, 1999.
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PATHWAYS TOOK EIGHT years and $150 million to develop.18 Steelcase responded to the 
market forces that require companies to move and reconfi gure themselves with inconceiv-
able speed. Pathways includes every element of an offi ce, from fl ooring to walls to lighting, 
all designed to work together seamlessly.

The need to constantly integrate new technologies into offi ces was a prime focus for 
Pathways’ designers. Steelcase realized that many clients were renovating older buildings, 
such as loft warehouses or existing offi ces, and facing prohibitive rewiring costs in the 
process. Consultants from Xerox’s research division had advised Steelcase that these issues 
would become more complex over time. Pathways is a designed solution to avoid cable 
gridlock, which meant creating extensive cavities inside the furniture system for equipment 
cables (Figures 4.92, 4.93, and 4.94).

Furniture: Pathways

Design: Steelcase Design Team

Company: Steelcase

Context: Offi ce workplace (furniture as a framework for fl exible and open spatial arrangements)

Date: 2000

Figure 4.92 Pathways, in context, designed 
and manufactured by Steelcase (2000). Photo 

courtesy of Steelcase, Inc.

Figure 4.93 Pathways, enabling open and fl ex-
ible space, designed and manufactured by 
Steelcase. Photo courtesy of Steelcase, Inc.
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Figure 4.94 Pathways, shelving and accessory 
detail, designed and manufactured by 
Steelcase. Photo courtesy of Steelcase, Inc.

Starting with its fl ooring systems, the designers defi ne private areas with walls and 
doors, then customize the surfaces of exterior or immovable walls with the Pathways 
Addition components (i.e., selecting fabrics for acoustical privacy or whiteboards for meet-
ing areas). Individual niches can be formed from the open spaces that remain, using 2-foot 
(61-cm) and 4-foot (122-cm) partitions (Figure 4.95).

To create teamwork areas, the Pathways Conjunction system forms post-and-beam 
structures that can be closed off with curtains and fi tted with shelving, whiteboards, and 
digital screens. Feeding off wiring that runs through the fl oor, its hub posts and tables offer 
spots for free-fl oating workers to plug into the company’s data fl ow. Its ambient lighting 
line illuminates the space with a soft glow.

Figure 4.95 Pathways, in use and in context, 
designed and manufactured by Steelcase. Photo 

courtesy of Steelcase, Inc.
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JIMMY’S BUFFET IS a movable sideboard for a residential dining room setting in which guests 
can serve themselves. The design allows dining accessories to be stored and easily retrieved 
from fi ve sections. In addition, the top surface of the buffet allows ample space for serving 
and displaying food (Figure 4.96).

The buffet incorporates 10 full-extension drawers, each 16 inches (40.6 cm) deep, and 
offers a variety of widths, ranging from 6 inches (15.2 cm) to 24 inches (61 cm), and a 
variety of heights, ranging from 6 to 12 inches (15.2 to 30.4 cm). Six clear acrylic casters 
enable the buffet to roll freely for cleaning and spatial rearrangement.

The buffet is fabricated using handcraft techniques and industrial materials. The layout of 
the drawers was inspired by the video game Tetris, with various shapes stacking tightly over 
one another. Materials for the buffet include 
1/8-inch (3 mm) bending birch plywood, cherry 
lumber and ¾-inch (2 cm) cherry plywood, neo-
prene 60, full-extension glides, acrylic casters, 
and stainless steel drawer pulls. The form is com-
posed of fi ve individual storage sections. Each 
section is “wrapped” with four 1⁄8-inch (3-mm) 
thick bending birch plywood laminations, 
mechanically assembled using ½-inch (1.25 
cm) through-bolts, composed by using 2-inch 
(5-cm) thick blocking to isolate each section. The 
recessed reveals are faced with 3⁄16-inch (5-mm) 
thick, black neoprene 60. Overall dimensions of 
the buffet are 36 inches high, 60 inches wide, 
and 21 inches deep (91.4 cm high, 152.4 cm 
wide, 53.3 cm deep) (Figure 4.97).

Furniture: Jimmy’s Buffet

Design: Jim Postell and Janet Flory

Fabrication: Jim Postell, Janet Flory, Steve Wethington, and Matthew Cornell

Context: An assemblage of part-to-whole relationships

Date: 2003–2004

Figure 4.96 Jimmy’s Buffet, designed and fabricated by Jim Postell, Janet Flory, 
Matthew Cornell, and Steve Wethington (2004). Computer model by Jim Postell.

Figure 4.97 Exploded axonometric of Jimmy’s 
Buffet. Computer model by Jim Postell.
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The buffet expresses part-to-whole relationships in both form and function 
(Figures 4.98, 4.99, and 4.100).

Figure 4.98 Detail—cherry, bending 
birch, and black neoprene 
60. Photography by Jim Postell, 2005.

Figure 4.98 Detail—cherry, bending birch, 
and black neoprene 60. Photography by 

Jim Postell, 2005.

Figure 4.100 Jimmy’s Buffet in context—dining 
room, the furnished house, Cincinnati, OH, 
2004. Photo by Gary Kessler, copyright © 

2005.
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SINCE 2004, EMILIANO Godoy has worked on the design of furniture made with knitted 
pieces of wood (Figure 4.101). This project started while Godoy was studying industrial 
design at Pratt Institute in New York. He was researching vegetable-based materials 
for design, and developing 100 percent biodegradable pieces. The Knit chair was his fi rst 
attempt to work within these parameters (Figure 4.102). He developed a design language 
that would speak about the construction of the chair and therefore its deconstruction. From 
a social-use perspective, the Knit chair is an easy chair in which the user can sit with legs 
up, crossed, or bent.

The resulting aesthetic of the knitted pieces, as well as its conceptual origin, is compel-
ling. In search for an appropriate solution, Godoy worked mainly in two areas. In order 
to encourage the correct disposal of the chair, but trying to avoid a visual language that 
constantly reminds the user of the death of a chair, Godoy incorporated an intermediate 
step. The construction of the chair speaks about smaller pieces coming together for a big-
ger structure. The structure is held together by rope, and it breaks apart in smaller elements 
when those fasteners wear out or become loose. The small pieces can then be put into a 
compost pile or outdoors so nature can fi nish the job.

In order to conform to the chosen posture, but using smaller fl at pieces, experiments 
were made with angles and rope sewing. Eventually, the rope was used to provide fl ex-
ibility in the edges between the smaller pieces, much like a hinge would do, while offset-
ting the plywood pieces provided the necessary stiffness. It became necessary to design 
the shape of the individual pieces in a way that the seams would not run in a straight 
line all across the chair. Research on Arabic tile work, textiles, and especially the work by 

Furniture: Knit chair

Designer: Emiliano Godoy GODOYLAB

Company: PIRWI

Context: Social, sustainable, and environmental design strategies

Date: 2004

Figure 4.102 Working prototype—Knit chair. Design by Emiliano 
Godoy. Photography by John Curry, 2005.

Figure 4.101 Knitting process—Emiliano Godoy knitting his Knit 
chair. Photography by Emiliano Godoy, 2004.
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M. C. Escher, provided useful insights and inspiration for the fi nal pat-
tern (Figure 4.103). A grid was established in the surface of the shell to 
receive the pattern. This grid reduces the smaller pieces where the curves 
are tighter, and expands it where the curves are wider, in a similar way to 
fi sh or reptile’s scales.

The fi nal aesthetics of the chair are a result of the outline and contour 
of the shell, defi ned around the chosen posture in a way that it is easy 
to understand how the chair is appropriate for such use. The individual 
pieces speak about the structure and fl exibility of the chair, while not 
becoming a graphic feature that dominates its overall message and per-
ception (Figures 4.104 and 4.105).

Prototype’s materials: 3.2-mm aircraft-grade plywood, FSC certifi ed; 
and 3/16-inch cotton rope. The fi nish applied to the plywood is carnauba 
wax. Overall dimensions are 55 × 34 × 37½ inches (140 × 87 × 95 cm).

Sustainability has always been an ethical commitment for Godoy. 
Biomass is the primary source for material. Biomass is produced by living 
organisms that are tightly related to nature’s life-supporting cycles, and 
its use within sustainable parameters set the pace for industrial activ-
ity. Technological materials would be saved for applications where no 
biological material performs adequately, and their availability would be 
guaranteed for a longer period of time. Fewer regulatory and cer-
tifi cation entities will be needed if capital production and waste 
recycling depends on effi cient natural cycles, since industrial 
activities would rely on healthy ecosystems for their energy and 
materials supply.

The knitted pieces have another philosophical aspect, which 
is the fact that they cannot be machine made—they depend on 
hand work. This means that the payment for the pieces goes 
primarily to labor instead of tooling amortization, and that their 
particular aesthetic depends on this. By adding other social and 
environmental strategies, such as fair labor practices, certifi ed 
wood, and ecological glues and fi nishes, the pieces become very 
strong statements about sustainable design (Figure 4.106). 

Figure 4.106 Knit chair. Design by Emiliano Godoy. Photography 

by John Curry, 2005.

Figure 4.103 Final pattern for the Knit chair. Design by 
Emiliano Godoy. Photography by John Curry, 2005.

Figure 4.104 Knit chair. Design by Emiliano Godoy. Photography 

by John Curry, 2005.

Figure 4.105 Knit chair. Design by Emiliano 
Godoy. Photography by John Curry, 2005.
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DIGITAL TECHNOLOGY AND CNC fabrication techniques have become a reliable source for 
producing complex forms with little concern for the material being used or the waste that 
is generated in the fabrication process. The information from a parametric process fl ows in 
one direction, downstream, from digital to physical (Figure 4.107). Often, the joints and 
connections are secondary to the form and lead to ancillary steps during fabrication. The 
result is a physical form that is a vague representation of the digital design, whose details 
and materiality are inconsistent with the original intent.

The Araneae concept is derived from an investigation of the design process itself, both 
digital and physical. The intent is to design a process by which an object could be made 
without knowing exactly what form it would take, or what material would be used. To 
achieve this, the process must consider the fl ow of information downstream, from digital 
to physical, and upstream, from physical to digital. For example, it considers how the physi-
cal constraints of a material affect the digital model, just as the digital model will affect the 
physical material (Figure 4.108).

The digital process begins as a plain NURBS surface whose size constraint is based on 
the size of the output material (i.e., 48-inch plywood). The surface is sliced at intervals equal 
to the thickness of the output material (e.g., ¾-inch plywood [Figures 4.109 and 4.110]). 
This slice is the critical step in converting the digital surface to something that can affect 
the physical material. The interval slices become the seeds for two-dimensional profi les 
that nest into a pattern. Nesting the profi les on the material allows the constraints of the 
material to inform the depth of each part. The pattern becomes the tool paths for the CNC 
fabrication process.

The CNC process has as much input on the digital constraints as the material. The 
tool paths must consider the varying kerf produced by each of the three major CNC 

Furniture:  Araneae coffee table

Designer: Greg Lewis, Pleat Design

Company: Riverside Architectural Millwork (production model)

Context: An investigation of digital design and digital fabrication processes

Date: 2006

Figure 4.107 Screen capture—manipulated NURBS surface representing the 
table. Screen shot of digital model by Greg Lewis, 2006.

Figure 4.108 Rendering—digital visualization of product 
intent. Digital model by Greg Lewis, 2006.
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techniques: milling, laser cutting, and water jet cutting. The two cutting techniques pro-
duce minimal kerf, but are best utilized for higher-density materials such as metal, stone, or 
plastics. The milling technique results in a cleaner edge fi nish to the softer materials, but at 
the expense of a larger kerf.

Once the process is in place, the surface is manipulated in the software to represent 
a table, bench, chair, and so on. In the case of the Araneae coffee table, the height of 
the table informs the vertical deformation of the surface. As the surface is manipulated, 
the layout can be reviewed for fabrication constraints (i.e., converging tool paths). Once 
cleared, the paths are sent to the CNC machine to produce the parts from the material.

The parts that result are easily aligned, glued, and clamped (Figure 4.111). The 
end product is a fl uid representation of the original digital surface, and expresses the mate-
rial and CNC process by highlighting the layered parts that produce the fi nished piece 
(Figure 4.112).

Figure 4.109 CNC tool paths—pattern showing nested paths on sheet 
material. Drawing by Greg Lewis, 2006.

Figure 4.110 CNC fabrication—photograph of paths being CNC 
milled into 48 × 96-inch plywood sheet. Production model. Photography 

by Greg Lewis, 2006.

Figure 4.111 Initial parts clamping—test assembly in shop. Edge 
fi nish rough as a result of CNC water jet experiment. Photography 

by Greg Lewis, 2006.

Figure 4.112 Production model—stained Baltic 
birch plywood. Set in residential apartment. 
Photography by Greg Lewis, 2007.
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THIS SYSTEM REPRESENTS modular design using twenty-fi rst-century technology. It was 
designed specifi cally as a cohesive display system to host a variety of architectural artifacts 
ranging from small pieces of art and small objects to fl at media such as drawings, sketches 

and paintings (Figure 4.113). The end result was a 
one-man art show entitled “Victory City,” honoring 
the lifelong work and studies of Orville Simpson, a 
self-taught artist and modern visionary.

The system had to be versatile enough to allow 
for an array of confi gurations and do so in a way 
that was both easy to understand and fabricate. 
To satisfy these challenges the system was devised 
around 24-inch (60.96-cm) × 48-inch (121.92-cm) 
interlocking modules that acted as the display’s 
bed or platform on which adjustable sidewalls and 
adjustable legs were attached, allowing modifi ca-
tion of the depth of the case to range from 2 inches 
(50.8 mm) to 8 inches (203.2 mm), accommodat-
ing the variety of media on display. Given that 25 
display platforms had to be fabricated, along with 
an exponential number of pieces required to make 
one unit, it was decided that the system would be 
fabricated via CNC  mill to ensure that each piece 
across the spectrum of repeated iterations of parts 
be produced to dimensional tolerances not possible 
by traditional hand-crafted fabrication techniques 
(Figure 4.114). What the system yielded was an 
easily produced, easily assembled modular display 
platform that allowed for a variety of parallel, per-
pendicular, and end-to-end interlocking confi gu-
rations that can be adjusted to accommodate a 
variety of small objects and fl at media at varying 
heights, creating fl exibility for the curator.

Fastened atop a 24-inch (60.96-cm) × 48-inch 
(121.92-cm) milled sheet of ½-inch (12.7-mm) 
medium-density fi berboard (MDF), the struc-
tural section of the platform, which receives every 
6 inches (152.4 mm), either coffi n locks to attach 

Furniture: Modular Vitrine System

Designer: Stephen Slaughter

Company: Rapid Prototype Center

Context: DAAP Galleries: Promoting the Display of Art

Date: 2011

Figure 4.113  Modular Vitrine System in the Meyer Gallery, University of 
Cincinnati. Photography by Stephen Slaughter, 2011.

Figure 4.114 Components cut from the CNC mill. Photography by Stephen 

Slaughter, 2011.
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one platform to another, or ½-inch (12.7-mm) threaded inserts to 
attach the sidewalls via ½-inch (12.7-mm) socket head cap screws, is 
made out of planed and routed 2-inch (50.8-mm) × 4-inch (101.6-mm) 
dimensional lumber (Figure 4.115). The ½-inch (12.7-mm) MDF side-
walls were milled with two or three columns of three, 3/8-inch (9.525-
mm) holes to accept as many 3/8-inch (9.525-mm) bronze sleeve 
bearings used to protect the pliant MDF from repeated fastening via 
socket head cap screws through to the threaded inserts in the platform 
(Figures 4.116 and 4.117). A combination of ½-inch (12.7-mm) MDF 
and ¾-inch (19.05-mm) fi nish plywood was used for the adjustable 
legs, and similar to the system of ½-inch (12.7-mm) socket head cap 
screws sleeving through 3/8-inch (9.525-mm) bronze sleeve bearings to 
fasten into ½-inch (12.7-mm) threaded inserts used to connect and 
adjust the sidewalls, the legs utilize this technique for their adjustable 
connection as well.

Figure 4.115 Assembly of components in the 
shop. Photography by Stephen Slaughter, 2011.

Figure 4.117 Tool path—lower perimeter cuts with tabs fi le. Digital 

image by Brian Ringley and Stephen Slaughter, 2011.

Figure 4.116 Parts layout fi le. Digital image by Brian Ringley and 

Stephen Slaughter, 2011.
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LESSONS FROM THE 25 FURNITURE CASE STUDIES

What recurring themes or cumulative lessons are apparent from the furniture studies? Some 
furnishings were the fi rst to use a specifi c material or a new fabrication technology. 
Some pieces have remarkable workmanship. Some studies reveal deeply rooted social utility 
or formulate cultural links to a particular place and time. Some are precedents for furniture 
designs that have followed. Collectively, the studies highlight a range of cultural, technical, 
and functional ideas about furniture design, but every study is linked to a particular place 
and time. Zeitgeist is a fundamental notion that tempers how one might consider each of 
the furniture studies. Furniture is very often part of a larger systemic context, linked to 
societal norms and grounded by a specifi c context of both place and time.

The organization of the furniture studies illustrates an important consideration, which 
becomes evident in hindsight. Following the introductory remarks about background and 
context, the studies emphasize three recurring themes:

1. A description of material, dimension, weight, and joinery (how the piece is made, 
how well it holds together, etc.)

2. A discussion on how the piece functions (how it feels and issues of utility, social 
use, comfort, and ergonomics)

3. Aspects of beauty, meaning, aesthetics, spatial organization, and proportion (how 
the piece looks)

These themes serve as a basis for a common thread of inquiry and develop a framework 
for considering and formulating a theory of furniture design, which is discussed in 
Chapter 5.
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5

theory
• A set of statements or principles devised to explain a group of facts or phenomena. A belief 

or principle that guides action or assists comprehension or judgment.1

INQUIRY

Theorizing sheds light on the nature of something through individual or collective inquiry. 
Regarding our interest in the subject of furniture design, the questions asked are broad and 
encompassing. What is furniture design? What is its place in the world? Who are furniture 
designers? How is furniture design done, and for whom is it undertaken? What are the 
principles of furniture design, and why are they important to know?

The Latin word theria and the Greek word theoroi mean “to see,” “seeing the sights,” 
or “seeing within” and are the origins of the English word theory.2 These origins point to 
the importance of looking within oneself as well as looking outward to the world. Furniture 
designers rely upon intuitive judgment (looking inward), utilize materials and processes 
(looking under), draw upon prior experience (looking backward), and observe how people 
do things (looking outward) when seeking inspiration for their own work (Figure 5.1).

Inquiry directs the discussions of furniture design toward functional (commodity), 
technical (fi rmness), and aesthetic matters (delight). In doing so, theory reveals knowl-
edge that establishes academic parameters for good design. Knowledge and ethos in 
design change over time, and so does theory. When new evidence about an area or sub-
ject emerges, theory will adjust accordingly. Our understanding of comfort, fabrication 
technology, and aesthetics is different today than it was 30 years ago, and likely will 
continue to evolve.

Furniture Design Theory

c h a p t e r
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Inquiry sustains a body of work—all types of work. What 
ideas contribute to furniture design? Can one design be 
considered better than another? Aside from aspects of com-
fort and workmanship, what makes a good chair good? We 
have a host of “bestsellers” in many different typologies, 
designed and marketed according to theories of ergonom-
ics, human factors, and anthropometrics. Which designs 
are the best? Aside from considerations of price and com-
fort, what qualities make them the best? Expanding upon 
the relationships between furniture and space, how might 
placement, scale, and orientation draw furniture into an 
architectural thesis?

Most furniture designs are conceived to make life better—
easier, more effi cient, and more comfortable. Bed designs are 
intended to give people a better night’s sleep. Shelving and 
storage units are designed to organize and store items. Chairs 
are designed to support and enable a range of activities and 
body postures. Although we are grateful for all the positive 
attributes that furniture designs have given us and for the 
effi ciencies and standards of living obtained through their use, 
it is important to consider both the positive and the negative 
effects that furniture has on our daily lives. It is important to 
be aware of the unintended consequences that furniture may 

have on our bodies and the infl uence it can have on the way we live.
Ergonomic seating is a furniture genre that is a case in point. Ergonomic task chairs 

enable people to sit and work in front of a computer display terminal longer—for hours on 
end, resulting in a more sedentary lifestyle. Sitting devices—in fact, human body supports in 
general—must be designed in ways that minimize the negatively unintended consequences 
that furniture can have on the user. Digital design and digital fabrication produces an effi -
ciency in mass production and mass customization of furniture, but at the same time it 
directly affects the propensity of craftsmanship and the reliance on workmanship of certainty 
in fabrication, raising a question regarding the value or desire for the mark of the maker, the 
trepidation of risk and failure, and the role of craft in design. As designers, it is important to 
keep aware that furniture can serve the individual user, the community, the environment as 
well as the social, cultural, economic, and political landscapes throughout the world.

During the past 300 years, as technology has advanced and societal concerns have 
evolved into more democratic ideals, furniture makers and furniture designers have begun 
to acknowledge distinct cultural shifts within disciplinary and professional arenas. In the past 
50 years, industrial designers, interior designers, architects, and fi ne artists have contributed 
to social change through the design and fabrication of furniture. Designers have sought a 
better understanding of material science, ergonomics, comfort, production, and the busi-
ness of marketing, branding, and distribution. Today, theory engages aspects of industrial-
ization and mass production; green design; health, safety, and welfare concerns; universal 
design; transgenerational design; and social use. The culture of design continues to reach 
out to a broader market and is fueled, in part, by designers working on designs that are 
more or less within economic reach.

Theory is the conglomeration of many voices. Thomas Chippendale, Gustav Stickley, 
Ludwig Mies van der Rohe, Charles and Ray Eames, David Pye, Galen Cranz, Peter Opsvik, 

Figure 5.1  Final reviews, Denmark’s International Study program, 
summer furniture workshop (2005), in collaboration with DKDS, 
Copenhagen.  Photography by Erling Christoffersen. Courtesy of 

Erik Skoven, DIS, and Danmarks Designskole, Department of 

Furniture and Spatial Design.
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Bill Stumpf, and Sam Maloof are a few of the many design-
ers who have contributed ideas about composition, tech-
nique, comfort, and social utility through their efforts in 
designing, and fabricating furniture. The lessons and ideas 
drawn from others are important to assimilate because 
they can help inspire and formulate personal and collective 
views about furniture and design.

Ludwig Mies van der Rohe once said, “A chair is a very 
diffi cult object. A skyscraper is almost easier.”3 Consider 
the following three explanations:

1. A chair is an extension of the user, and no two 
users are exactly alike. No two users sit, squat, or 
move about in the same manner, or for the same 
length of time.

2. A chair is used for many different purposes (e.g., 
to rest, work, write, type, read, talk, etc.). Each of 
these activities could result in a specifi c chair, yet 
often chairs are intended to be multifunctional.

 3. Sitting is inherently a challenge to one’s well-
being. Research indicates that standing is healthier 
than sitting. The body needs to move about, fre-
quently change positions, and adjust itself constantly.

Sitting is considered by many to be a static activity, but in fact, the human body needs 
to move and stretch continually (Figure 5.2). The challenge in designing a chair extends 
beyond physical parameters of static posture. Theories abound regarding the dynamics of 
body movement. Ideas about ergonomics have evolved signifi cantly, and knowledge in the 
area of anthropometrics has developed as well. It is important to study ergonomic theories, 
and it is generally useful to produce working prototypes and take the opportunity to experi-
ence and directly evaluate design ideas.

SYSTEMS THEORY

Systems theory sprang from the origin of human factors engineering—a view primarily 
interested in looking at everything as a complex series of interrelated systems. Everything is, 
in a sense, a system, and all systems have inputs and outputs. An objective or goal that one 
might induce in design is to optimize the “fi t” between one system and another—between 
one system and other systems—between humans and “machines” (i.e., between people 
and furniture, product design, etc.). In a sense, designers do not design furnishings, design-
ers design systems—creating larger systems out of smaller subsystems—and we design 
systems to integrate within larger systems. Anything can be considered a system, including 
human beings, and each system is part of a larger system, while simultaneously being com-
posed of a series of smaller subsystems.

Take a particular chair design, for example. How much weight does it have to support? 
What issues arise in terms of ingress and egress? How is it to function? How should it be 
made? How much does it cost? How durable is it? What is its intended environmental 

Figure 5.2 Rocker designed and fabricated by Sam Maloof. Drawing 

courtesy of Jim Postell.
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context? Who is going to use it? What is the age of the user? What is it going to go with? 
These are just a few of the many questions to consider in determining a base for judging 
the value of the design of the chair.

Designing and fabricating furniture is one way of learning about furniture design. 
Remember to note the successes and failures that occur from conception through the life 
of a piece. Inquiry is an active part of the process of design, and one makes observations 
and takes notes along the way. Successes and failures during the process are part of one’s 
research. Theories develop from designing, fabricating, and experiencing furniture, as well 
as through reading, writing, observing, and studying furniture.

The human body is a network of interrelated systems (nervous, skeletal, muscular, vas-
cular, etc.). Similarly, furniture can be conceived of as a series of interrelated systems. In the 
1960s and 1970s, it was popular to think about design as the management of systems. One 
did not design a chair or a table; one designed systems with which human and building 
systems interacted. Offi ce furniture was known as systems furniture because of its integra-
tion of physical, structural, spatial, and electrical systems. Seating devices were referred to 
as human body support systems.

Systems theory grew out of human factors engineering and deconstructed the modern-
ist use of the word function into an array of systematic relationships. In systems theory, the 
primary objective of design was to optimize the fi t between humans and machines. Systems 
theory contributed to a paradigm shift in the way people thought about design in general 
and furniture design in particular.

Mapping and modeling the human body while standing, leaning, squatting, or sitting can 
be a good exercise to help designers understand body posture and body space 
(Figures 5.3 and 5.4). Human factors specialists rely on scientifi c methods and an enormous 
amount of research to better understand aspects of measure, posture, and physiology. However, 
the paradigm shift toward this line of research never took root within the design community, 

Figure 5.3 Mapping different postures of the human body at 1:1 scale. 
Photography by Jim Postell, 1990.

Figure 5.4 First-year design studio construction exercise at the University of 
Cincinnati—human fi gure reclining, design by Elizabeth Rajala (2003). Photography 

by Elizabeth Rajala, 2003.
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and systems theory lost its momentum by the mid-1980s to more cultural, humanistic, and 
phenomenological considerations. The awkward terminology contributed to its demise, but the 
rigorous and scientifi cally based research infl uenced the modern offi ce workplace.

FIRMITAS, UTILITAS, AND VENUSTAS

For years, architectural theories were dependent on three interrelated terms—fi rmness, 
commodity, and delight. The Latin terms of origin fi rmitas, utilitas, and venustas are attrib-
uted to Vitruvius’s text, The Ten Books of Architecture, originally titled de Architectura, 
written in 79 CE Sir Henry Wotton translated the Latin terms in his 1624 treatise, The 
Elements of Architecture, as follows: “The end is to build well. Well building hath three 
conditions: fi rmness, commodity, and delight.”4

From the phrase “fi rmitas, utilitas, and venustas” a theoretical framework emerges that 
is useful in guiding broad inquiry relative to furniture design. In this book, theories of furni-
ture design are outlined accordingly:

Firmitas: Structural integrity, materials utilized, joinery, and tectonic composition 
(how furniture is made and held together)

Utilitas: Use and experience (perfor-mance, comfort, and how furniture functions 
and feels)

Venustas: Form, spatial organization, and aesthetics (how furniture looks, fi ts within 
space, and expresses meaning)

This model builds on an interpretation of Vitruvius and Wotton, 
but it also acknowledges the writings and designs of others who 
have contributed to a larger, more collective framework.

Keep in mind the links that theory has with time and place. 
Theory is connected to, and intertwined with, the spirit of the age 
from which it emerges. Furniture design supports this notion and 
needs to be considered in a spatial and temporal context. Ideas and 
perspectives about furniture embrace a range of issues that change 
over time and are infl uenced by culture, politics, economics, and 
place. Theories of furniture design consider the composition of 
parts (i.e., tectonics, materials, and structural integrity), function 
(i.e., ergonomics, comfort, and social use), and meaning (i.e., aes-
thetics and semantics) of built-form (Figures 5.5, 5.6, 5.7, and 5.8).

Firmitas

Firmness (fi rmitas) refers to the structural integrity and tectonic compo-
sition of furniture. Firmness is dependent on fabrication techniques, the 
quality of materials and workmanship, and the spatial relationships 
among the components and between the parts and the whole. Applied 
forces, such as lateral forces, challenge the physical integrity of furni-
ture. Lateral forces, live loads, and gravity should be carefully consid-
ered when designing furniture. Lateral forces routinely cause joints and 
connections to fail. Braces, skirts, folds, and applied hardware serve to 
resist lateral forces and improve the structural integrity of furniture.

Figure 5.5 Analytic study, sketches made by a DIS student of the 
folding stool, designed by Mogens Koch. Drawing by DIS 
student. Courtesy of Erik Skoven, DIS and Danmarks 

Designskole, Department of Furniture and Spatial Design.
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Figure 5.7 Bound-Un-Bound, 
upholstered seating in its 
“bound position,” designed by 
Komplot Design (2002). 
Photography by Komplot 

Design.

Figure 5.6 A man sitting in 
four different leaning posi-
tions—depicting motion of sit-
ting due in part to the molded 
fi berglass backrest that is 
attached to an armrest-seat shell 
with die-cast aluminum lengths. 
MAA chair, designed by the 
offi ce of George Nelson (1958), 
manufactured by Herman Miller, 
USA, and Vitra, 
Switzerland. Rooks 

Photography. Courtesy of 

Herman Miller, Inc.
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Figure 5.8 Bound-Un-Bound, upholstered mattress, in its “unbound position,” 
designed by Komplot Design (2002). Photography by Komplot Design.

Figure 5.10 Assembled deck chair. Photography by Ole Akhøj.

Figure 5.11 Trestle table, fabricated by Jonathan Bruns of Sachi 
Woodworking (2005). Photography by Jonathan Bruns.

Figure 5.9 Unassembled deck chair, designed by Erling Christoffersen 
(2004), fabricated by Rønne & Askou. Photography by Ole Akhøj.

Consider the economy and structural integrity achieved in the deck chair (Figures 5.9 
and 5.10) designed by the Danish architect Erling Christoffersen and fabricated by Rønne & 
Askou. The individual elements of the lounge are relatively fl exible when unassembled, but 
as the contoured wood planes are drawn tight, the lounge transforms and becomes rigid.

A solid walnut trestle table (Figure 5.11) is detailed differently than a veneered table 
(Figure 5.12). This is so because lumber expands and contracts due to changes in humidity, 
while veneer demands a stable substrate. A solid lumber table must allow for expansion and 
contraction perpendicular to the wood’s grain or the design will fail.

Danish furniture designer Børge Mogensen (1914–1972) was trained as a cabinetmaker. 
His Windsor-type armchair (1944) is remarkable in its structural integrity and the economy 
of its parts (Figure 5.13). As in most Windsor chairs, both legs and stretchers are turned 
with increased thickness where they receive smaller members. The back spindles are placed 
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Figure 5.12 Veneered table, designed by Jim Postell (2002), fabricated by 
Contract Fixtures, Inc. Photography by Jim Postell.

Figure 5.13 Windsor-type armchair fabricated by Børge Mogensen (1944). 
Drawing by Randi Sigrid Andersen and Elsebeth Balsløw, DKDS 
students. Courtesy of Jens Overbye, Lecturer, Interior Architect, MDD.

in compression, and the curved outer member is in tension as pressure is applied to the 
back. The open spindles are ideal solutions for outdoor settings, allowing breezes to pass 
through without blowing the chair over. The chair’s seat is generally made from solid wood, 
gently carved out to create a concave shape for comfort. The Windsor chair was originally 
called the stick chair, fi rst appearing in the early 1700s. By the mid-1700s, the generic 
design was widely in use (Figure 5.14). There are many variations of the Windsor-type arm-
chair, all of which are lightweight and durable.

Wood is not a uniform material. It has a range of physical characteristics and properties 
including grain, knots, growth rings, heartwood, sapwood, burls, and decay. These 
imperfections and irregularities will affect the structural characteristics of items made with 
wood. Some hardwoods are relatively soft, such as basswood, and some softwoods are 
relatively hard if allowed to grow slowly (as was once the case for southern yellow pine). 
Some woods adhere well with carpenter’s glue, such as Honduran mahogany, while 
others require polyurethane glue or epoxy glue to adhere freshly cut boards, such as ebony 
due to its density. Some woods are inherently stable (they don’t easily cup, warp, or bend 
after being worked by the jointer or planer), such as walnut, while other woods are dimen-
sionally unstable, such as beech. Most hardwoods have an open cellular structure, such as 
red oak, but some hardwoods, such as white oak, have a closed cellular grain.
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Wood has many properties. This demonstrates how important 
it is for both the designer and the fabricator to understand the 
unique characteristics of each species when specifying it in design. 
The cellular structure, the type of adhesive, the joinery, and the 
moisture content of lumber will affect the structural integrity of 
the design. Wood is one of several materials used to make furni-
ture. The physical properties of other materials such as fabrics, 
metals, and plastics are equally important and are discussed further 
in Chapter 7.

Ideas can be expressed through details. Workmanship, struc-
tural integrity, and aesthetics are clarifi ed through joinery. The word 
detail shares its origin with the word tailor, meaning a craftsperson 
who knows how to sew together individual pieces of fabric to 
make a complete set of clothes for the human body.5 The tailor, 
furniture designer, and furniture maker face similar challenges in 
how to join materials properly and consider human form and func-
tion in doing so.

Utilitas

Utility must precede beauty.
Christopher Dresser, “General Principles of Ornament,” The 

Furniture Gazette, London, 1877, pp. 173–174.

Commodity (utilitas) is determined from a range of observations 
and experiences based on how well furniture functions and feels. 
In this book, commodity refers to comfort, ergonomics, social use, 
and the tactile experience of using furniture. It introduces ideas that 
contribute to an area of knowledge known as human factors, 
which involves scientifi c research on the interface between the 
human body and the built form. Human factors data are objective 
and scientifi cally determined, but the data are always subject to 
political and social frames of reference. Human factors encompass 
many areas of research, including accessible design, anthropomet-
rics, ergonomics, posture, proxemics, and universal design.

Human factors specialists are advocates for the user. Relatively 
expensive, mass-produced offi ce chairs such as the Freedom chair 
(Figure 5.15) rely signifi cantly on human factors research. Before 
the Freedom chair went into production, Humanscale invested in 
extensive anthropometric research and considered theories of ergo-
nomics, body position, and body movement. Niels Diffrient 
designed the Freedom chair in 1999 for Humanscale. The chair’s 
headrest tilts forward as the sitter reclines, keeping the head in an 
upright position. The armrests adjust independently of one another 
as they pivot off the double spine that supports the chair’s backrest. 
Diffrient brought his background in industrial design 
and his engineering know-how to complement the need for an 

Figure 5.14 Windsor-type armchair (1760–1768) in walnut, 
attributed to Francis Trumble (1716–1798). Photography by Jim 

Postell, 2011.

Figure 5.15 Freedom chair, designed by Niels Diffrient (1999), 
manufactured by Humanscale, 2000. Photography courtesy of 

Humanscale.
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ergonomic chair that emphasized the “human factors” in today’s offi ce 
designs.

Furniture physically and spatially embraces the body. One can sit and 
lie upon, work at, and touch furniture (Figures 5.16, 5.17, and 5.18). 
Designers need to experience their designs physically before they can 
accurately evaluate their work. Considering tactile experiences (haptic 
sensations) in design is important.

Ergonomics (i.e., fi tting the task to work within the limits of the 
human body) presents challenges through which design is often evalu-
ated. Commodity can be considered the interface between function and 
ergonomics. Design solutions seek to fi nd a match between the measure 
and physiology of the body, the tactile experiences of use, and aspects 
of health, welfare, and pleasure.

Observing, documenting, and analyzing how people sit, reinforces 
compelling arguments for the need to maintain muscular strength, 
provide easy access, and allow for a range of postures and body move-
ment while seated (Figure 5.19). Personal observations and individual 
inquiry may challenge traditional theories of ergonomics, which in the 
past attempted to facilitate static seated postures for extended periods 
of use.

Changing body postures, body movement, supporting the body’s 
weight, and maintaining lumbar lordosis are important aspects to 

Figure 5.16 A study of the parameters of reaching while sitting upright. Sketch by 

Gil Born.
Figure 5.17 Reclining recliners. Photography copyright © 

William A. Yokel, 2005.

Figure 5.18 Carrying a 12.5-lb processional cross. 
Photography by Jim Postell, 1993.
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consider when designing a chair. Today, we 
understand more about the measure and phys-
iology of the body than ever before. However, 
designers should remain open to new ideas 
about comfort and use, because our knowl-
edge of ergonomics and human factors is in a 
constant state of fl ux.

Anthropometrics
Anthropometrics is the science of determining 
anatomical measurements and understanding 
the physiology of the human body6 (Figure 
5.20). Researchers working in the area of 
anthropometrics generate statistics from 
different age groups, body sizes, and body 
proportions, different ethnicities, gender dis-
tinction, and different populations to under-
stand the similarities and differences in the 
human form. Knowledge of the physiology and 
measurement of the human body is critical for designing furniture. However, the application 
of anthropometrics does not require the designer to assume that comfort is scientifi cally 
achievable by “fi tting” the structure and movement of the body with furniture. Nonetheless, 
anthropometric data are an important resource for furniture designers and are helpful in 
determining the dimension, size, and material of furniture designs.

The following questions utilize anthropometric data in their response:

Figure 5.19 Observing the inward compression of the lower vertebrae. Photography by 

Peter Chamberlain.

Figure 5.20 Anthropometric 
terms and measurable 
 parameters for sitting. Drawing 

courtesy of H. Bradley 

Hammond.
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 � What is a reasonable height of a chair’s seat pan for the average adult?
 � What is the height of the seat pan relative to the length of the body’s popliteal 
dimension?

 � What is a reasonable angle of the seat rake for reading?
 � How might the choice of materials contribute to the experience of sitting?
 � What is a reasonable height of a table surface for dining for an average man, 
woman, child, or adult in a wheelchair?

 � Where on the body is the vascular fl ow most susceptible to outside pressure?

Body posture and appropriate support are some of the many dependent relationships 
that furniture designers need to consider (Figure 5.21), and one can analyze these in plan 
as well as section. To help determine dimensions, materials, and form, designers may 
inquire: What is the intended purpose of the chair or table? Who are the intended users? 
How will the furniture be used? The signifi cance of these questions becomes evident when 
a chair or table is designed for the fi rst time.

Anthropometrics is a term that industrial designers, interior designers, engineers, and 
architects share with researchers working in the area of human factors. The works of Henry 
Dreyfuss, The Measure of Man (1960), Human Scale (1974; reissued in 1981 with his pro-
tégé, Niels Diffrient), and The Measure of Man and Woman (revised edition, 2002) are 
important in the fi eld of anthropometrics. Human Scale was a signifi cant step forward in 
the process of documenting the physiology and measurement of the human body. Although 
Dreyfuss initially emphasized white males in gathering data on the physiology and measure-
ment of the human body, his research expanded and eventually included the physiology and 
measurement of women in the revised edition of The Measure of Man and Woman. The 
revised work presented a statistical analysis of the human body in a range between the 5th 
and 95th percentiles of the American population. This extensive range (90 percent of the 
population) contributes to our understanding of the measurement and physiology of the 
human body and establishes a political and social context of an extent that design ought to 
accommodate.

This work, and the work of others, has challenged preliminary theories of ergonomics, 
advancing a collective understanding about design in general relative to the physiology and 
measurement of the human body. Researchers have also investigated the space that sitting 
in different postures occupies in both plan view and section (Figure 5.22). Furniture design-
ers should seek to understand as much as possible regarding the physiology and measure-
ment of the human body and its interface with built form. One opportunity in this regard 
is to enable more movement and variation of posture into chair designs. Another option is 
for everyone to spend less time sitting.

Figure 5.21 Human supports for a range of sitting postures. Image courtesy of Peter Chamberlain in proxy for Dr. Enshu Moritani.
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The following list outlines dimensional and quantitative characteristics of 
the human body:*

General Body Characteristics and Dimensions

 � Surface area of the skin: Adult males 2.2 m2, females 1.9 m2

 � Weight: Adult males 110–215 lbs; females 92–175 lbs
 � Standing height: Adult males 68.3 inches; females 62.9 inches; 
boys (age 12) 58.8 inches; girls (age 12) 58.8 inches

 � Eye height (standing): Adult males 64.7 inches; females 60.3 inches
 � Eye height (sitting): Adult males 31.3 inches; females 29.3 inches
 � Overhead reach: Adult males 88.0 inches; females 79.0 inches
 � Popliteal height: Adult males 17.3 inches; females 15.7 inches
 � Buttock-to-knee length: Adult males 23.3 inches; females 22.4 
inches

 � Buttock-to-popliteal: Adult males 19.5 inches; females 18.9 inches
 � Knee height: (sitting): Adult males 21.4 inches; females 19.6 inches
 � Eyebrow-to-fi ngertip: Adult males 19.0 inches; females 17.4 inches
 � Shoulder breadth: Adult males 17.9 inches; females 15.7 inches
 � Foot length: Adult males 10.4 inches; females 9.4 inches
 � Breaths per minute at rest: Adult males 14–18; females 20–22
 � Street clothes for men weigh: Adult males 5 lbs; females 3½ lbs
 � Winter clothing: Adult males 10 lbs; females 7 lbs

Strength
 � Left arm is generally 10 percent weaker than the right arm.
 � Male strength increases the fi rst 20 years, holds between 5 and 
10 years, then gradually decreases. Between the years 15 and 20, 
males are at their maximum strength. At 60 years, males are 25 
percent less strong than at their original peak.

 � Females reach their peak at age 30. Women are generally 30–35 
percent less strong than men

 � Tallest man: 8 ft 11 inches; tallest woman: 7 ft 7.25 inches
 � Smallest man: 26.5 inches; smallest woman: 23.4 inches
 � Average U.S. adult is growing taller at a rate of 0.4 inches (1 cm) per decade.
 � Strength is affected by altitude; 15 percent loss at 10,000 ft, 40 percent at 29,000 ft.

The Spine and Vertebrae
 � Cervical vertebrae: The vertebrae in the neck area of the backbone.
 � Thoracic vertebrae: The 12 vertebrae in the chest area of the backbone
 � Lumbar vertebrae: The 5 vertebrae in the abdominal area of the backbone.
 � Sacral vertebrae: The “tailbone,” which is composed of the sacrum and coccyx 
fused together.

Basic Terms with their Defi nitions
 � Isometric strength: The maximum force that muscles can exert when muscle length 
changes

*All fi gures are taken at 50 percent category. As a rule, design parameters ought to include all adults 
between 2.5 percentile and 97.5 percentile.

Figure 5.22 Technical body, motion, and study of 
sitting dimensions (plan and elevation). Image 

courtesy of Peter Chamberlain in proxy for 

Dr. Jirou Ohara.
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 � Concentric force: The force exerted when the muscle is shortened against an 
external force.

 � Effort: physiological strain, both static and dynamic.
 � Work: dynamic effort.
 � Endurance: the ability to continue work or exert force.

Work Output
 � Sleeping: 65 calories per hour
 � Walking slowly: 200 calories per hour
 � Walking up stairs: 1,100 calories per hour
 � Energy consumption per day: 3,450 calories
 � 8 hours of sleep: 520 calories
 � 3 hours of light work: 510 calories
 � 8 hours of medium work: 1,920 calories
 � 5 hours of sitting: 500 calories

Ergonomics
The study of ergonomics focuses on work and how work is done. It seeks to establish a 
healthy fi t between performing a task, the limits of the human body, and parameters estab-
lished in the designed product (Figure 5.23). This thesis is based on the assumption that the 

Figure 5.23 The relationship 
between the lower lumbar 
vertebrae and hip while 
seated. Image 

courtesy of Humanscale.
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body is healthier if it is not stressed beyond the normal limits of muscle, bone, posture, and 
so on. The term ergonomics entered the modern lexicon when Wojciech Jastrzebowski used 
it in an 1857 article on the subject.7 Since then, ergonomics has often been used synony-
mously with the total application of human factors, including the terms universal design and 
accessible design, but semantic distinctions between these terms are important to 
understand.

The term ergonomics comes from the Greek words ergos, meaning “work,” and nomoi, 
meaning “natural laws.” An ergonomic design solution adapts the task to fi t the natural 
limits of the person rather than forcing the limits of the person to conform to the task or 
the design. The goal of ergonomics is to optimize how well design (or habits) can enable 
work to be accomplished, considering the physical and psychological limits of the human 
body. Body posture and the physical limits of reaching, pulling, lifting, and pushing are fac-
tors to consider in ergonomic design.

Many offi ce chairs are labeled and branded as ergonomic seating. A chair is ergonomic 
only when the limits of the user correlate with the task at hand. A chair with a right-handed 
tray is not ergonomic for a left-handed user, and fi xed auditorium seating is not ergonomic 
for interactive class discussions. The term ergonomics applies to experiences and tasks 
(which are temporal) and less directly to objects and furnishings.

Consider ergonomics by looking at its prefi x, erg, a unit of measure of work or energy, 
and render the suffi x, nomics, as having to do with effi ciency. A body of knowledge regard-
ing the effi ciency of work grew out of funded research for the U.S. military in the 1940s 
and 1950s. This research was extended to include the study of blue-collar work consider-
ations in the 1960s and eventually to white-collar offi ce environments in the 1970s. In the 
1980s, with the introduction of computers and other equipment into the workplace, ergo-
nomic research concentrated on repetitive strain injuries as well as neck and lower back 
disabilities caused by poor spatial arrangements, infl exible furniture and equipment, and 
poor work habits. Ergonomic research responded to the growing cost of injuries and dis-
abilities that occurred in factories, laboratories, and offi ce environments.

In recent years, there have been dramatic increases in cumulative trauma disorders 
(CTDs), repetitive motion disorders, and other work-related injuries and illnesses due to 
ergonomic hazards. These injuries, which affect the musculoskeletal and nervous systems, 
may be caused or aggravated by repetitive motions, forceful exertions, vibration, mechanical 
compression, hard surfaces, and sustained or awkward postures held for extended periods 
of time. CTDs affect nearly all tissues. Nerves, tendons, tendon sheaths, ligaments, and 
muscles are frequently injured by poor furniture design and poor use. CTDs are recognized 
as a signifi cant health hazard in the workplace and account for the largest share of occu-
pational illnesses known as repeated trauma disorders, according to the Bureau of Labor 
Statistics.8 Today, the need to make work effi cient incorporates concern for making work 
and the tools used to work with more healthful, safe, and environmentally green.

Furniture designed from an ergonomic perspective focuses on task-specifi c operations. 
Ergonomic research also considers multiuse and multiusers. Ergonomic furniture is marketed 
to businesses where liability and public welfare are of concern and functions such as typing, 
lifting, and pulling may cause medical problems. Smart seating, adjustable work surfaces, 
wrist relaxers, posture guidelines for working at a computer keyboard and monitor, policy 
concepts regarding the need to take breaks, the importance of vascular circulation, and 
body movement have been introduced and integrated into ergonomic research topics. The 
Ergonomics Data Sheet compiled by the U.S. Department of Labor in 1989 states that, 
“ergonomists, industrial engineers, occupational safety and health experts, and other 
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trained individuals believe that at least one-half of all workplace safety and health problems 
could be reduced by changes in ergonomic conditions.”9 Nearly all of the ergonomic 
changes proposed by the Department of Labor impact the design and use of furniture.

The size, material, and form of chairs should provide ergonomic support and utilitarian 
function. Dimensions of the user and operative tasks are important considerations in chair 
design. In addition, four utilitarian factors ought to be considered when designing human 
body supports:

1. Supporting the weight of the user
2. Eliminating pressure points
3. Enabling body movement
4. Maintaining lumbar lordosis

Supporting the weight of the user: The fi rst consideration is how to support the weight 
of the user for the task at hand. Traditional views suggest that ergonomic seating should 
distribute the weight of the user evenly. However, supporting the body is often limited to 
selective areas: the lower back, ischial tuberosities, and arms. The seat rake is the angle of 
the seat back to the seat pan. Designers and ergonomic researchers study the correlation 
between seat rake and posture. Studies of different seating profi les, including Clara A. 
Ridder’s body-neutral posture research (resulting in the Ridder Curve),10 are important to 
consider in chair design. Further, an inclined seat back may help distribute the weight of 
the body.

Eliminating pressure points: A second consideration is the need to eliminate or minimize 
pressure points. Pressure points can constrict the fl ow of blood through the body and can 
affect the nerves that transfer sensation to the brain. This can cause discomfort, lead to the 
sensation of pins and needles, paresthesia,11 and eventually lead to numbness. The area 

behind the knee is particularly sensitive to pressure and applied force. 
In ergonomic seating, a waterfall seat front, a seat height that is no 
higher than the popliteal dimension, an upholstered seat, or a con-
toured seat pan are strategies to minimize uncomfortable pressure 
points while being seated (Figure 5.24).

There are two triangular seat bones inside the buttocks called 
ischial tuberosities. Research indicates that approximately 65 per-
cent of the body’s weight is transferred through these bones to the 
seat of the chair when sitting.12 The shape, angle, and curvature of 
the seat pan affect the amount of pressure applied to these two bones 
when sitting. The height of the seat pan ought to be slightly less than 
the length behind the user’s knee to the fl oor. The vertical dimension 
from the underside of the thigh at the knee to the bottom of the foot 
on the fl oor is the popliteal dimension. After adjusting for heels, 
clothing, and other issues, the popliteal dimension is useful in deter-
mining the height of the chair seat. The height of the seat pan in 
mass-produced chairs is generally 17 inches (43.2 cm)—falling in the 
middle of the American National Standards Institute (ANSI) recom-
mendation for the range of seat height adjustment: 15 to 20½ inches 
(38.1 to 52 cm).13 It is critical that the seat pan be no higher than the 
popliteal dimension of the user. Traditional theories suggest that the 
feet ought to rest fi rmly on the fl oor. This will minimize pressure 

Figure 5.24 A stool’s contoured seat pan. Photography by 

Jim Postell.
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points, increase the stability of sitting, and help distribute the weight of the body more 
evenly. In theory, consider a 135-degree angle between the spine and the thighs as a place 
to start, bringing the knees signifi cantly below the seat pan. This angle places the pelvis 
and spine in a body-neutral position; however, very few chairs accommodate this angle. 
A different but related angle to consider is the seat-to-back angle, which generally 
ranges from 95 to 105 degrees. ANSI recommends that this angle be between 90 and 
105 degrees.

Enabling body movement: A third ergonomic consideration is to enable body movement 
while being seated. Though posture is dependent on time and societal norms, it is not a 
static condition. The human body is always moving, seeking comfort and different positions 
when sitting, resting, or sleeping. Without movement, our muscles would not be allowed 
a certain degree of activity, and that would result in signals being sent to our nerve center 
telling us that we uncomfortable. Consider chair designs that allow people to distribute 
their weight, adjust their posture, and use their muscles when sitting. Designers should 
allow enough space and appropriate body support in their designs to enable a variety of 
body postures for the body and for body movement.

Maintaining lumbar lordosis: The fourth aspect to consider in supporting the human 
body is the curvature of the lower lumbar vertebrae and the angle of the hip when 
seated. Contemporary theory seeks to maintain lumbar lordosis while seated, which is 
the natural curvature of the spine when standing. When the lower lumbar vertebrae are 
compressed forward (which occurs when sitting on a fl at surface), they become pinched. 
This can be painful and harmful to the fourth and fi fth lumbar disks over time. Inward 
compression of the lower lumbar vertebrae results when leaning forward over a desk or 
work surface. This results in the fl attening of the lumbar curve, which is called kyphosis. 
Designers should avoid this condition through design whenever possible and consider 
ways of maintaining lumbar lordosis for the seated user. Rotating the pelvis forward helps 
maintain the natural curvature of the spine.14

Moving from a standing position (lumbar lordosis) to an upright sitting position bends 
the hip joint and rotates the pelvis, fl attens the lumbar curve (kyphosis) of the back, and 
strains the muscles in this region. One should consciously maintain a wide angle between 
the torso and the thighs in design, and in doing so, attempt to maintain lumbar lordosis for 
the user while in a seated position.

Though ergonomic criteria are critically important aspects in designing a chair, this does 
not mean that other criteria are of less importance. Related to ergonomics is the subject of 
posture and the various positions assumed by the human anatomy when sitting or sup-
ported by furniture.

Posture
Furniture affects posture, which in turn, infl uences how people sit, work, rest, and socially 
gather. Conversely, observing how people naturally sit, work, and rest can inspire design 
ideas (Figure 5.25). Posture expresses cultural, societal, and gender-based considerations. 
Posture also reveals formal and informal patterns of behavior, spatial communication, and 
social interaction. An ideal posture does not exist because human beings cannot hold any 
single posture for long periods of time. Posture is always changing, driven in part, by the 
need to redirect the fl ow of blood and relieve pressure applied to the body over time. How 
people communicate in and through space and how people sit directly affect how well 
furniture functions and feels.
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Posture is a concept that reveals continuous body movement when sitting, standing, or 
walking. The position of the body is always shifting to seek comfort. Posture expresses social-
spatial communications between people, driven by cultural norms, and physiological factors. 
An interesting aspect of posture to consider in design is the infl uence that our legs and feet 
have upon body posture. What people do with their legs and how people control their 
feet are important criteria in the design of a chair, stool, or sofa. When people sit upright to 
work or concentrate, their legs and feet are naturally pulled back under the seat pan of the 
chair, and often assume the lowest possible position, limited in most cases by the fl oor itself. 
Inversely, when people recline in a relaxed posture, the natural tendency is to stretch out the 
legs and feet in a raised and supported posture.

Poor posture has been a factor in litigation cases involving worker’s compensation claims 
and loss of income due to medical disabilities resulting from improper design and use. Poor 
work habits and bad posture contribute to physical problems with the back, neck, and 
wrists, which motivates further research on ergonomics and posture.

During the twentieth century, chairs and desks in schools were designed to keep the 
body and eyes forward and to place the hips, knees, and ankles mostly at right angles in an 
upright-seated position, with feet fi rmly planted on the ground. Often, desks and chairs 
were integrated with one another (Figure 5.26). Today, this is not considered a healthful 
design. The integration of chair and desk offers little fl exibility of use. Further, it is diffi cult 
to maintain a static or fi xed position for a substantial period of time.

Research studies during the past 20 years have pointed out that when sitting in this 
manner, the hip joints actually bend only 60 degrees. An additional 30 degrees of bending 
occurs in the lumbar region of the lower back.15 This bending straightens the lumbar ver-
tebrae, straining muscles in this critical region. Figure 5.27 shows how the angles of the hip, 

Figure 5.25 Sitting on cases of beer. Photography by Jim Postell, 2006.

Figure 5.26 Integrated chair and desk (school furniture). Photography 

by Jim Postell, 2006.

Figure 5.27 Body posture profi le studies. Image courtesy of Peter Chamberlain in proxy for Dr. Enshu Moritani. Image source: Enshu Moritani.
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knee, and back correlate with one another in different postures 
ranging from standing to lying down (with and without body 
support).

Contemporary thinking suggests that a sitting posture in a nat-
ural resting position is healthful (Figure 5.28). This allows the spine 
to carry the body’s weight in a more comfortable way. This concept 
has been called balanced seating, a term coined by A. C. Mandel, 
chief surgeon of the Finsen Institute in Copenhagen, Denmark.16

Correlations between a chair’s formal characteristics and body 
posture, use, and comfort are important factors to investigate. The 
paired images in Figures 5.29 through 5.32 reveal interesting cor-
relations between chair designs and body postures. The chairs were 
designed and fabricated by students enrolled in Denmark’s 
International Study Abroad Program (DIS) summer furniture work-
shop taught at the Danmarks DesignSkole in Copenhagen. For ten 
years since the year 2000, Professors Erling Christoffersen, 
Flemming Jensen, and Bjørli Lundin taught a summer workshop in 
which design students from different American programs design 
and fabricate a chair (human body support). The choice of what to 
design and fabricate was left to the students, but the designs had 
to utilize one primary material: a limited amount of veneer, lumber, 
or metal rod. The images of the chairs paired with the images of 
students sitting on their chair designs reveal interesting correlations 
between furniture, posture, and design intention.

Proxemics
Proxemics is the study of how people communicate in and through space. It links the study 
of human behavior with social, cultural, spatial, and geographic contexts. It is an area of 
study that considers eye contact, body language, posture, and social customs, as well as 

Figure 5.28 Sitting in a relaxed position. Photography copyright 

© William A. Yokel, 2005.

Figure 5.29 Denmark’s International Study Program: Summer Furniture 
Design Workshop—chair designed and fabricated by Jessop Kozink. 
Photography by Bjørli Lundin.

Figure 5.30 Denmark’s International Study Program: Summer 
Furniture Design Workshop—chair with design student. 
Photography by Bjørli Lundin.
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intimate, personal, social, and public spatial zones of interaction and communication 
(Figures 5.33 and 5.34). Notions of privacy, intimacy, crowding, defensible space, and ter-
ritoriality are aspects to consider when arranging furniture in space.

Benches designed by Gunnar Asplund for one of the grieving chapels at Skogskyrkogården 
(Woodland Cemetery in Stockholm, Sweden), have a 15-degree angle incorporated in plan, 
dividing and joining the benches into two nonsymmetrical parts. This angle promotes eye 
and body contact better than a conventional bench would and symbolically draws together 
two parts into a whole (Figure 5.35).

The term proxemics is attributed to the research and writing of anthropologist Edward 
T. Hall.17 In 1963, Hall described the measurable distances between people as 

Figure 5.33 Observing—body posture and spatial communication. 
Photography by Peter Chamberlain.

Figure 5.34 Observing—social gathering around Når Enden er God; designed 
by Søren Petersen, (2006), fabricated by Davinde Savvaerk. Photography by 

Jim Postell, 2006.

Figure 5.31 Denmark’s International Study Program: Summer Furniture 
Design Workshop—chair designed and fabricated by Emily Lauren Green. 
Photography by Bjørli Lundin.

Figure 5.32 Denmark’s International Study Program: Summer Furniture 
Design Workshop—chair with design student. Photography by Bjørli 

Lundin.
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they interacted. Hall’s work in the areas of sociology and 
anthropology was reinforced and developed further by the 
research and writing of psychologist Robert Sommer, Donald 
Preziosi, and the video documentaries of William Whyte.

Cultural and societal notions of how people interact 
with one another and their patterns of behavior are impor-
tant to understand. The size, location, and orientation of 
furniture directly infl uence patterns of behavior. Seating and 
table arrangements can infl uence the perception of space and 
contribute to the social and psychological experience of 
space.

For example, crowding is known to increase irritation and 
stress, leading to friction, arguments, and even crime.18 
Curiously enough, crowding is not entirely dependent on 
density; rather, it has to do with one’s personal ability to 
maintain a sense of control in a given spatial context for a 
period of time. Crowding is a mental construct of how people 
react to a given situation as much as it is a quantitative mea-
sure of the density of people per square foot. Confi guring 
furniture in a classroom or restaurant into clustered arrange-
ments can help reduce the perception of crowding. Furniture 
designers need to understand the social grouping dynamics 
and behavior patterns of those who will use their designs as 
much as they need to understand code regulations and occu-
pancy standards when organizing and composing furniture 
in space.

In The Hidden Dimension, Hall pointed out that social 
distance between people could be measured and described in 
four categories:

 � Intimate distance for embracing, touching, or whispering (6–18 inches or 
15.2–45.7 cm)

 � Personal distance for interactions among good friends (1.5.4 feet or 0.45.1.21 m)
 � Social distance for interactions among acquaintances (4–12 feet or 1.21–3.65 m)
 � Public distance used for public speaking (12 feet or over 3.65 m)

The idea of navigating through one’s environment and the environments of others, 
including the cultural nuances in how people interact with one another, contributes to the 
study of proxemics.

Hall recognized that different cultures maintain different standards of personal space.19 
Proxemics concentrates on places and spaces where people congregate or pass through, 
such as airports, lobbies, and plazas, as well as private spaces, personal residences, and 
offi ce environments. Design can infl uence how people communicate in and through space, 
depending on the public or private setting, the people in the study, the characteristics of 
the furnishings, and the placement and orientation of the furnishings.

Refl ect upon the traditional elongated, rectangular dining table. The table’s form 
suggests a social hierarchy revealed through the correlation of its dominant axis and the 

Figure 5.35 15-degree bench detail, designed by Gunnar Asplund, 
Skogskyrkogården (Woodland Cemetery), Stockholm, Sweden. 
Photography by Jim Postell, 2006.
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place where the “head” of the household traditionally sits. 
Compare a rectangular dining table to a circular table, 
where there is no dominant axis (Figure 5.36). One might 
infer that primary and secondary orders, relative to spatial 
layout, suggest primary and secondary orders relative to 
social status. One can conclude that a circular table 
expresses an equitable group sharing without bias the col-
lective activity of working, talking, or eating. Following this 
line of thought, one might begin to see political, social, 
cultural, and gender-biased intentions in the conception 
and development of other pieces of furniture.

Venustas

What distinctions can be made between aesthetics, 
beauty, and delight? Delight is a personal reaction to physical or visual stimuli and is subjec-
tive. Pleasure is revealed by sensation through the tactile nature of materials, fi nishes, and 
comfort as well as the visual nature of color, shape, and form. For centuries, delight has 
been associated with concepts of pleasure; however, delight elicits a range of emotional 
reactions (positive and negative) closely linked to the notion of arousal.

Arousal theory has been infl uenced by the work of Daniel Berlyne, Joachim F. Wohlwill, 
Albert Mehrabian, and James Russell during the 1960s and 1970s. Laboratory work in 
experimental aesthetics and studies in the physical environment conclude that pleasure 
is related to the observer’s level of arousal, and arousal is infl uenced by the uncertainty 
created by the environmental stimulus.20 The pleasure-arousal hypothesis is based on 
Berlyne’s fi nding that pleasure and stimulus uncertainty are related. Berlyne theorized 
that pleasure resulting from exposure to a visual stimulus increases with stimulus uncer-
tainty until the observer’s arousal level becomes uncomfortably high, at which point 
pleasure decreases.

If pleasure results from exposure to a stimulus, then we might consider unpleasant as 
well as pleasant stimuli as inherent within the nature of beauty. The bombing of a Basque 
town during the Spanish Civil War inspired Pablo Picasso’s painting Guernica. The painting 
intends to make the viewer feel the horrors of the war, but the experience results in the 
sensation of pleasure.

Traditional ideas of beauty suggest that geometry, proportion, and form inspire and 
please both the mind and the soul. In architecture, design, and art, ideas about beauty, 
geometry, proportion, and form fuel the sensation of delight. In furniture design, placement 
and orientation in space along with the visual and tactile experiences generate delight.

Beauty

When I’m working on a problem, I never think about beauty. I think only how to solve the 
problem. But when I have fi nished, if the solution is not beautiful, I know that it is wrong.21

—Buckminster Fuller

Leon Battista Alberti (1404–1472) established theoretical principles that defi ned beauty as 
“the harmony and concord of all the parts achieved in such a manner that nothing could 

Figure 5.36 Sectional and circular Petal table, designed by Richard Schultz 
(1960) for Knoll. Photography by Jim Postell, 2006.
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be added or taken away or altered except for the worse.”22 Alberti’s statement emphasizes 
wholeness—an important concept to consider in design. Alberti describes the joining of 
lines and angles as an important and diffi cult task. Furniture designers must contend with 
the complete integration of structure, utility, spatial context, material, and aesthetics, in 
which any one factor can disrupt the harmony of design. Achieving harmony in furniture 
design is an ever-present challenge.

One way to understand the idea of aesthetics in furniture is to consider notions beyond 
beauty. Furniture design can be about comfort and production techniques, as well as about 
the organization of parts into a coherent whole. Consider the Eames lounge chair and otto-
man designed by Charles Eames for Herman Miller (Figure 5.37). The lounge and ottoman 
share intertwined relationships of material, form, and use.

The Eames lounge chair and ottoman refl ected Charles Eames’s awareness of tradition 
as well as his way of approaching a problem. For comfort, he rediscovered traditional 
upholstery components: down and feather-fi lled cushions and luxurious leather. For 
greater resilience, he incorporated the rubber shock mounts invented for the plywood 
chair. The chair is made up of three separate leather cushions, each with a curved ply-
wood back, shock-mounted to clearly visible connecting elements. This separation of 
parts made it possible for the fi rst time to mass-produce a chair as soft and deep as the 
English “club chair.” Eames’s sensitive uniting of old and new idioms made his lounge a 
chair of resounding beauty and comfort.23

The totality of the expressed components achieves a sense of a whole out of carefully 
integrated parts. The chair reveals a disciplined order that demonstrates the capabilities of 
the designer and offers inspiration for other designers to build upon.

Beauty is not limited to aesthetics. A signifi cant aspect of beauty lies in the experience 
of furniture, and in this regard, beauty is something that is entirely tangible. The essence 
of beauty is intertwined with use, experience, and aesthetics. Beauty is a complex 

Figure 5.37 Leather uphol-
stered lounge and ottoman, 
originally veneered in rosewood, 
designed by Charles Eames 
(1956), manufactured by 
Herman Miller. Photography by 

Earl Jones. Courtesy of 

Herman Miller, Inc.
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phenomenon that is dependent on several tangible and intangible components 
working together.

Aesthetics comes from the Greek word aisthetikos, meaning “perceptive, especially by 
feeling.”24 Aesthetics is the branch of philosophy dealing with the beautiful. Aesthetic 
theories intertwine with design principles. They serve as lenses through which judgment 
is made about formal qualities in furniture design. In the design phase, aesthetics are 
studied and modifi ed by using drawings and models. These efforts require a thorough 
understanding of geometry and the communication skills necessary to explore and refi ne 
design ideas.

Geometry
Euclid’s Thirteen Books of the Elements was written around 300 BCE and was translated by 
Sir Thomas L. Heath in the nineteenth century. It presents the rules and principles of geom-
etry, with a focus on lines, angles, planes, circles, ratios, proportions, polygons, and cylin-
ders. It is an important source that covers the mechanics of geometry. Geometry is the 
foundation of composition. In order to conceive, design, and draw furniture, one must have 
a technical or intuitive knowledge of the rules and principles of geometry.

Proportion
“Man is the measure of all things” according to Protagoras, the Greek philosopher of the 
fi fth century BCE. Proportion is derived from relationships within the human body (digit, 

palm, cubit [1 cubit equals the length of the 
forearm when extended], head, arm, propor-
tion of elegance) and from relationships 
between door size, windowsill height, room 
dimension, and so on. Furniture responds pro-
portionally to the human body and to the inte-
rior space in which it is placed.

Ad Quadratum and Ad Triangulatum
Ad quadratum (“by the square”) and ad tri-
angulatum (“by the triangle”) are geometric 
systems that designers have used to create 
unity in their work. Ad quadratum is based on 
the ratio of the side of any square to its diago-
nal (1:Œ2). Spatial and formal relationships in 
the chair’s components and inlay shown in 
Figure 5.38 were derived using ad quadratum 
geometry.

The Golden Section
The Golden Section is a ratio that results 
when a line is divided so that the short seg-
ment has the same relationship to the long 
segment that the long segment has to the sum 
of the two parts. It works out to be a unique 
mathematical proportion 1:1.6182 . . . as well 

Figure 5.38 Ad quadratum geometry used to compose a chair made of Baltic birch 
plywood, cherry, and neoprene 80. Computer model by Jim Postell, 1994.
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as .6182:1.25 The Golden Section was the principal proportional system used to resolve the 
plan, elevation, and section of the altar shown in Figures 5.39 and 5.40.

Analysis of the geometric basis for many design elements that employ the Golden 
Section illustrates an almost exact mathematical progression known as the Fibonacci series 
of numbers 0, 1, 1, 2, 3, 5, 8, 13 . . . in which each number is the sum of the two numbers 
preceding it.

Figure 5.39 Fabrication draw-
ing for an altar; the Golden 
Section can be seen in plan, ele-
vation, and section. Drawing by 

Jim Postell, 1994.

Figure 5.40 Altar, designed by Jim Postell (1994), fabricated by Heartwood Furniture 
Company. Photography by Jim Postell, 1994.
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The Golden Section and the Fibonacci series are related. Regarding the Fibonacci series, 
continuing to divide the larger number by the one that directly precedes it will, as the num-
bers increase, approach the Golden Section (1.6182 . . .)

The Golden Section and the Fibonacci series are proportional systems that have infl u-
enced aesthetic theories for centuries. From the Renaissance to modernism, systems of 
geometry have been inherently, intuitively, and deliberately incorporated in the design of 
furniture. Beginning with the shift to functionalism, however, the importance of geometric 
systems began to give way to more humanistic considerations of commodity, social use, 
and ergonomic theories. In today’s culture of digital design, there has been a reconsidera-
tion of Euclidean geometry and the Golden Section for more complex and organic formal 
possibilities through the use of digital hardware, digital software, and digital production 
machines.

MODERNISM

Modernism is more than a style. It is a philosophical way of thinking about architecture 
and design. It came into being in an emerging industrial world that rapidly embraced 
mechanization. When modernism emerged in the Western world in the 1930s, design 
had diffi culty building on or acknowledging history. It was an ideology encapsulated by 
the statement “form follows function,” often attributed to Louis Sullivan but initially 
used by the nineteenth-century sculptor Horatio Greenough (1805–1852).26 The modernist 
idea is that function and utility can and should create form. The question remains, however, 
what is function?

Modernist theory in furniture seeks to integrate social function and structural integrity, 
incorporate industrial materials and industrial fabrication processes, and determine how 
well furniture performs its job. Modernism considers function as a broad term with meaning 
at many levels. Concerns that affect the notion of function within the view of modernism 
include27:

 � What is the intended purpose of the furniture?
 � Are there secondary or tertiary purposes (social uses) to consider?
 � Who will use the furniture, in what context, and how often?
 � What tools, resources, energy, and processes are needed for fabrication?
 � What are the waste by-products of fabrication and the resources needed for 
distribution?

 � What societal or economic impacts result from either the fabrication or consump-
tion of the furniture?

 � At the end of its life span, how will disposal, recycling, or biodegrading occur?

The modern understanding of function relates back to utilitas but has a broader defi ni-
tion. The Chaise Longue (Figure 5.41) by Le Corbusier, his brother Pierre Jeanneret, and 
Charlotte Perriand epitomizes the modernist ideal through the use of industrial materials, 
deliberate expression of joinery, connectors, reveals, and expressive form that is dependent 
on a broad view of function and fabrication. In the context of modernism, conception, 
fabrication, and function are aligned with logical thinking, tectonic assembly, and industrial 
processes along with the desire for comfort or ergonomics.
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BUILT FORM AND CULTURE

People from different cultural backgrounds view 
the built environment in different ways. Correlations 
between furniture, culture, and use develop into 
complex associations between built form and cul-
ture. Culture is a frame of reference through which 
furniture is given social meaning, but culture is not 
the only referent. The 1960s was a time of social 
change for many people. It was time to question 
authority, and in design, it was a time when design-
ers began to focus upon humanist perspectives 
including program briefs and post-occupancy eval-
uations (POEs). POEs are research studies that focus 
upon a building after it has been occupied and used 
for a period of time. Scholars, architects, and designers sought stronger relationships 
between design theory and humanist theory. The late 1960s marked a renewed interest in 
programming, which focused attention upon the processes and methods used to better 
design complex buildings. It was also the time when vernacular design began to reemerge 
as something deeper than a minor interest in cultural geography. John A. Kouwenhoven 
coined the term vernacular to refer to designs carried out in everyday or routine ways 
without much conscious or formal planning.28

Sociologists, cultural anthropologists, engineers, and psychologists have developed a 
body of knowledge that has advanced the importance of cultural and social theories in 
design and architecture. The groundbreaking work of Irwin Altman, Leanne Rivlin, Amos 
Rapaport, and Edward T. Hall led to second- and third-generation scholars such as Michael 
Brill, Clare Cooper Marcus, David Saile, David Seaman, and Setha Low, who have contrib-
uted to the study of environment and social behavior. The fi elds of sociology, cultural 
anthropology, and cultural geography, in conjunction with the study of transgenerational 
design and advanced studies of ergonomic relationships, have all contributed to a body of 
knowledge useful to furniture designers. Contemporary furniture designs express societal 
and cultural meaning, despite how subtle the references may appear to be.

Our evolving understanding of societies and cultures relative to built forms has infl u-
enced the collective view of theory, making humanism a primary consideration in design 
research. Theory began to shift its perspective from aspects of form and function (modern-
ism) to more humanistic, societal, and cultural orientations during the late 1960s. Furniture 
designers began to break traditional and conventional rules of design, which in turn opened 
the door for new ideas and paradigms about furniture and design. The period from the late 
1960s to the mid-1970s was one of formal and social experimentation in furniture design. 
Studies about the experience of furniture began to emerge in humanistic and user-centered 
research. Placing people fi rst generated an interest in indigenous societies, vernacular 
design, and cultural geographies, and this in turn fueled an emergence of knowledge that 
evolved into built-form and cultural research and formation of the Environmental Design 
Research Association (EDRA).

Furniture addresses the needs of larger societal and behavior patterns that belong to 
specifi c institutions, regions, or global communities. Regarding societal patterns of behavior, 
furniture can be fully integrated within the daily life of people, as seen in the outdoor chairs 

Figure 5.41 Chaise Longue, designed by Charlotte Perriand, Pierre Jeanneret, and 
Le Corbusier (1928), manufactured by Cassina. Photography by Erik Skoven.
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and tables in many European cafés. For millennia, places of worship have embodied evolv-
ing and collective patterns of liturgical use. A pulpit rising well above freestanding chairs or 
pews hardly seems out of place, as do vernacular Turkish furnishings, Shaker furnishings 
hung on pegs on a wall when not in use, or offi ce workstations arranged in a grid. In every 
case, when a clear sense of cultural identity aligns itself with any given standard in regard 
to established patterns of behavior, links between furniture and specifi c societal groups 
appear seamless, revealing correlations between the behaviors and values of these groups 
and design.

Consider Shaker furniture and refl ect upon the image that comes to mind (Figure 5.42). 
Most likely, the image is of a naturally fi nished, handcrafted wooden stool, table, or box. But 
this can be argued as “out of step” with what is Shaker. Shaker culture can be diagrammed 
as one that grew in the early 1800s, reached its zenith in the mid-1800s, and then began its 
descent by the end of the nineteenth century. At the beginning and ending points of this 
culture, Shaker furniture was well crafted, naturally fi nished, and expressively detailed. No 
one piece was exactly like another, and the workmanship and wood grain were valued by 
both the maker and the user. At the height of the Shaker culture, furniture and millwork 
were painted with a milk-based paint (Figure 5.43), which gave a uniform appearance to the 
furniture and casework. All woodwork was made to appear similar. Different woods could be 
used and the paint hid the faults, details, wood grain, and craft distinctions, generating a 
formal and social sameness of the furniture. This way of thinking about furniture refl ects upon 
the correlations between culture and built form. Althought the Shaker way of life has long 
since disappeared, its furniture remains popular today, but it is the natural, uniquely crafted 
pieces that are popular rather than the painted works, calling into question whether Shaker 
furniture is deeply appreciated as a cultural phenomenon or as a handcrafted work of beauty.

People around the world interact with the built environment in different ways. 
Distinctions in the way people interact with one another and with built forms can be seen 
as cultural folds, which in turn help defi ne the seams between local, regional, and global 

Figure 5.42 Shaker stool, Pleasant Hill, Kentucky. Photography 

by Ben Meyer.

Figure 5.43 Shaker furniture, fi nished using a milk-based paint. Photography by Ben 

Meyer.
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Figure 5.44 Outdoor seating 
pod at Hammarby Sjöstad, 
Sweden. Photography by Jim 

Postell, 2006.

communities. The terms local and regional have geographic and vernacular boundaries. 
People who live in a particular place and time tend to generate a collective identity through 
a shared view of how things are done.

Despite the economic infl uence that global corporations have on design worldwide, the 
intent and extent of the origin of design contributes to the nature of its regional versus 
global status. Global design is similar to universal design by defi nition, immune from local 
or regional boundaries. A left- or right-handed computer mouse and the Segway transpor-
tation device are examples of products designed for a global community, without the infl u-
ence of regional nuances or local ways of doing something.

Consider the communal nature of a sauna experience and the infl uence of the built-in 
wood seating on the enjoyment of a sauna with others. Finnish, Norwegian, Swedish, and 
Danish people understand the rituals, conditions, and communal experiences that deter-
mine this specifi cally Scandinavian practice, which indeed is culturally distinct from how a 
sauna might be understood and experienced elsewhere in the world. Consider the outdoor 
gathering place located in Hammarby Sjöstad, Sweden (Figures 5.44 and 5.45), and try to 
formulate connections between its design and intended use and the deep cultural heritage 
its designers drew upon to express a sense of place and regional identity.

Similar transformations occur whenever a regional norm is well established. However, 
disconnections between form and meaning begin to emerge when spaces and objects rooted 
in one culture are placed in a completely new cultural or geographic context. This has 
occurred many times in history: oriental rugs or kilims brought to Europe; the furnishings of 
Britain exported to India, the Chinese sea captain’s chair copied for a dining suite in South 
Africa. This even occurs between generations when antiques and furnishings are transferred 
to grandchildren who live in societies that are signifi cantly different from those of their grand-
parents or great-grandparents. Furniture, because of its mobile and temporal nature, often 
introduces a mix of cultural heritages and patterns of behavior to its setting and to its users.
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NEW FORMALISM: THEORIES OF DIGITAL FORM

Digital software programs and digital machines have begun to affect our thinking about 
design. Greg Lynn is an architect and professor at UCLA who uses advanced computer 
technologies to design complex forms. Making full use of the digital characteristics and 
properties of the software Maya, Lynn conceived of a chair that resulted from the digital 
interpolation of several of Michael Thonet’s earlier bentwood chair designs. The idea is more 
signifi cant than a study in digital representation. It marks a precedent for furniture design 
in which the capabilities of digital technology have extended beyond the human ability to 
generate (or comprehend) such innovative complex forms.

Figure 5.45 Interior of the out-
door seating pod at Hammarby 
Sjöstad. Photography by 

Jim Postell, 2006.

Figure 5.46 3 inch = 1 foot 
scaled study of a system 
designed to display and organize 
material samples. Digital design 
and fabrication by Jeff Welch 
(2011). Photography courtesy 

of Jeff Welch, 2011.

Digital technology is becoming more than just a tool in the design process. In some situ-
ations, it has become the vehicle and the means of generating form. In the School of 
Architecture and Interior Design at the University of Cincinnati, graduate student Jeff Welch 
used digital media and digital fabrication technology to design and fabricate a series of 
working prototypes leading toward a system that could contain, display, and organize mate-
rial samples for the school’s material library (Figure 5.46). The design process, becoming ever 
more a standard, required computer numeric controlled (CNC) mill production. To express 
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the potential of a single material, Baltic birch plywood, it was required by the designer that 
the entire system be made with no mechanical fasteners or glue.

As a parametric process, the design was conceived from the bottom up. The parts and 
their relationships were initially developed based on tension and compression forces. The 
components and their joinery were continually adjusted to embody increasing parameters. 
Several digital and physical prototypes were developed, and each was evaluated to judge 
its adherence to the original parameters (Figures 5.47 and 5.48). It was essential to employ 
full-scale rapid prototyping to distill fi t problems and tolerances as complexity increased. 
Making small adjustments to the parts would cause the system, as a whole, to activate. For 
instance, by offsetting the top of each part in relation to the bottom, the system would 
“bend.”

The opportunity to reconsider traditional processes of design and fabrication is open to 
all designers now. And these opportunities may help designers in their inquiry to determine 
what makes good furniture good. Or, more to the point, digital technology can shape the 
very frame of reference used to determine how designers think about technical, functional, 
and aesthetic matters.

Figure 5.47 A necessary fi rst step in digital fabrication is to 
create a one-to-one scale template indicating the parameters 
of the material and the layout of the pieces to be milled. 
Digital fi le (welch_parts_layout) by Brian Ringley and 

Jeff Welch, 2011.

Figure 5.48 Working prototype of the material storage. One of many stud-
ies fabricated at full scale. Photography courtesy of Jeff Welch, 2012.
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c h a p t e r

6Design

Design-Fab-Func is the new term for furniture design because it expresses the simultaneity 
of systems.1

Coop Himmelblau (Wolf D. Prix, Frank Stepper, Helmut Swiczinsky)

DESIGN IS A process. The process can be simple or complex. It can take a few minutes or several 
years to accomplish. It can involve one person or a group of people. There are intuitive pro-
cesses and there are systematic processes. Poul Kjærholm (1929–1980) was a prolifi c and 
highly talented furniture designer (Figure 6.1). He preferred the designation furniture architect 

to designer, as it marked a line back to a disciplinary tradi-
tion and also refl ected a distinct feature of his work: that 
every one of his designs engages in an intense dialogue 
with the space around it. Another important consider-
ation of Poul Kjærholm’s furniture designs is the expres-
sion and dependency on the material used and the 
fabrication employed. In a sense, his ideas about furniture 
design were formed in the workshop. He sketched 
(Figure 6.2), but he also made working prototypes as 
important steps in the design process for his furniture 
pieces (Figure 6.3). He made two prototypes of his alu-
minum chair (1953), which were necessary efforts to 
study the folding and riveting of the two aluminum half-
shell components, the center notch beneath, the three 
legs, the simple upholstery, and the choice of fabric.

This chapter focuses on the processes of designing 
furniture. It introduces principles of furniture design and 
covers the phases, processes, and skills involved.

Figure 6.1 Poul Kjærholm (1929–1980), furniture architect, working at his 
desk. Photography by Jim Postell at the exhibition Poul Kjærholm—

Furniture Architect, curated by Michael Sheridan, with permission 

from Susanne Hartz, Head of Press, Louisiana Museum of Modern 

Art, June 23-October 15, 2006, Humlebæk, Denmark.
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Figure 6.4 Exploded components of the Equa 2 work 
chair, manufactured by Herman Miller. Photographer 

George Heinrich. Courtesy of Herman Miller, Inc.

Figure 6.5 Equa 2 work chair, designed by Don 
Chadwick and Bill Stumpf (1984), manufactured by 
Herman Miller, Inc. 25½ inches wide; 22½ inches deep; 
32–36 inches high; 16–20 inches seat height (65 cm 
wide; 57 cm deep; 81–91.5 high; 40.5–51 cm seat 
height). Photography by Nick Merrick/Hedrich 

Blessing. Courtesy of Herman Miller, Inc.

Figure 6.3 Working prototype of a two-piece alumi-
num chair by Poul Kjærholm, (1953). Photography 

by Jim Postell at the exhibition Poul Kjærholm—

Furniture Architect, curated by Michael Sheridan, 

with permission from Susanne Hartz, Head of 

Press, Louisiana Museum of Modern Art, June 

23–October 15, 2006, Humlebæk, Denmark.

Figure 6.2 Design sketches by Poul Kjærholm, (1953) 
for a two-piece aluminum chair. Photography by Jim 

Postell at the exhibition Poul Kjærholm—

Furniture Architect, curated by Michael Sheridan, 

with permission from Susanne Hartz, Head of 

Press, Louisiana Museum of Modern Art, June 

23–October 15, 2006, Humlebæk, Denmark.

The ultimate goal of design is to synthesize tangible and intangible aspects and to create 
a unifi ed whole out of an array of parts. Achieving part-to-whole relationships between 
components and interrelated systems is an important goal of design. In this sense, designing 
is a means of attaining order, arranging physical and spatial components along with intan-
gible aspects to form a unifi ed whole. Order governs the composition of any entity, including 
the human body, furniture, a building, or a natural landscape.
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Gestalt psychology, formulated in 1930 by Max Wertheimer (1880–1943), Kurt Koffka 
(1886.1941), and Wolfgang Köhler (1887–1967), stated that human experience should be 
considered in a broad, comprehensive way, suggesting that the whole is greater than the sum 
of its parts.2 Building on this perspective, furniture design can be understood as an effort to 
infuse any number of intended purposes with physical parts, interrelated systems, structural 
forces, and utilitarian needs in greater wholes, with attention placed upon the simultaneity 
of systems (Figures 6.4 and 6.5). The Equa chair responds to support body movement with-
out the use of mechanical adjustments. This was accomplished through the fi ne-tuning of a 
semirigid, injection-molded, slit shell made of glass-fi ber-reinforced  polyester. The split shell 
allows the seat and back to operate independently from the thicker side components.

Designing furniture is parallel to but different from designing a building or creating art. 
Furniture takes less time to create than a building and is one of many elements in interior 
space. Unlike art, furniture has pragmatic responsibility to function and very often serves 
several intended purposes.

Furniture design is disciplined work in which the designer combines technical information 
with prior experience, observation, and intuitive judgment, but systematic design considerations 
will not guarantee good results. There are many paths one can take in designing furniture. In 
nearly every case, the design process infl uences the fi nal product. If you change the way you 
design, then you will change the way you think about design and, consequently, what you 
design. Paradigms about the design process (methods, required skills, anticipated outcomes, 
etc.) vary signifi cantly based on professional, academic, and programmatic boundaries.

Disciplinary boundaries are acknowledged in this chapter because many designers 
approach furniture design from unique perspectives that often rely on discipline-specifi c 
means. Nonetheless, design principles are a common thread in all disciplines, so we begin 
with a brief review of design principles.

DESIGN PRINCIPLES

Design principles provide criteria that describe formal intentions. The intended purpose of 
a chair or table can begin with a range of needs or desires and develop through any number 
of processes. Along the way, furniture designers are confronted by design principles, which 
require the eye and the hand to work together in a complex system of thought and action. 
The principles of design covered in this chapter are:

 � Balance: Structural and Visual, Symmetry and Asymmetry
 � Continuity, Unity, and Variety
 � Dynamism and Stasis
 � Hierarchy and Emphasis
 � Juxtaposition
 � Rhythm and Pattern
 � Scale and Proportion

Balance: Structural and Visual, Symmetry and Asymmetry

Visual balance is the spatial weighing of a composition around an axis. Structural balance 
involves the physical equilibrium of freestanding elements such as chairs and tables. 
Furniture must be able to withstand lateral, shear, live, and moment forces. Visual balance 
and structural balance are related but distinct concepts.
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Structural Balance
Structural balance considers the forces in furniture to be in equilibrium. When forces are 
not in equilibrium, cantilevers can fail, shelves can sag, and furniture can tip over. Furniture 
must be able to withstand lateral forces (forces applied from the side), shear forces (internal 
forces working in parallel but opposite directions), and moment forces (rotational forces 
applied to joints).

Structural forces inspire design ideas and are an important consideration in the concep-
tion of form. Frank O. Gehry’s bentwood chairs resulted from a structural and material 
investigation using 3/32-inch (2.4-mm) thick maple veneers assembled and composed in 
various ways (Figure 6.6).

Rocking chairs give the user control of back-and-forth movement and rely on the weight 
and motion of the user, the form of the chair, and the center of gravity of both the user and 
the chair to function properly. Rocking back and forth creates signifi cant dynamic forces, 

stressing both the form and joinery of the rocker. The goal of the classic bent-
wood rocker by Michael Thonet (Figure 6.7) is to obtain a fl uid and balanced 
rocking motion through a symbiotic relationship between the rocker and the user.

In cases where furniture is precariously tall and narrow or where the center of 
gravity lies beyond the tipping point, it may become necessary to attach furniture 
to a fl oor, wall, or ceiling in order to maintain structural stability. There are dimen-
sional limits to the horizontal span of shelving before defl ection occurs and imbal-
ance appears. Shelving systems, bed frames, music stands, grandfather clocks, 
cabinet doors, and speaking podiums all depend on basic engineering principles 
to maintain structural balance and function safely.

When a person is sitting in a chair, the tilting point should be located directly 
beneath the center point of gravity for the chair and body combined. The prin-
ciple of balance is an important aspect to consider and achieve in the design for 
any human body support.

Visual Balance
The spatial weighing of visual balance expresses either symmetrical or asymmetri-
cal composition. Symmetry is a form of balance where a component (or several 
components) is mirrored along an axis. The Art Nouveau selette shown in Figure 
6.8 is bilaterally symmetrical, which places emphasis on its vertical axis and, 

Figure 6.6 Computer rendering—bentwood Hat Trick chairs, designed by 
Frank O. Gehry (1991) for Knoll. Photography courtesy of Knoll, Inc.

Figure 6.7 Rocking chair, steam-bent beech wood, produced by Gebrüder 
Thonet (c. 1880). Photography courtesy of John Stork.

Figure 6.8 Bilateral symmetry—Art Nouveau 
sellette. Photography by Jim Postell, 2006.
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consequently, on the object displayed on top of the selette. 
Symmetry can be expressed bilaterally (around a common 
axis) or radially (around a common point).

Visual balance does not rely entirely on symmetry. Much of 
the abstract cubist furniture from the 1930s and the de Stijl–
style furnishings by Gerrit Rietveld and Theo Van Doesburg 
express balance but are not symmetrical. Asymmetrical balance 
is dynamic and appears in equilibrium along an axis through its 
form, though it cannot be mirrored. Gerrit Rietveld’s Berlin chair 
(1923) and Charles and Ray Eames’s fi berglass-reinforced plastic 
Eames chaise (1948) are visually balanced, asymmetrical com-
positions (Figure 6.9).

Continuity, Unity, and Variety

The wall-mounted wood paneling that transforms into a sinu-
soidal bench in Gunnar Asplund’s chapel at the Woodland Cemetery 
in Stockholm, Sweden, expresses continuity, unity, and variety. The 
panels are evenly modulated and create a datum (unifying reference) 
from which the sinusoidal bench gives variety to the otherwise rect-
angular elements and planar surfaces. The uninterrupted plane 
of the laminated plywood gives continuity, and the integration of 
wall and furniture in material and form gives unity to the design 
(Figure 6.10). Unity and continuity underscore fundamental princi-
ples of design that draw together part-to-whole relationships.

Variation is expressed through differences and distinctions per-
ceived within the bounds of constancy and regularity. The regularity 
of the vertical supports in Charles and Ray Eames’s Eames Storage 
Unit (ESU) expresses continuity (see Chapter 4). The supports estab-
lish a repeatable pattern, while the lacquered Masonite panels give 
variation to the design through their placement and color. Unity is 
achieved in the dynamic interplay between the unit’s components 
and its geometric order.

Dynamism and Stasis

The handcrafted wood rockers designed and crafted by Sam 
Maloof express movement in both a visual and visceral manner 
(Figure 6.11). The visual and tactile characteristics contribute to 
their dynamism. Furniture that appears static, such as Erik Skoven’s Block stool (see 
Chapter 4), expresses stasis (the characteristic of being at rest). Dynamism and stasis are 
contrasting attributes in built form.

Hierarchy and Emphasis

Hierarchy and emphasis point to priority and relative value in design. Hierarchy and empha-
sis are achieved through the manipulation of location, color, size, texture, and shape. Form, 

Figure 6.9 Asymmetry—Eames chaise (1948), manufactured by Vitra. 
59 inches wide; 32 inches deep; 34¼ inches high (150 cm wide; 81 cm 
deep; 87 cm high). Copyright © William A. Yokel, 2005.

Figure 6.10 Continuity—wall seating at Woodland Cemetery, 
Stockholm, Sweden. Photography by Jim Postell, 2006.
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Figure 6.11 Visual and visceral movement—Maloof rocker, designed and fabricated in walnut and ebony by Sam Maloof 
(1983). Drawing by SAID student and Jim Postell, School of Architecture and Interior Design, University of Cincinnati.

Figure 6.12 Florence Knoll conference table (1961) with fl at bar and Brno chairs expressing a formal and social 
hierarchy. Photography courtesy of Knoll, Inc.

color, and material can emphasize primary, secondary, and tertiary levels of importance and 
meaning. Formal hierarchy can reinforce social status, such as the person sitting at the short 
end of a long rectangular conference table (Figure 6.12) or the profi le distinctions suggest-
ing a social hierarchy between a deacon’s chair and a presider’s chair in the Catholic church 

c06.indd   166c06.indd   166 12/09/12   9:55 PM12/09/12   9:55 PM



Design Principles   167

(Figure 6.13). In this sense, social, cultural, and political 
meaning parallel formal characteristics of hierarchy.

Emphasis is drawn from dominant and subordinate 
relationships. For example, one can emphasize the ver-
tical elements of a shelving system by using distinct 
materials and details to draw the eye. Shape  differences 
and contrast levels can help designers distinguish dom-
inant and subordinate relationships in their work.

Juxtaposition

Juxtaposition is the simultaneous experience of the 
relationships between contrasting elements or charac-
teristics. Examples include a curvilinear form juxta-
posed with an orthogonal shape and a light, refl ective 
surface juxtaposed with a dark matte fi nish. In Michael 
and Rob Toombs’ Rivertime (1986), the light, fi gured, 
curvilinear maple top is juxtaposed with the dark, seg-
mented lower portion of the cabinet (Figure 6.14).

Rhythm and Pattern

The word rhythm derives from the Greek term rhuth-
mos, meaning “to fl ow.”3 Rhythm is the foundation of music, dance, poetry, and design. 
Rhythm is the structure and order of elements in space or time. The fabrication drawing of 

Figure 6.13 Profi le distinction between presider’s and deacon’s chairs indicating 
a liturgical hierarchy. Photography by Jim Postell, 2002.

Figure 6.14 Rivertime in the making, designed and fabricated by Michael and Rob Toombs (1986). Photography by Rob 

Toombs. Courtesy of Michael Toombs, 1985.
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an ark in Figure 6.15 expresses an array of horizontal and vertical 
elements, which create subsets of interrelated rhythm and variation. 
Rhythm is also the order of temporal daily experiences such as wak-
ing and sleeping, including monthly and seasonal patterns, and life-
cycle events such as birth and death.

Pattern is the arrangement of elements that determine a whole 
and are made from points, lines, and shapes. Rhythm and pattern 
are codependent and inherent aspects in design. They reveal the 
underlying structure of form through physical, spatial, or temporal 
compositional order.

Scale and Proportion

Scale and proportion are dependent on physical and spatial relation-
ships, although important distinctions need to be made between 
these terms. Scale is based on the size of one thing relative to 
another, such as the size of a sectional sofa in relation to the size of 
a room. The fl oor lamp in Figure 6.16 is based on a series of refer-
ence points taken from the vertical axis of a human body 
(Figure 6.17). The individual parts of the lamp reference various 
heights of the body, which were determined from the fi gure. The 
sketch explores proportional relationships between the fl oor lamp 
and the human form at a scale of 1-to-1.

Figure 6.15 Rhythm—an array of horizontal and vertical  elements 
in the drawing of an ark, 1994. Drawing by Jim Postell, 1993.

Figure 6.16 Sketch of 
a fl oor lamp (1985) 
scaled to the human 
body. Drawing by Jim 

Postell, 1985.

Figure 6.17 Correlations between the human body and 
a fl oor lamp. Photography by Jim Postell, 1985.
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Proportion is the geometric correlations between parts and between parts and the 
whole. The design of the storage unit shown in Figure 6.18 is concerned primarily with 
proportional composition (formal geometric order) and secondarily with size or scale.

Scale
Furniture very often appears larger or smaller in its intended spatial context than it did in 
the shop where it was fabricated. The perception of scale depends on the size of the furni-
ture and the spatial context in which it is placed. When the surrounding spatial environment 
changes, the relative perception of size will change as well, though the proportions of the 
furniture have not changed. Furniture draws relationships between objects and space, 
thereby giving scale to a room, but it also draws relationships to the human body, thereby 
indirectly giving scale to the room based on the body.

Parallel to the idea of relative size but different in focus is the scale in which designers 
sketch, draw, draft, or think about furniture. Initial conceptual ideas may be delineated at 
any scale. A plan of a space showing the furniture layout might be sketched, drafted, or 
plotted at ¼ inch � 1 foot 0 inches or at 1/8 inch � 1 foot 0 inches. Interior elevations or 
sections showing furniture in elevation may be sketched, drawn, or plotted at ½ inch � 1 
foot 0 inches scale (Figure 6.19). Detailed hard-line drawings or plotted working drawings 
at a scale of 3 inches � 1 foot 0 inches (25 percent of full size) is the conventional scale used 
to document the overall dimensions of individual pieces of furniture (Figure 6.20). It is help-
ful to show the edge profi le, joinery, and mechanical features (as detailed section drawings) 
at full scale.

Placement and orientation are important aspects of furniture design. Because architects 
and interior designers incorporate furniture into the plans and sections of their drawings, 

Figure 6.18 Proportional study using 
the Golden Section, by Janet Flory, 

2000. Photography by Janet Flory.
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designers should think about the context of furniture in the conception of design and be 
able to sketch, model, and develop furniture designs in a range of scales from 1/8 inch � 1 
foot 0 inches to full scale.

Proportion
Proportion is not about size, nor is it about the perception of scale. It is the mathematical 
relationships of a part or parts of a design to other parts within a given fi eld or frame of 
reference. We recognize furniture by its proportions, identifying the relationships between 

Figure 6.19 A ½-inch � 1 
foot 0 inches scale plan, sche-
matic furniture layout for NBC 
studio. Drawing by Gil Born.

Figure 6.20 3 inches � 1 foot 
0 inches scale—working draw-
ings. Drawing by Jim Postell, 

1992.
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seat pan to seat back and leg dimensions to table height dimensions. Proportion is the 
relationship between width and length and, concurrently, between height and depth. 
Furniture can appear visually heavy or light, compressed or extended. How we characterize 
the physical and spatial relationships of furniture reveals proportional relationships 
of the design.

Proportion is based on a variety of tangible relationships. The human body is the most 
common reference used in the design of furniture. Other proportional systems include math-
ematical or geometric systems such as the Golden Section, the Fibonacci series of numbers, 
the root system, fractal geometry, and logarithmic or parabolic geometry. The Power of 
Limits, written by Gyorgy Doczy, is a good resource for further reading on proportion.

DESIGN THINKING

Design draws upon working methods and processes guided by specifi c operations and ways 
of thinking:

 � Empirical knowledge is gained by doing, synthesized from prior experience (e.g., 
painting, driving, cooking, etc.)

 � Intuition and judgment guided by subjective and objective assessment
 � Deductive and inductive reasoning are based on rational, logical, and linear  working 
methods to formulate connections between ideas and concrete realities

 � Abductive modes of operating involves creative associations—improvisational 
methods of working

Furniture design results from all four ways of working. However, deductive and inductive 
reasoning are the most teachable methods of design, and therefore are described in this 
section.

Inductive reasoning involves an understanding of ideas and concepts that stem from 
specifi c knowledge and concrete realities. Designing a chair around the limitations of a 
particular material or specifi c joinery techniques entails the use of the inductive process in 
a search for form. Mistakes encountered along the way are considered research for both 
the designer and the maker. Mistakes can help improve ideas and processes that over time 
develop into intuitive working processes.

Deductive reasoning is a process of generating concrete realities from conceptual or 
form-inspired beginnings. It involves working and thinking that begin with conceptual ideas 
and develop into grounded specifi cs. Based upon a conjecture-analysis model, designers put 
forward ideas through sketching, drawing, or modeling and then proceed to analyze and 
critique the effort, seeking to refi ne and transform the idea into a specifi c resolution. The 
process is repeated (many times) until the designer is able to synthesize all areas into a work-
able, resolved design.

Deductive and inductive reasoning are linear processes involving conjecture and analysis, 
but design is not always linear or logical. Furniture designers are creative individuals with a 
capacity to think laterally, intuitively, tangentially, or thematically. However, lateral thinking 
knows no conclusive endpoint in the design process, and at some point, designers need to 
stop designing and test what they have accomplished.

Abductive modes of operating are processes that formulate associative links, often 
guided by metaphor or allegory. Abductive operations are not rationally directed; however, 
these often guide the processes that most designers use to design. Designing furniture is a 
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mix of rational-linear working processes and intuitive-subjective decisions made throughout 
the conception, development, and resolution phases of the design process.

Construing and Constructing

Designing furniture is a creative activity shaped by the give-and-take between thinking and 
making. Thinking and making inspire design conceived within the limits of fabrication. With 
hands fi rmly grounded in the world of materials and tools and the mind engaged in the 
ephemeral realm of ideas, furniture designers work to connect and infuse ideas with physi-
cal realities.

How furniture looks and feels is often dependent on how well it was made. Furniture 
designers attempt to design well-engineered, sturdy furniture, but the academic and profes-

sional division between design and fabrication can make 
the process of investigating and resolving engineered solu-
tions diffi cult. Hand drawings and computer renderings 
respond neither to applied forces nor to the properties of 
material. Scaled models can respond to gravity and lateral 
forces but cannot reveal the integrity of materials and the 
strength of joinery in the reduced scale of a study model. 
Full-sized mock-ups communicate a sense of scale and 
function to the designer but may have little correlation to 
the actual material or the tactile experience of furniture 
(Figure 6.21). The full process of design must include mak-
ing a prototype, an exact or nearly exact version of the fi n-
ished or manufactured piece, capable of experiential use 
and testing. There are many variables to consider in design-
ing furniture. Full-sized model studies can help investigate 
and determine many variables in the process of design 
(Figure 6.22).

Refl ecting upon “the making” often results in better-
engineered and better-fabricated furniture. In this regard, 
the design process should include a three-dimensional 
sketch, one or more studies of structural promise, scale 
model(s), full-scale mock-ups, mechanically tested models, 
and working prototypes.

Bold Studies
Bold Furniture’s CEO turned to design students in the 
College of Design, Architecture, Art, and Planning at the 
University of Cincinnati to design a new line of Bold work-
stations with tables, storage units, and more. For two aca-
demic quarters in 2005, students researched, sketched, 
modeled, and fabricated a series of full-sized mock-ups 
exploring ideas for the frame, the need for storage space, 
various solutions for security, and pragmatic aspects such as 
where to put the laptop, drawings, books, and so on. 
Students worked collaboratively and developed several 

Figure 6.21 Mock-up of a reclining design, Denmark’s International Study 
Program’s summer workshop. Photography courtesy of Erik Skoven.

Figure 6.22 Full-sized 1:1 study model for a garden chair, molded steel wire, 
by Poul Kjærholm, 1953. Photography by Jim Postell at the exhibition 

Poul Kjærholm—Furniture Architect, curated by Michael Sheridan, with 

permission from Susanne Hartz, Head of Press, Louisiana Museum of 

Modern Art, June 23–October, 15, 2006, Humlebæk, Denmark.
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design ideas using hand and computer drawings and a series of working prototypes (Figures 
6.23, 6.24, and 6.25). Full-sized mock-ups gave students the opportunity to analyze techni-
cal aspects, test how the designs functioned, and judge the aesthetics of their work. Mock-
ups indicated that further depth was needed for storing equipment and helped to determine 
the height of the shelves and work surfaces. Using plywood and welded steel, students 
verifi ed their design ideas within the spatial context of the design studio and took the 
opportunity to test and resolve many details (Figures 6.26, 6.27, and 6.28). The design 
explorations generated new ideas being considered by Bold Furniture.

Shelves mount
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sleeve in shelf

unt
r

omit
d
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into threaded
sleeve in she
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r

o
d
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Shelving and Cabinet connections

Flathead screws thread
into biscuit-esque joining piece

Figure 6.23 Bold studies—initial idea generation, pencil studies. Photo courtesy of Professor Anton Harfmann, 

Associate Dean, DAAP.

Figure 6.24 Bold studies—computer-rendered exploded axonometric 
view of the storage unit on casters. Photo courtesy of Professor Anton 

Harfmann, Associate Dean, DAAP.

Figure 6.25 Bold studies—computer-rendered perspective of a worksta-
tion, 2005. Photo courtesy of Professor Anton Harfmann, Associate 

Dean, DAAP.
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Making Prototypes
Detail studies can be modeled or drawn at full scale and are useful in resolving diffi cult or 
complicated aspects of design. When the opportunity arises, making a working prototype 
at full scale can help test and analyze aspects of the design. A working prototype allows 
one to refi ne design ideas before committing to production. Charles and Ray Eames were 
renowned for making working prototypes of their designs. Figure 6.29 shows a rough but 
effective full-sized mock-up fabricated in 1945 to help resolve the dimensions and angles 

Figure 6.28 Bold studies—working 
 prototype in use. Photography by Lisa 

Ventre—University of Cincinnati.

Figure 6.26 Bold studies—working prototype of one 
of the workstations. Photo courtesy of Professor 

Anton Harfmann, Associate Dean, DAAP.

Figure 6.27 Bold studies—working prototype in 
use. Photography by Lisa Ventre—University of 

Cincinnati.

Figure 6.29 Mock-up for the Eames 
lounge (1945), fabricated by Charles 
and Ray Eames. Courtesy of Eames 

and Herman Miller, Inc.
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of the classic Eames lounge. These efforts were absolutely necessary. Through their contin-
ued efforts in fabricating prototypes and making models, the Eameses were able to design 
and produce many classic furniture pieces. In this regard, modeling efforts in the process of 
design can be seen as a collection of explorations and tests. These explorations not only 
improve the current project, but also carry over to the next series of projects.

Scaled Models
Scaled models of furniture placed in interior models show relationships between furnishings 
and interior space and reveal notions of scale, layout, and proportion. Models of buildings 
and interior spaces can be fabricated precisely and relatively quickly out of white museum 
board, foamcore, or basswood (Figure 6.30). These models serve as excellent means to 
study furniture in its intended spatial context. Interior models can be fabricated at a small 
scale (e.g., 1/8  inch � 1 foot 0 inches or ¼ inch � 1 foot 0 inches) to resolve general spatial 
relationships so that decisions about material selection, color, and texture can be explored 
in rendered drawings or in larger, more detailed models (e.g., 3 inches � 1 foot 0 inches) 
once the overall spatial context is resolved.

Materials can inspire design ideas. Working with materials in the development of design 
increases the effectiveness of the design process. In this regard, material boards and material 
sample arrangements are effective means of helping designers consider physical and visual 
materials for interior space, furniture, or a building. Composing material boards is an art. 
Consequently, the presentation can either inform and inspire or misinform and mislead. The 
time and effort required to compose material boards are signifi cant investments. Designing 
with immediate access to materials is the key point.

The tooling and molds that produce cast or molded elements are essential to preproduc-
tion testing of mass-produced furniture. It was necessary to make a rough scaled model of 
a two-piece mold (Figure 6.31) in order to understand how to produce Non Rubber, a chair 

Figure 6.30 Museum board 
model, Saint Paul United 
Methodist Church, Dayton, Ohio, 
at 1/8 inch � 1 foot 0 inches 
scale. Photography by Jim 

Postell, 2000.
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designed by Boris Berlin of Komplot Design (Figure 6.32). The mold 
would eventually be made out of aluminum, but the quick study 
model gave the designers and fabricators confi dence in how to 
proceed with the design. This knowledge was used to refi ne impor-
tant details of the single-formed iron and polyurethane rubber 
(PUR) chair so that it could be produced and easily released from 
an aluminum mold.

Tools, materials, and digital fabrication technologies have sig-
nifi cantly evolved over the past 20 years. With the advent of plaster 
printers and fi ve-axis computer numeric controlled (CNC) devices, 
working prototypes are easier and more economically feasible to 
produce than in the past.

In the digital age, will furniture designers maintain an under-
standing of when to use a hand block plane or the distinction 
between shellac and tung-oil fi nishes on wood furniture? What 
might happen when designers are able to go directly from digital 
design to digital production entirely by digital means using only 
digital tools? The challenge to keep current and maintain compre-
hensive breadth and extensive depth regarding hand, machine, 
and digital technologies affects every designer today and requires 
constant effort.

It often takes an enormous number of sketches, explorations, 
and iterative model studies to end up with a design that is well 

composed, technically resolved, comfortable, functional, aesthetically pleasing, and eco-
nomically feasible. Designing furniture has “iceberg-like” connotations in the sense that 
90 percent of the time spent on design is typically used to explore alternative variations and 
subtle iterations, many of which are abandoned in the process of design. Processes of 
exploring and refi ning design ideas are critical, even if the efforts do not seem apparent in 
the fi nal result.

Figure 6.31 Scaled 1:5 model of a two-part form for Non 
Rubber. Photography by Jim Postell, 2006.

Figure 6.32 Non Rubber chairs, designed by Komplot Design (2000), for Källemo AB, Sweden. Design by 
Komplot Design for Källemo AB (Sweden). Photography by Curt Ekblom. Courtesy of Boris Berlin.
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DESIGN ETHOS

Accessible Design

Accessibility is concerned with issues of access and egress, while universal design is a con-
cept of designing for transgenerational use, left- or right-handed users, pan-cultural uses, 
individuals without vision, and so on. Furniture designed with accessibility in mind would 
exclude beanbag chairs, hammocks, and chairs with narrow seat pans and tall arms because 
of the diffi culty some persons have in accessing these designs. In these examples, getting 
in can be diffi cult and getting out even more so. Tables too high or too low and chairs in 
which the seat pan is too high or too narrow can be challenging to access.

Accessible furniture includes lift chairs, adjustable tables, and adjustable seating. Chairs 
and tables that are lightweight, have movable casters, and are stackable so that the fl oors 
can be cleaned or the space rearranged respond to issues of accessibility. Arms on a chair can 
help the elderly sit down and stand up, but care must be taken so that they don’t prevent 
larger people from gaining access.

Accessible work surfaces include tables, desks, and countertop heights that can be 
used by people in wheelchairs. To be considered accessible, table heights should be 28 to 
34 inches (71 to 76.5 cm) above the fl oor with at least 27 inches (68.5 cm) clear for 
knee space.4

Codes, Guidelines, and Standards (Health, Safety, and Welfare)

Codes and technical standards exist for the health, safety, and welfare of individual users. 
Many have been developed for specifi c types of furniture, especially chairs. Dental chairs 
are specifi ed by the International Organization for Standardization (ISO) standard 6875. 
Beanbag chairs are specifi ed by the American National Standards Institute (ANSI) standard 
ASTM F1912–98. ASTM is the American Society for Testing and Materials. The National Fire 
Protection Association (NFPA) establishes standards for fl ame spread and smoke develop-
ment ratings for furniture fi nishes and fabrics. Ergonomic requirements for offi ce work with 
visual display terminals (VDTs) have been specifi ed by ISO 9241–5:1988. ISO 7174 specifi es 
stability of rocking and tilting chairs. ASTM F1858–98 specifi es lawn chairs.

In public and common use areas, seating space must be provided for wheelchairs. 
Restaurants must provide wheelchair access to tables. Fixed-seat assemblies must allow for 
wheelchair placement at various seating locations. These regulations are enforced by the 
Americans with Disabilities Act Accessibility Guidelines (ADAAG).

The Business and Institutional Furniture Manufacturer’s Association (BIFMA) establishes 
guidelines for testing commercial-grade chairs. Performance specifi cations include:

 � Chair back strength of 150 lb
 � Chair stability if weight is transferred completely to the front or back legs
 � Leg strength of 75 lb applied 1 inch (2.54 cm) from the bottom of the leg
 � Seat strength of 225 lb dropped from 6 inches (15.2 cm) above the seat
 � Seat cycle strength of 100,000 repetitions of 125 lb dropped from 2 inches (5 cm) 
above the seat

Technical specifi cations defi ne “proof” loads for chairs, which determine that under 
higher loads a chair may be damaged, but it must not fail. Institutions will often reference 
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these standards or add their own specifi cations when pur-
chasing furniture. Companies depend on standards for quality 
assurance (Figure 6.33).

Green Design

Concern for sustainability is more than a matter of compliance 
with industrial regulation or environmental impact analysis. It 
embraces a commitment to conceive of the work of design as a 
part of a wider context in time and place.

The Hannover Principles, William McDonough Architects, 1992

For years, the mantra for sustainable design was “renew, 
reuse, and recycle.” Today, furniture designers invoke green 
design in more complex and subtle ways. Green design con-
siders distribution and packaging, biodegradability, the life 
cycle of materials and products, off-gassing, toxicity in fab-
rication or use, and a number of other important factors 
including human rights and labor standards.

Sustainable design solutions minimize negative and maxi-
mize positive impacts, including social, economic, ethical, and 
environmental considerations. Leading-edge environmental 
thinkers and policy makers believe that sustainable develop-
ment will require a “factor 4” improvement in the environ-
mental performance of goods and services. This means 
reducing by at least 300 percent over the next 20 to 30 years 

the amount of resources needed and the pollution generated to deliver goods and 
services to consumers.5

Flat-pack furniture can reduce the cost of distribution. IKEA has marketed and sold fur-
niture to the public using this method and is recognized as the industry leader for producing 
inexpensive, practical, and well-designed products (Figure 6.34). The conservation of 

Figure 6.33 Testing the Equa chair’s split shell made of glass-fi ber- 
reinforced polyester, which permits the seat to operate independently of 
the side elements. Manufactured by Herman Miller, Inc. Photography 

courtesy of Herman Miller, Inc.

Figure 6.34 IKEA—furnishings 
in the showroom (distribution 
center) are sold fl at-
pack. Photography by Jim 

Postell, 2007.

c06.indd   178c06.indd   178 12/09/12   9:56 PM12/09/12   9:56 PM



Design Ethos   179

endangered materials such as Brazilian rosewood is sustained because many companies no 
longer offer the material for public consumption. Herman Miller stopped manufacturing the 
Eames lounge and ottoman in Brazilian rosewood.

Today, many major lumber retail chains buy wood from sustainable forests and offer 
certifi ed harvested wood to their customers. There are two international forest certifi cation 
programs, both of which monitor and certify the harvesting and transportation of lumber. 
The Forest Stewardship Council (FSC) offers a control certifi cation that monitors the trans-
portation and purchase of lumber, giving consumers assurance that the wood was har-
vested in sustainable forests and certifi ed from stump to retail.6 The Sustainable Forestry 
Initiative (SFI) is another international program, which monitors the harvesting and trans-
portation of sustainable lumber. Retailers pay a fee to receive certifi ed woods and advertise 
to consumers that they have done so.7

Since 2003, Brazil no longer exports mahogany wood species, as mandated by its gov-
ernment. Up to that time, Brazil exported 30 percent of the world’s supply of South 
American mahogany woods, which, along with Cuban mahogany, is considered to be the 
highest-quality mahogany in the world. In response, many retailers and production factories 
have secured woods with grain and color characteristics similar to those of Brazilian mahog-
any, such as sapele.

Many ready-made cabinets are fabricated with a thin wood veneer, covering a substrate 
of wood shavings pressed together with glue, which can emit formaldehyde gases for years. 
Consider cabinets made from solid wood, such as a hard pine cut from sustainable forests, 
or materials that are not endangered or in limited supply. Regenerative bamboo grows 
quickly, yet is comparable in strength to red oak wood. Choose stains and fi nishes that 
contain no volatile organic compounds.

Furniture designer Emiliano Godoy has been researching biodegradable materials for use 
in design for several years and came upon zacate, a rush used in Mexico and other Latin 
American countries to scrub dishes or as a bathing sponge. Inspired by the rush, he designed 
the Z-Bench to highlight the contrast between zacate and wood, treating the materials in 
completely different ways. Conventional cabinetmaking techniques were used for the 
wooden structure, while the uncovered and basically raw zacate generates visual tension 
and comfort when seated (Figures 6.35, 6.36, and 6.37).

The Z-Bench was designed for the show “Diseño Muerto” in Mexico City, organized by 
Edgar Orlaineta in 2005 for the Galería de Arte Mexicano (GAM).

According to Godoy:

Biological materials are renewable, carbon neutral, and they can share disposal mecha-
nisms. However, we have yet not enough options to substitute technological materials 
with biological ones. It is clear to me that we need more materials to work with, which 
participate as active components in Nature’s biomes, and which can be designed to have 
no environmental impact, or even contribute to the regeneration of what industrial activ-
ity has destroyed.8

A series of chair and table designs were conceived and fabricated by Bär � Knell Design 
between 1993 and 1997. The furniture was produced by heat-forming 100 percent recycled 
plastic waste. Their furniture designs achieve aesthetic and ecological targets, raise the ethi-
cal bar of green design, and increase environmental awareness. The chair and table shown 
in Figure 6.38 are two of the many furniture pieces (chairs, tables, and screens) designed by 
Bär � Knell Design.

A study of the material life cycle of furniture has determined that most products are 
made of nonrenewable materials and, at the end of their useful life, will be discarded and 
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become landfi ll. The dilemma today is that the sum of the undesired by-products from 
furniture and other commercial products exceeds the capacity of the environment to absorb 
them. Traditional cradle-to-grave concepts are beginning to be reconsidered out of concern 
for the planet’s environment and ecosystem. William McDonough and Michael Braungart, 
from McDonough Braungart Design Chemistry, in conjunction with many other individuals 
and fi rms, have reconceived the paradigm of green design to embrace the concept of cradle-
to-cradle thinking and have developed a collective body of knowledge in biological and 
technical areas of design. Green design refl ects a new way of thinking about design. It is an 
important frame of reference and is in the foreground of many creative designers.

GUBI II is stackable, lightweight, comfortable, durable, and green. Boris 
Berlin and Poul Christiansen of Komplot Design designed the chair for the 
furniture company GUBI. The chair is available in a plain color or two-
colored (front different than back) felt made from polyester fi bers, a major 
part of which has been extracted from used plastic water bottles and trans-
formed into a felt material (Figure 6.39). In one single process, two mats 
made from this felt are molded around a steel tube frame. In this way the 
industrial process is minimized considerably, since no subsequent uphol-
stery or mounting process is required. There is no inner wooden or plastic 
shell to support the construction. The supporting qualities are incorporated 
in the felt. The combination of a straightforward look, great strength, light 
weight, and easy maintenance makes GUBI II ideal for cafeterias, meeting 
areas, restaurants, and auditoriums.

Rohner Textile AG is a textile company based in Switzerland that pro-
duces textiles for Design Tex and Herman Miller, among other companies. 
This relatively small company produces Climatex Lifecycle™, which is made 
of 65 percent wool and 35 percent ramie. It is considered a Jacquard textile, 
and is biodegradable and environmentally sound, with climate control 
aspects (making it a good choice for a variety of climate-sensitive situa-
tions). It took 18 months to research and manufacture Climatex. When the 
fi nished product was introduced to the market at the Solomon Guggenheim 
Museum in New York City, William McDonough commented in his speech 

Figure 6.37 Z-Bench—in 
use. Photography by Godoylab, 2005.

Figure 6.35 Z-Bench—wood support, fabrication, 
Juan Zouain, design by Emiliano Godoy, 
(2005). Photography by Godoylab, 2005.

Figure 6.36 Z-Bench—detail of zacate and 
wood. Photography by Godoylab, 2005.

Figure 6.38 Chair and table made from post-
consumer recycled plastic packaging, that is draped 
and melted over a frame to produce a mélange of 
distressed imagery designed by Bär � Knell Design 
(1990). Photography by Jim Postell, 2006.
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to the attending designers and architects, “This is the fi rst product of 
the Next Industrial Revolution. What we are now saying is that 
 environmental quality can be an integral part of the design of every 
product. It is no longer a wishful option.”9

Many furniture designers, including Kaare Klint and Hans J. Wegner, 
incorporated twisted paper and woven cane in the seat pans of their 
chair designs during the 1950s and 1960s because alternative means 
of upholstery were too costly (Figure 6.40). Twisted paper is biodegrad-
able, readily available, local, inexpensive, and comfortable. As one con-
siders green solutions, it becomes easier to recognize environmentally 
friendly materials, many of which were used before the terms green 
and sustainable design became part of today’s design lexicon.

Universal Design

Universal design attempts to meet the needs of people of all ages, 
abilities, and cognitive skills. Set forth as a concept by Ron Mace of 
the Center for Universal Design at North Carolina State University in 
1990, universal design focuses on the “range of abilities” rather than 
the “limit of disabilities” (Figure 6.41). Universal design strives to accommodate the greatest 
range of users (8–80 years of age) and abilities (wheelchair users, arthritic users, blind 

Figure 6.39 GUBI II, designed by Komplot Design (2006), 
manufactured by GUBI A/S. Designed by Komplot Design, 
manufactured by GUBI A/S, 2006. Photography by 

Thomas Ibsen.

Figure 6.40 CH 24—the Y Chair 
(or Wishbone Chair), designed by 
Hans J. Wegner (1949), fabricated 
by Carl Hansen & Son, 
Denmark. Photography by 

Jim Postell, 2006.
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and deaf users, etc.), regardless of the user’s height, weight, or health. Universal design is 
an inclusive notion that seeks to eliminate barriers relative to use and social function.10

Adjustability and size transformation are strategies used to address the challenge of 
designing for all people. However, design that responds to a wide range of users without 
transformation or adjustment reveals inherent qualities of universal design.

Examples of universal design of furniture include:

 � Desks that are designed for left- and right-handed users
 � Desks and tables that have adjustable height work surfaces
 � Mobile desks and pedestals to rearrange the work space for personal needs
 � Writing tablets for both left- and right-handed users
 � Tables that accommodate all users, if only for limited tasks
 � Chairs that consider access and egress as well as ergonomic qualities
 � Shelving that accommodates wheelchair users
 � Case goods that can be opened and accessed by blind individuals
 � Cabinets that can be utilized by individuals with arthritis

DESIGN PROCESSES

Designing entails the transformation of ideas into physical form.11

Designing furniture relies on a continual process of making informed, objective, and 
subjective judgments. The process involves formulating conjectures about form and func-
tion, analyzing the efforts, and synthesizing design ideas into a product. It is known as the 
conjecture/analysis/synthesis method. The process is cyclical, one that the designer revisits 
time and time again with every project. As previously discussed, designers generally begin 
the process of design with a sketch or simple model and proceed to explore ideas and con-
jectures by sketching, drawing, using computer software, and making study models. 
Sometimes designers begin the process of design in the shop and work directly with tools 
and materials to generate or explore ideas that can result in new forms or induce new ways 
of considering design ideas. During this phase, assumptions may need to be suspended in 
order to synthesize fresh ideas, consider new materials, and integrate aspects of utility into 
a coherent whole.

Schematics: Sketching, Drawing, Computer 
Rendering, and Model Making

Sketching is an important design skill that helps designers think visually on paper. Design 
generally evolves by sketching—typically in a freehand manner, freely annotated, allowing 
the designer to explore ideas as they occur (Figure 6.42). Sketching is an informal, image-
based investigation. It is a way of graphically communicating and developing initial ideas.

Figure 6.41 Universal design—left- or right-handed Whale mouse, 
manufactured by Humanscale. Photography, courtesy of Humanscale.
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Model studies can serve the same function as sketching and are an equally valid method 
for working through the design process. At a later stage, design ideas are technically drafted 
by hand, or plotted and can be rendered by the computer (Figure 6.43). Today, modeling 
software is becoming more intuitive, enabling the development and rapid visualization of 
initial design ideas. Computer software is beginning to emerge as a design tool in the initial 
phases of design as more and more designers are learning how to use software programs 

Figure 6.42 Initial furniture design 
studies. Sketches by Gil Born.

Figure 6.43 FormZ computer model used to visualize 
the spatial design relationships between an ark and 
bima, Isaac M. Wise Center, Cincinnati, Ohio. Computer 

modeling by Steve Wethington and Jim Postell. 

Image courtesy of Jim Postell, 2004.
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such as Sketch-it, FormZ, AutoCad, Rhino, 3-D Studio Max, Alias, and Maya. Consider 
computer software as more than just a tool for visualiza-
tion. Digital programs and digital tools to generate design 
are available to everyone.

Sketching and drawing help designers study composi-
tion. Ideally, drawing should be done at full scale (Figure 
6.44). This helps designers consider aspects of form, pro-
portion, and detail at 1:1 and consider accurate measure-
ments and materials in the development of a design. It 
reduces the void between designing how something 
might look and how it might be fabricated. Drawing is 
more than a means to an end. It is a technique designers 
use to explore, see, analyze, and refi ne their work.

Full-scale drawing correlates with full-scale thinking, 
but there are times when it is best to begin the process by 
freely exploring ideas at a reduced scale such as 1:10 in 
metric or 1 inch � 1 foot (Figure 6.45). It is often easier to 
consider and compare initial ideas and explore variations 
of design in this manner. Designers utilize this method 
often, usually in the initial phases, trying to get the fullest 
capacity out of their sketchbooks or anything available to 
draw upon.

An esquisse sketch (Figure 6.46) is an expression of 
the basic or essential idea/concept of a design. This draw-
ing type stems from a methodology taught at L’Ecole des 

Figure 6.44 Drawing and 
designing at full scale. Drawing 

by DIS student. Image courtesy 

of Erik Skoven.

Figure 6.45 Initial design sketches for an altar. Drawing by Jim Postell, 1999.

c06.indd   184c06.indd   184 12/09/12   9:56 PM12/09/12   9:56 PM



Design Processes   185

Beaux Arts in Paris at the turn of the nineteenth century. 
An esquisse sketch can guide the design process through 
fabrication by serving as a reference for the designer in 
order to help clarify design intentions. Though the line 
quality, line weight, and medium used to communicate a 
design intention are often rough and unclear in technical 
detail, the basic composition and idea can be expressed in 
effective ways. Drafted drawings, computer renderings, 
and model studies typically cannot express such general 
ideas as effectively as an esquisse sketch.

A parti sketch (Figure 6.47) communicates the basic 
physical and spatial components of a design. It is an ana-
lytical diagram, useful in developing an understanding of 
compositional aspects in design. A parti sketch can take 
the form of a section, elevation, plan, or axonometric. Its 
primary use is to show the basic elements and components 
of a design in a simple and direct manner. A parti sketch is 
helpful in  clarifying how a design is formally conceived, 
which can be useful in determining the materials and 
details in design.

Iterative sketches (Figure 6.48) help designers evolve 
and refi ne design ideas. Such sketches (and drawings) 
explore variations of selected aspects of design while other 
aspects remain constant. Iterative sketches could include a 
series of overlays used to investigate a detail of furniture while the overall 
composition remains constant. Table profi les, seat back angles, material 
joinery, and specifi c proportional investigations of an arm of a chair or a 
leg of a table are examples of specifi c areas that can be explored using 
iterative sketches. Furniture designers may complete hundreds of itera-
tive sketches for a single piece of furniture. Iterative sketches can involve 

Figure 6.46 Esquisse sketch, showing initial ideas about layout and use of 
space. Drawing by Jim Postell, 1999.

Figure 6.47 Parti sketch, showing the physical and spa-
tial composition of elements. Photography courtesy of 

Erik Skoven.

Figure 6.48 Iterative sketches, overlay studies drawn at 1:2 scale. Drawing by DIS 

student. Image courtesy of Erik Skoven.
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any drawing type (i.e., perspective study, elevation, or section 
study) and any scale of drawing, be it full scale, reduced scale, or 
in some cases no particular scale but care for the relative propor-
tions of the design. The overlay method of placing tracing paper 
over an existing drawing is a conventional means of producing 
iterations. However, the process can include a number of other 
methods, ranging from fi lling a journal or notebook to executing a 
number of study models in the investigation or exploration of a 
detail, or any aspect of the design, be it material, color, or composi-
tion. Iterative sketches and study models are useful methods to 
refi ne and develop particular aspects or nuances of a design while 
keeping some aspects constant, which distinguishes them from 
explorative drawings.

The 1 inch � 1 foot 0 inches scale drawings and model studies 
of tables or chairs can help designers resolve compositional rela-
tionships early in the design process (Figures 6.49 and 6.50). The 1 
foot � 1 foot 0 inches scale is ideal for an initial study. It is similar 
to the European metric standard 1:10, which is frequently used to 
present the schematic resolution of furniture on a single sheet of 
A4 paper. The metric standard 1:10 means that the element being 
drawn is 10 times smaller than the actual size of the element. The 
scale is large enough to resolve basic aspects of form, but larger-
scale drawings are necessary to resolve technical aspects and details 
of a piece.

Working drawings for furniture are referred to as fabrication drawings (buildings are 
constructed, furnishings are fabricated). Fabrication drawings include the technical informa-
tion necessary to fabricate the design, indicating dimensions, materials, and specifi cations for 
fi nish. Drafting precise hard-lined drawings is an important skill to acquire, despite the ability 
to use computer software to precisely render and plot furniture drawings. Fabrication relies 
on exact dimensions, accurate details, use of appropriate materials, and resolved engineering. 
The process of drafting working drawings by hand can help designers understand each line 
and joint (Figure 6.51). Working drawings must represent design intentions in a clear format. 
Fabrication drawings are typically drafted or plotted at no smaller than a 3 inches � 1 foot 0 
inches scale (25 percent of full size). This is a conventional scale for submitting plans, 

Figure 6.49 Fabrication drawing of a chair drafted at 3 inches � 
1 foot 0 inches scale. Drawing by Gil Born.

Figure 6.50 Model studies at 
1 inch � 1 foot 0 inches 
scale. Models by Gil Born.
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Figure 6.52 1:1 scale working drawing—PK 20, 
by Poul Kjaerholm. Photography by Jim Postell at 

the exhibition Poul Kjærholm—Furniture 

Architect, curated by Michael Sheridan, with 

permission from Susanne Hartz, Head of Press, 

Louisiana Museum of Modern Art, June 23–

October 15, 2006, Humlebæk, Denmark.

Figure 6.51 Fabrication draw-
ing, 3 inches � 1 foot 0 inches 
scale, torah table—Valley 
Temple, Cincinnati, Ohio, 
1994. Drawing by Jim Postell, 

1995.

elevations, and sections of furniture to a fabricator and is useful in resolving most aspects of 
furniture design. Drafting by hand or plotting computer-aided design drawings (CADD) offers 
the degree of precision necessary to realize and communicate the dimensional relationships 
in furniture design (Figures 6.52 and 6.53). Computer-aided design drawings enable various 
scales to be determined prior to printing. Using CAD software also enables the designer to 
decide how to format the drawings and determine the line weights of the plotted drawings. 
Furniture drawings are usually dimensioned in inches or centimeters, not in feet and inches, 
which is the norm for interior and architectural construction drawings.

Model and detail studies at partial or full scale are useful means of testing and analyzing 
a detail, the center of balance, or any complex situation (Figure 6.54). The ability to work 
in three dimensions is critical to the process of developing furniture design. Models require 
a signifi cant investment in time and material. Models made smaller than full size can help 
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both designer and client see the relationships between fur-
nishings and space, as well as notions of scale, layout, and 
proportion prior to fabrication. Models allow design ideas to 
be viewed and studied from multiple angles. Preliminary study 
models can be made of wood, clay, foamcore, or polymer 
foam to communicate the form and shape of the design. 
Detailed models can also be fabricated using a rapid prototyp-
ing machine. In these cases, CAD fi les made with various soft-
ware programs can be converted directly into a polymer, wax, 
or plaster model using a CNC device or digital printer 
(Figure 6.55).

Museum board and foamcore are ideal materials to use in 
building models at a small scale (1/8 inch � 1 foot 0 inches or 
¼ inch � 1 foot 0 inches) because the off-white color of 
museum board enables form and space to be perceived 
clearly. Though museum board models lack material and 
color, they are quick to make, easy to modify, and photograph 
well in different types of light (Figure 6.56). These models can 
serve as explorative studies and as fi nal presentation models. 
Small-scale studies are also useful in analyzing the spatial lay-
out and compositional aspects of furniture and interior space. 
Models can be useful in exploring various lighting options and 
in studying the spatial relationships between furniture and 
interior space.

As the design of a chair develops, consider the effectiveness of making a mock-up of 
the seat pan and seat back. The mock-up might indicate whether or not further depth is 
needed for the seat pan and allow one to experience the design. Mock-ups are generally 

 Figure 6.53 PK 20, designed by Poul Kjærholm 
(1967), manufactured by Fritz 
Hansen. Photography by Jim Postell at the 

exhibition Poul Kjærholm—Furniture 

Architect, curated by Michael Sheridan, with 

permission from Susanne Hartz, Head of 

Press, Louisiana Museum of Modern Art, 

June 23–October 15, 2006, Humlebæk, 

Denmark.

Figure 6.54 Wooden model, 3 inches � 1 foot 0 inches study of a 
lectern. Photography copyright © Scott Hisey, 2004.
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made at full size and communicate only partial aspects of design. Full-scale mock-ups 
include the entire form but are often fabricated from any available materials. A full-sized 
mock-up for a table can help verify the formal presence and relative scale of the table within 
the context of the space for which it is designed. Placing full-sized furniture mock-ups 
within their intended context is a good way to determine the sense of scale and spatial 
relationships between the human body, the furniture, and the surrounding space.

Figure 6.56 Museum board 
model of a chapel with the 
furniture included, Sisters of 
Mercy, Belmont, North Carolina. 
1/8 inch � 1 foot 0 inches scale 
(2000). Photography by Jim 

Postell.

Figure 6.55 CNC—milling out solid surfacing 
material. Photography courtesy of Formica Corp.
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In some cases, especially in the design of mass-produced furniture, working prototypes 
need to be fabricated. Working prototypes are the best means available to determine the 
size, detail, and technical nuances of a design. They can indicate aspects of design that 
might need to be further resolved. They serve as an effective means of evaluating the design 
and determining its fabrication. Full-sized working prototypes can help evaluate technical, 
functional, and aesthetic aspects.

DESIGN PHASES

Designing furniture can be organized into phases. Designers can determine where they are 
in the process of designing furniture by understanding the expectations for each phase of 
work. Designers rarely skip a phase, although the process can move backward as well as 
forward. Designers can spend more time on one phase than another. There are few rules in 
design that cannot be broken.

It is ineffective to micro-manage the sequence of the design phases. However, a degree 
of fl exibility should always be factored into the process of design. An enormous amount of 
time may be used to research and program ideas of “sitting” when designing a chair for the 
fi rst time. The design development phase for a room divider might take a long time due to 
the complexity of the technical details. Nonetheless, designers are expected to understand 
where they are in the process of design. Organizing the phases of designing furniture into 
a linear structure is useful to determine where one is in the design process—if not for one-
self, then for the client, who is likely to ask, “How far along in the design process are we?”

Regardless of the means and methods of design, there will always be phases to the 
process of design. An outline of design phases follows:

 � Predesign, research, and programming
 � Schematic design
 � Design development
 � Fabrication drawings
 � Pricing and contract negotiation
 � Shop drawings, templates, and working prototypes
 � Fabrication
 � Delivery and installation

Predesign, Research, and Programming

A well defi ned problem is 50% of the solution.12

Albert Einstein

The predesign, research, and programming phases involve necessary work that designers 
generally accomplish before designing a piece of furniture. Even before the research and 
programming phases, designers must prepare themselves by organizing their personal time 
and committing to the project. The design of a suite of Catholic church furnishings may 
require a substantial investment of time to understand the purpose and environment in which 
the furniture will be placed. A signifi cant effort may be required to understand the Catholic 
liturgy and the purpose of each liturgical furnishing. Designing furniture for a salon or spa 
may require a visit to various salons or spas to observe all services offered and how customers 
and staff interact with one another. When designing furniture for a particular space, existing 
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architectural conditions may need to be recorded in order to accurately represent important 
aspects and dimensions of the space. Observation, documentation, and analysis provide an 
important foundation in the process of design and are considered predesign work.

Predesign, research, and programming may also entail research of technical standards 
driven by code, economic, or fabrication limitations. Generally, this phase of design takes a 
signifi cant amount of time to complete—time that the client is not usually eager to pay for.

Programming can be as brief as a few written notes or as complex as a booklet. A pro-
gram articulates in written form the goals and objectives of the design process. It is a tool 
to guide the design process and shape the parameters for how the design will be evaluated. 
It is an effort to organize and defi ne the scope of work, the purpose of the work, the 
resources and conditions in which the work will be placed, and the schedule for all aspects 
of the work. Although they bring no guarantee of success, programming and research 
efforts may increase the likelihood for a successful project.

Regardless of the method one uses to determine the program and establish the intended 
purposes for the furniture that will be designed, basic questions can and should be consid-
ered by the designer. These questions are based upon six terms: who, what, why, when, 
where, and how.

Who

 � Who is in the market for this product?
 � Who will use this product?
 � Who will sell or distribute the product?
 � Who will maintain the product?

What

 � What is its intended purpose?
 � What are other things that it might do?
 � What is the competition?
 � What functions should be included?
 � What is the product’s life expectancy?
 � What is the expected cost for the furniture?

Why

 � Why is the furniture needed?
 � Why would someone buy this product?
 � Why is a new design needed?
 � Why will the furniture be used?
 � Why use hand, machine, or digital technology in its fabrication?

When

 � When will the furniture be used?
 � When will the product require maintenance?
 � When will it not have enough capacity?
 � When will it be stored or moved?

Where

 � Where will the furniture be located?
 � Where should it not be located?

c06.indd   191c06.indd   191 12/09/12   9:56 PM12/09/12   9:56 PM



192   Design

 � Where will it be sold?
 � Where will its materials come from?
 � Where will it be fabricated?

How

 � How does it work?
 � How is it used?
 � How many functions will be served?
 � How well does it relate to all people?

Schematic Design

Schematic design is generally considered the fi rst phase in the process of designing furni-
ture. Generally, designers spend between 10 and 15 percent of their total design time on 
this phase of work.13 During this phase, general decisions regarding size and form are 
explored. Sketches and rough study models are made to communicate ideas and study 
compositional aspects (Figure 6.57). There may be some degree of resolution regarding 
material selection or detail, but generally these aspects are unresolved.

Design Development

As a rule, designers spend between 15 and 20 percent of their total design time on design 
development.14 In this phase, designers refi ne ideas, formulate general dimensions and 
materials, and resolve the direction of the work. During this phase, schematic design draw-
ings are developed into measured drawings, either by manual drafting or by using computer 
software. At the end of this phase, decisions regarding size, proportion, material, color 
selection, and visual quality will have been explored and generally made. While further 

Figure 6.57 Schematic design 
for NBC studios. Drawing by 

Gil Born.
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 resolution of detail and joinery may be needed, the basic 
formal qualities of the design should be determined at this 
point (Figure 6.58).

Fabrication Drawings

Fabrication drawings, also referred to as construction 
drawings, working drawings, or contract documents, are 
given by designers to fabricators for pricing and fabrica-
tion. All critical views of the design need to be shown and 
clearly delineated on paper or in the computer before fab-
rication can begin. Generally, designers spend between 30 
and 40 percent of their time on this phase of work.15

In preparing fabrication drawings, designers explicitly 
resolve and delineate remaining design decisions before 
fabrication. During this phase, dimensions are specifi ed 
within a sixteenth of an inch. Material selection, grain 
direction of the wood, specifi cations for quality, fi nish 
selection, fabrication details, and technical specifi cations 
must be complete. For mass-produced furniture fabricated 
out of metals and plastics, the tolerances are even fi ner, 
requiring dimensional resolution to within a thousandth of 
an inch. Depending upon the fabricator and the nature of 
the furniture, this phase of the work marks the point in time when the designer has satisfi ed 
his or her responsibility to the client for resolving the design prior to fabrication. Though 
more work lies ahead for the furniture designer, completing fabrication drawings is a major 
hurdle in the transformation from ideas into built form (Figure 6.59).

Figure 6.58 Design development sketches. Drawing by Gil Born.

Figure 6.59 Fabrication 
 drawing of an ambry by Jim 
Postell (1993). Drawings by 

Jim Postell, 1994.
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Technical sources are available to help designers determine how to specify and detail 
contract documents and how to avoid undesirable surprises in fabrication. The Architectural 
Woodwork Institute (AWI) produces an excellent reference that outlines standards and 
specifi cations for designing and fabricating wood furniture.

Pricing and Contract Negotiation

One can approximate the probable cost of fabrication during design development, but it is 
impossible to accurately determine the cost of fabricating furniture until the construction 
drawings and specifi cations are complete. Ludwig Mies van der Rohe said, “God is in the 
details”16; he was right, but he neglected to add that “the Devil is in there, too.” Details 
can signifi cantly affect the cost of fabrication, which raises the question of why designers 
give fabricators their drawings after the contract documents are complete. It makes sense 
to work with fabricators as early as possible in the design process. Once the contract draw-
ings are complete, a fabricator reviews and accurately determines how much it will cost and 
how long it will take to fabricate and install the proposed work. During this phase, the 
designer answers questions raised by the fabricator and organizes the process for submit-
ting and receiving bids. If there are problems in fabricating the design, the fabricator dis-
cusses them ahead of time with the designer, who then works to resolve them, often in 
collaboration with the fabricator.

When the designer is not the fabricator, the most important thing the designer can do 
to promote the eventual success of the proposed work is to take an active role in determin-
ing the right fabricator for the job. A good fabricator can foresee problems in the design 
before fabrication occurs and work with the designer to resolve them and improve the 
design. A good fabricator will review the functional and technical aspects with the designer 
and work collaboratively to modify and improve the work whenever appropriate. Contract 
negotiation involves these considerations as well as determining the costs of fabrication. 
This phase requires communications and meetings with fabricators, artisans, and craft-
speople. Managing the phase of pricing and contract negotiation consumes approximately 
5 percent of the total time that designers spend on a project.17 The result determines the 
scope of work and the cost, establishes the responsibilities of various individuals, and out-
lines a schedule for completing and installing the proposed work (Figure 6.60).

Figure 6.60 Michael Toombs and Jim Postell discussing 
the scope of work and expectations for fabrication—bid negoti-
ation phase. Photography, courtesy of Jim Postell, 2003.
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Shop Drawings, Templates, and Working Prototypes

Once a fabricator is selected and a contract between client and fabricator is made, the fab-
ricator prepares shop drawings and templates and, in some cases, produces a working 
prototype to test aspects of the design. Shop drawings and working prototypes represent 
the most detailed and explicit type of information about the design. They are made during 
the transitional phase between design and fabrication. Shop drawings might lead to a mock-
up of a detail or indicate the need to review and modify the contract drawings. Shop draw-
ings should always be reviewed and approved by the designer. These are the documents that 
remain well after production is over and are referred to if disputes or problems arise.

Working prototypes are useful in testing and resolving aspects of form and structure. 
They mark the last phase prior to producing the fi nal work. This phase in the process of 
design is critical—taking carefully rendered drawings of design ideas into the most challeng-
ing phase. Some furniture designers, such as Emiliano Godoy, work comfortably in making 
formwork and working prototypes to test and help improve design ideas. A working proto-
type was made for the Weidmann chair (Figures 6.61, 6.62, and 6.63), which was helpful 
in studying and testing aspects of the design prior to production (Figure 6.64).

Templates and forms are often made in order to fabricate a working prototype. In some 
cases, templates and formwork represent a signifi cant part of the cost of fabricating a piece 
of furniture. Designing and making formwork is an art unto itself, and needs to be carefully 
conceived and resolved. This important task is typically left to the fabricator, as are the 
means and methods of fabricating furniture. However, due to the inherent integration of 
structure, form, and aesthetics in many designs, the boundaries between design and fabri-
cation often are not apparent.

Fabrication

At this point in the design process, the signifi cance of a good working relationship between 
designer and fabricator will become apparent. Designers can observe the fabrication process 
but generally do not supervise it, unless the designer is offering a design/build service to the 

Figure 6.61 Emiliano Godoy preparing a two-part wood form. Courtesy of 

Emiliano Godoy. Credit: Erika Hanson, 2005.

Figure 6.62 Pressing Maplex (cellulose fi ber material) in a two-part 
press. Courtesy of Emiliano Godoy. Credit: Erika Hanson, 2005.
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client. Nonetheless, observation of the fabrication 
phase is an important responsibility of the  furniture 
designer. Generally, designers spend between 30 
and 35 percent of their total time on this phase of 
work.18 When the scope of work is modifi ed, the 
fabricator will invoice the client for the additional 
time and material.

The designer’s role during this phase is to 
observe and monitor the process, describe the pro-
cess to the client, and assist in problem resolution 
as issues arise. It is important to underscore that 
observing the fabrication is not supervising the 
work. Supervision would imply responsibility for 
the work and create liability for the designer 
should problems occur. Designers are responsible 
for the design, fabricators are responsible for the 
means and methods of fabrication, and clients are 

responsible for approvals and payment (Figure 6.65).

Delivery and Installation

Coordination with the client and fabricator for the delivery, installation, and fi nal approval 
of the completed work marks the activities in this phase of work. This phase includes careful 
preparation to transport the work, repair damaged pieces that result from transport, install 
built-in elements, carefully place furniture throughout a space, and provide a schedule for 
the client for proper care and maintenance of the completed work. A suite of furnishings 

Figure 6.63 A working prototype of the Weidmann chair. 
Courtesy of Emiliano Godoy. Credit: Erika Hanson, 2005.

Figure 6.64 The Weidmann 
chair, designed by Emiliano 
Godoy and Erika Hanson 
(2005). Photography by 

John Curry, courtesy of 

Emiliano Godoy. Credit: 

Erika Hanson, 2005.

Figure 6.65 Furniture—in the making at Heartwood Furniture Company, 
1993. Photography by Jim Postell, 1993.
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that includes case goods and casework can take several days to transport, deliver, and 
install. Delivery and installation is an important phase of work that needs to be carefully 
planned and included in the overall cost of fabricating the work (Figure 6.66).

PROFESSIONAL AND DISCIPLINARY BOUNDARIES

Where do architects and designers get their ideas? The answer, of course, is mainly from 
other architects and designers.19

Paradigms indicate and underpin general perceptions and assumptions about a subject 
held by a specifi c group of people. Architects, interior designers, industrial designers, engi-
neers, and fi ne artists approach furniture design from different perspectives (Figure 6.67). 
Traditionally, architects and interior designers work to emphasize a “sense of place.” 
Emphasis is placed on the selection and location of custom furniture for a specifi c site. The 
architect works to create spatial, material, and ornamental correlations between a building 
and its furnishings. Furniture includes an enormous range of site-specifi c, mass-produced, 
built-in, and freestanding pieces. Furniture designed by architects and interior designers 
often complements the materials, details, and fabrication technologies of a building and its 
interior spaces. These furnishings generally are fabricated in limited runs and designed for 
specifi c spaces within a building.

An industrial designer is trained to focus on human factors and industrial processes 
throughout the development of design. Industrial designers are professionally invested in 
designing mass-produced work. Though architects incorporate mass-produced elements 
in their designs, architecture itself does not embrace the notion of being mass-produceable 
because of the unique characteristics of a place. The notion of place distinguishes the two 
fi elds in signifi cant ways. Architects such as Frank Lloyd Wright, Charles Rennie Mackintosh, 
Ludwig Mies van der Rohe, and Alvar Aalto conceived, developed, and fabricated furniture 
for specifi c interior spaces and building environments. The mass production of their furni-
ture designs for public consumption came later and is another story altogether.

Furniture designed for mass production is independent of specifi c architectural environ-
ments in both form and material. This establishes an independence of furniture from its 

Figure 6.66 Installation of 
liturgical furnishings for a 
chapel in Belmont, North 
Carolina.  Photography by 

Jim Postell, 2003.
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surrounding environment and advances the notion of furniture’s detachment from an archi-
tectural frame of reference. The differences between the professions are signifi cant and 
directly impact the approach to furniture design, the design process, fabrication, and the 
delivery of products to the market.

Frank Lloyd Wright is renowned not only for his architecture but also for his furniture, 
which he designed for nearly every one of his 300 building projects. Some of these furnish-
ings have been mass produced by various companies for the open market. The furnishings 
and built-ins that Frank Lloyd Wright designed throughout his career extend the details, 
material properties, and geometric motifs of the spaces for which they were designed. 
Where his buildings have been preserved, such as Fallingwater in rural Bear Run, 
Pennsylvania, the furnishings have also been carefully restored or replicated whenever pos-
sible (Figure 6.68).

Alvar Aalto

Frank Gehry

Charles Eames

Furniture
Architecture
Interior Design
Film Maker
Industrial Design
Fine Arts

Gae Aulenti

Robert Adam

Thomas Chippendale

Hans Wegner

George Hepplewhite

Vladimir Kagan

Hans Hollein

Ron Arad

Joe Colombo

Tom Dixon

Achille Castiglioni

Mario Bellini

Micheal Graves

Jean Prouvé

Eero Saarinen

Wendell Castle Salvador Dali

Figure 6.67 Venn diagram 
indicating academic background, 
professional, and disciplinary 
fi elds and the interrelationships 
for selected individuals known 
for their furniture design. Image 

by John Arend, 2008.
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Individuals who have designed furniture primarily within the disciplinary boundary of 
architecture include Robert Adam, Alvar Aalto, Gae Aulenti, Mario Bellini, Harry Bertoia, 
Pierre Chareau, Joe Colombo, Le Corbusier, Peter Danko, Michele De Lucchi, Tom Dixon, 
Charles and Ray Eames, Piero Fornasetti, Frank Gehry, Michael Graves, Eileen Gray, George 
Hepplewhite, Hans Hollein, Arne Jacobsen, Finn Juhl, Vladimir Kagan, Poul Kjaerholm, 
Florence Knoll, Raymond Loewy, Vico Magistretti, Alessandro Mendini, Carlo Mollino, Morris 
and Co., George Nelson, Isamu Noguchi, Gio Ponte, Jim Postell, Jean Prouvè, Ludwig Mies 
Van Der Rohe, Eero Saarinen, Ettore Sottsass, Robert Venturi, and Frank Lloyd Wright.

However, a majority of contemporary furniture designs, developed by industrial design-
ers including Achille Castiglioni, Paolo Favaretto, Emiliano Godoy, Karim Rashid, and Bill 
Stumpf, were conceived and fabricated as solutions to lifestyle issues, are considered techni-
cal inventions, or result from explorations of material and manufacturing processes. Their 
work was not conceived for, nor was it dependent on, a particular interior or architectural 
environment. Furnishings such as these fi nd their way to a variety of spaces and are sold 
directly to the public through retail, Internet, and catalog venues or through showrooms 
and furniture representatives directly to architects and interior designers who specify furni-
ture as contract furnishings.

The Kite chairs (Figure 6.69) designed by Karim Rashid and the Iuta chair (Figure 6.70) 
designed by Antonio Citterio and manufactured by B & B Italia are examples of industrial 
products that have broad appeal for a wide range of interior spaces, conceived and manu-
factured within the framework of an industrial design typology.

Individuals who have designed furniture primarily within the disciplinary boundary of 
industrial design include: Eero Aarnio, Franco Albini, Emillio Ambaz, Ron Arad, Fred Baier, 
Boris Berlin, Harry Bertoia, Mattia Bonetti, Osvaldo Borsani, Achille Castiglioni, Franco 
Cavatorta, Erling Christoffersen, Robin Day, Peter Danko, Michele De Lucchi, Tom Dixon, 
Charles and Ray Eames, Piero Fornasetti, Elisabeth Garouste, Emiliano Godoy, Yoshiharu 

Figure 6.68 Interior of Fallingwater (Edgar J. Kaufmann House), Bear Run, Pennsylvania, designed by 
Frank Lloyd Wright (1936). Historic American Buildings Survey. Photography by Jack E. Boucher, 1985.
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Hatano, Robert Heritage, Hans Hollein, Vladimir Kagan, Rodney Kinsman, Toshiyuki Kita, 
Poul Kjaerholm, Shiro Kuramata, Danny Lane, Estelle and Erwine Laverne, Raymond 
Loewy, Carlo Mollino, Morris and Co., Oliver Mourgue, Wolfgang Mueller Deizig, Peter Murdoch, 
Mark Newson, Isamu Noguchi, Verner Panton, Pierre Paulin, Gaetano Pesce, Warren Platner, 

Ernest Race, Gordon Russell, Richard Sapper, Fred 
Scoott, Peter Shire, Borek Sipek, Philippe Starck, 
Bill Stumpf, Martin Szekely, Floris Van den Broecke, 
David Truebridge, Tappio Wirkkala, Sori Yanagi, 
and Marco Zanuso.

An interior designer is trained to think about 
furniture design similarly to an architect but differ-
ently than an industrial designer. Interior designers 
are primarily concerned with selecting furniture for 
their interiors. They generally focus upon interior 
aesthetics, contextual appropriateness, utility, 
comfort, form, fi nish, and product availability. 
Although purpose, comfort, and aesthetics are pri-
mary considerations for selecting furniture, the act 
of designing custom furniture for specifi c interiors 
has roots extending back to the eighteenth cen-
tury. The work of Thomas Chippendale and George 
Hepplewhite, along with that of designers such as 

Robert Adam and Elsie de Wolfe, were precursors of what today is called interior design. 
Contemporary interior designers practice furniture design by offering a distinct “look” that 
doesn’t yet appear in the catalogs. Their designs can infl uence change in the market when 
their lines successfully fi ll a niche overlooked by other designers. Florence Knoll (Knoll 
International) did just that.

Individuals who have designed furniture primarily within the disciplinary boundary of inte-
rior design include: Florence Knoll, Eileen Gray, Andrea Putnam, John Saladino, and Joe d’Urso.

Though interior designers design furniture, most are not trained to design within the 
tolerances required for mass production. Furthermore, few architects and interior designers 
are trained to think about industrial processes as industrial designers are.

Figure 6.69 Rotary-molded 
Kite chairs, designed by Karim 
Rashid (2004), manufactured by 
Label. Photography by Jim 

Postell, 2006.

Figure 6.70 Iuta armchairs, designed by Antonio Citterio (2000), manufactured by B & 
B Italia. Photography by Scott Hisy, 2003.
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Engineers are trained to focus on mechanical function and address the effi ciency and 
material quality of performance-based function. Filing cabinets and adjustable offi ce seating 
are examples of engineered objects that demand a high degree of technological resolution 
due to the tight tolerances between design and form as well as between fabrication and 
function. It is not surprising to see engineers focus on mechanical aspects and less on the 
spatial and contextual relationships between furniture and interior environments.

Individuals who have designed furniture primarily within the disciplinary boundary of 
mechanical engineering include: Egon Brüning, head of product development, Vitra; and 
Kurt Heidman, chief engineer, Steelcase.

Sociologists generally have a different perspective on furniture design than architects, 
designers, or craftspeople. Although sociologists don’t usually design furniture, they are 
taught to observe interpersonal and behavioral patterns among individuals, analyzing how 
people gather and interact socially within public areas, reception spaces, offi ce settings, and 
so on. Edward T. Hall’s The Hidden Dimension and psychologist Robert Sommer’s Personal 
Space explore the concept of proxemics in depth. Their writings and ideas have infl uenced 
a generation of designers.

Craftspeople and woodworkers focus on the human skill of making and the visual and 
tactile quality of the overall fi nish of furniture. Craftspeople typically focus upon the proper-
ties of materials and fabrication methods, emphasizing workmanship and the making of 
furniture. It is in the making that they seek to master the craft of joining or to perfect a 
technique for fi nishing. Wendell Castle, Donald Judd, David Pye, Ernest Joyce, John 
Makepeace, George Nakashima, Sam Maloof, and Chris Simpson have written about fur-
niture design from this perspective, and through their built work and writing, each has 
contributed to a body of knowledge concerning material, fabrication methods, and craft.

Architects, industrial designers, interior designers, furniture designers, artists, engineers, 
fabricators, craftspeople, theorists, sociologists, cultural anthropologists, historians, and 
business entrepreneurs actively contribute to furniture design in unique ways and hold 
distinct views about furniture. The sociologist and the cultural anthropologist represent one 
point of view and the interior designer and architect another. The industrial designer and 
product engineer provide yet another, and the craftsperson and artist represent a fourth 
perspective in forming thoughts about design and how they interrelate with the discipline 
of furniture design.
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c h a p t e r

7Materials

MATTER IS THE material of design. Consider the self-expanding polyurethane foam 
Anti-object armchair, fabricated using pails of resin by Gunnar Aagaard Andersen (1919–
1982) in 1964 (Figure 7.1), or the hand-woven cane seat pan in The Chair, designed by Hans 
J. Wegner (Figure 7.2), and hand-crafted in Johannes Hansen’s workshop in 1949. It would 
be a challenge not to acknowledge the infl uence that materials and craftsmanship had in 
the design and fabrication of these furnishings.

Figure 7.1 Expanded urethane foam—Anti-object, designed and made by Gunnar 
Aagaard Andersen, (1964). Photography by Jim Postell, 2005.

Figure 7.2 Solid teak frame with cane (wicker-
work) seat pan. The Chair, designed by Hans J. 
Wegner (1947–1949), made by Johannes Hansen 
in 1949. Photography by Jim Postell, 2006.
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Figure 7.3 Vacuum-molded studies— DIS student furniture projects displayed at the International Furniture 
Fair in Copenhagen, 2006. Photography by Jim Postell, 2006.

Figure 7.4 Plastic T-tables, designed by Patricia Urquiola (2006), manufactured by Kartell. Photography by 

Jim Postell, 2006.
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In The Material of Invention, Ezio Manzini takes a philosophical approach to the science 
of material. Professor Manzini is specifi c about the physical properties of material and 
thoughtful regarding how materials can infl uence design thinking. He presents the argu-
ment that material and technology drive innovative design by examining the relationships 
between matter and material (i.e., how material and its physical properties are an integral 
part of the process of transforming ideas into furniture). What was once considered impos-
sible to make (let alone design) has become increasingly more possible to realize through 
evolving technology.

It is assumed that during prehistoric times, “furniture” was constructed from readily 
available natural materials and worked by hand into useful objects. As time progressed, 
materials were categorized, selected, and, in some regards, harvested and synthesized. 
Metals were combined to form alloys. Recently, materials have been designed at the molec-
ular level (i.e., polymers), and from those efforts, nanotechnologies have emerged as a 
means to create biomaterials, many of which are biodegradable. Today, the technology is 
available to design and make almost anything. Scientifi c investigations have led to molecule-
sized machines, extraordinarily sensitive sensors, and revolutionary manufacturing and fi n-
ishing methods.

Furniture designers do not need to understand the particulars of molecular science 
and nanotechnologies, or know the biomaterials currently available, but they do need to 
appreciate the distinction between matter and material. More important, designers need 
to understand why one material is better or more appropriate than another for a given 
situation. They should be informed about the newest materials and have a working 
knowledge of material properties. Doing so may help them conceive and develop better 
furniture designs.

Materials and how they are used in design contribute signifi cantly to the structural 
integrity, comfort, and aesthetics of furniture. Considering the properties and characteris-
tics of materials early in the conception of design focuses the designer’s thinking on the 
limits and constraints of materials, which, ironically, opens the door to creative design 
ideas.

Today, material research focuses on environmental issues, physical properties, health-
related concerns, and performance-related characteristics. Digital design and fabrication 
technologies, along with new synthetic materials, have an enormous potential to infl uence 
the fi eld of furniture design.

MATERIAL MATTERS

From the vacuum-molded studies produced by students using laminated veneers (Figure 
7.3) to the translucent polymer tables industrially produced in polymethyl methacrylate 
(PMMA) by Kartell (Figure 7.4), materials matter. Some designers utilize new materials in 
traditional ways, and some designers seek unique ways of utilizing conventional materials. 
In either case, material is a signifi cant determinant of form and function. At the fringe of 
material research are the working prototypes made from new polymers, new alloys, aero-
gels, new composite wood products, and biodegradable green materials. Before we seek 
to understand the appropriate uses and applications of materials encountered in contem-
porary furniture, we should look at the discoveries and inventions made during the 
past 7,000 years. Consider how the methods of fabrication and the physical characteristics 
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of furniture have evolved in tandem with the chronology of the discovery and use of 
materials:

5000 BCE  Urushiol-based lacquers were used in China to produce hard, durable 

fi nishes.

4000 BCE  Copper was used for cutting implements and edges of 

tools.

3000 BCE  The Egyptians used bronze, an alloy of copper and tin, in the ratio of nine 

parts copper to one part tin for offering tables and small items.

2600 BCE The Egyptians invented glass (i.e., enamel).

2300 BCE The Bronze Age began in Britain.

1550 BCE  The Hittites developed a crude form of iron extracted from 

iron ore.

1300 BCE The Iron Age began in the Near East.

550 BCE   Surviving Etruscan bronze furniture included thrones, chests, tables, 

couches, and circular barrel chairs.

500 BCE   Brass, an alloy of zinc and copper, was widely used by the 

Romans.

50 BCE  The Phoenicians developed glassblowing techniques.

105 CE   The Chinese court offi cial Ts’ai Lun invented papermaking from textile waste 

using rags. Later, Chinese papermakers developed sized, coated, and dyed 

paper.

700  Porcelain was fi rst used by the Chinese.

1284  Horners Company established an early plastics trade association.

1455   The Gutenberg Bible was printed, marking the fi rst use of movable 

metal type.

1530   Peter of Anghiera (from Spain) provided the fi rst printed mention of rubber 

(gummi optima).

1650   The use of bronze returned to furniture making in the cast supports and 

furniture mounts for tables. These were often gilded and in France were 

known as bronze doré.

1764   James Hargreaves invented the spinning jenny for cotton products (cotton is 

a natural fi ber derived from the cotton plant).

1785   The power loom was invented by Edmund Cartwright to speed cloth 

production.

1791   Samuel Peal patented the waterproofi ng of fabrics with a rubber 

solution.

1805  Luigi Brugnatelli invented modern electroplating.

1829   Michael Faraday established a formula for natural rubber known 

as C5H8.

1834  Justus von Liebig developed melamine.

1843   Charles Goodyear and Thomas Hancock individually applied for rubber 

vulcanization patents.

1851   A process for thermosetting ebonite material was patented by Goodyear for 

pens, etc.

1856   Henry Bessemer developed the Bessemer converter to produce 

steel.
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1868   The reissue of a patent by John K. Mayo described a cross-laminated sheet 

product as a precursor to plywood.

1873   Glass fi bers, woven into cloth (the precursor to fi berglass), were made by 

Jules de Brunfaut.

1884  Hilaire de Chardonnet synthesized the fi rst artifi cial textile.

1900   Invention of plywood, a sheet material made from built-up layers of wood 

veneer.

1907   Bakelite, the fi rst totally synthetic thermosetting plastic, was derived from the 

reaction of  phenol-formaldehyde that sets solid when heated.

1909   Dr. Leo Hendrik Baekeland received a “heat and pressure” patent for 

phenolic resins.

1912  Daniel J. O’Connor and Herbert A. Faber invented Formica.

1912   Russian scientist Ivan Ostromislensky patented the use of plasticizers and 

developed polyvinyl chloride (PVC).

1913   Stainless steel was invented by Harry Brearley in Sheffi eld, 

England.

1920   Quick-drying, solvent-based lacquers that contain nitrocellulose were 

developed in the early 1920s by scientists at Dupont in the 

United States.

1922  Hermann Staudinger synthesized rubber.

1928  First commercial applications of urea- formaldehyde and PVC.

1930  Neoprene and polystyrene were invented.

1936   A forerunner of Plexiglas (polyvinyl methacrylate) was created 

by pressing two sheets of polymethyl acrylate between two sheets 

of glass.

1937   Wallace Carothers invented nylon, which is strong, resists water and mildew, 

and is a malleable plastic.

1939  First patent issued for epoxy.

1940   Invention of polyurethane, an important synthetic plastic used in 

 furniture, which can be fl exible, rigid, structural, or supplied as a textile 

coating.

1948  George de Mestral invented Velcro.

1954   Guilio Natta invented polypropylene, a plastic commonly used in injection-

molded furniture.

1956   The Scotchgard fabric and material protector was developed by Patsy 

Sherman.

1958  Invention of polycarbonate.

1959  The fl oat glass process was patented by Pilkington Brothers.

1960   Medium-density fi berboard (MDF) was developed in the United States. 

This man-made, wood-based sheet material consists of fi ne fi bers of timber 

mixed with urea- formaldehyde resin and additives to form a felted material. 

The material is then subjected to heat and pressure to create rigid boards 

and panels.

1964   British engineer Leslie Phillips developed carbon fi bers by heat-treating 

acrylonitrile fi bers. This resulted in fi bers twice as strong as steel.

1971   Kevlar, a fi ber fi ve times stronger than steel, was 

invented.
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1975   Invention and patent for continuously anodizing aluminum by Howard 

Fromson.

1981   K. Eric Drexler promoted the idea of molecular manufacturing 

systems.

1986  Materials scientists developed synthetic skin.

1990   Two new biodegradable plastics, Novon and Biopol, were 

developed.

1993   The fi rst international conference on “Green Goods” was held at the Hague, 

the Netherlands, from September 30 to October 1.

2000  New materials made with corn proteins became available.

2006   The technology for making thin fi lm nanotubes by evaporation was 

invented.

The chronology of material invention and use parallels the evolution of concepts and 
design inquiry in the history of furniture design.1 New materials are often used to over-
come the limitations of existing materials. It often takes years to generate fresh ideas 
about form and function based upon the physical properties of new materials. Cast iron 
lampposts were initially manufactured to look like carved stone. Plastic laminate tables 
were initially fabricated to look like fi nished wood tables. It is diffi cult to go beyond 
 conventional thinking about materials, but innovative design can result by doing so 
(Figure 7.5).

Figure 7.5 GUBI Cinal shelv-
ing, designed by Chris Ferebec 
(2002), wood veneer 
on an aluminum core. 
Manufactured by GUBI, 
Denmark. Photography by 

Jim Postell, 2006.
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Besides having economic value, materials have social and cultural 
value. Thus, when case goods are made from wood, typically expen-
sive case goods are made from select woods such as Honduran 
mahogany (Figure 7.6) or materials that simulate select woods. Woods 
such as rosewood, walnut, cherry, and Swiss pear are valued for their 
associative meanings more than their material properties.

During World War II, Danish designers such as Kaare Klint began to 
use locally grown white oak in many of their furniture designs because 
imported rosewood and mahoganies (which were preferred and widely 
used at the time) were unavailable. Light oak in furniture was used out 
of necessity, and it contributed to a Scandinavian aesthetic that emerged 
in the 1950s.

The study of materials sheds light on important health-related 
issues. Fibrous asbestos in acoustical ceiling tile, wiring insulation, 
and thermal insulation were concerns in the 1980s. Formaldehyde in 
MDF and composite woods, the carcinogenic fumes that result from 
metal plating processes, the arsenic in pressure-treated lumber, and 
volatile organic compounds (VOCs) released from PVC polymers, 
glues, and fi nishes also are of concern (Figure 7.7). Thoughtful selec-
tion and use of materials along with their fi nishes will contribute to the health, welfare, 
and safety of the public.

Many designers consider and utilize materials with specifi c physical characteristics and 
structural properties. Refl ecting upon material as a structural element requires a willingness 
to suspend preconceptions and traditions about aesthetics in order to explore new correla-
tions between form and function and materials technology. The CO6 chair, designed by Pol 
Quadens (Figure 7.8), made from resin and polycarbon fi ber, illustrates such thinking in 
getting the most out of the least material. It weighs just 990 grams. In short, consider the 

Figure 7.7 Release of VOCs through material, binder, and 
 fi nish. Photography by Brian F. Davies, 2004.

Figure 7.8 Digital rendering of the CO6 chair, designed by 
Pol Quadens (1995). 80 cm high, 38 cm deep, 45 cm 
long. Digital rendered image courtesy of Pol Quadens.

Figure 7.6 Round coffee table in mahogany, designed by 
Kaare Klint (1943), fabricated by Rud. Rasmussen, 
Denmark. Photography by Jim Postell, 2006.
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basic properties and characteristics of material, and allow that information to guide your 
thinking about design.

MATERIAL PROPERTIES

What are the material properties that furniture designers need to consider? What envi-
ronmental conditions or structural characteristics infl uence the decision to use a specifi c 
wood or plastic in design? How might leather’s ability to absorb odor, moisture, and oils 
affect the decision on whether or not to use it? Considering material properties is integral 
to the design process. Some important technical matters arise when the following ques-
tions are raised:

 � How much do materials expand or contract when exposed to environmental 
changes in humidity or temperature? This can help establish an index to quantify a 
material’s stability and its structural qualities.

 � How well do materials wear and age?
 � Might a material’s perceived “warmth” or “comfort” 

guide its use in a specifi c application?

Materials respond to changes in the environment in differ-
ent ways. Wood expands and contracts with changes in rela-
tive humidity and tends to darken over time when exposed to 
UV radiation (daylight). Metals expand and contract when the 
temperature changes, and most metals such as aluminum 
and copper will develop a protective patina when exposed to 
air and moisture, while other metals such as unprotected 
steel, will rust. Leather is affected by temperature, daylight, 
and moisture changes. Plastic can be affected by ultraviolet 
(UV) radiation (full-spectrum light) as well as temperature. 
Acrylonitrile butadiene styrene (ABS) is a thermoplastic that is 
sensitive to fading and becomes brittle when exposed to day-
light, while polypropylene plastic is less reactive to daylight, 
making it more suitable for exterior applications. Concrete 
never completely cures, glass is always slumping, and organic 
materials decompose. All materials undergo some degree of 
creep (defl ection) when subjected to a uniform load or 
applied force.

Material properties are important to consider when select-
ing material for furniture. The beauty of materials should be 
integrated with performance, purpose, and use. Consider the 
stool designs by Erling Christoffersen for their poetic use of 
materials that perfectly suit the performance requirements 
(Figures 7.9 and 7.10). The three uniform, molded elements 
create both seat and legs. The seat’s shape results from  joining 
and tilting the three elements toward one another, creating 
both comfort and resistance to lateral forces due to the angu-
lar cross-section of the legs. The open triangular space in the 
seat pan serves as a handle for the stool.

Figure 7.9 Top view of the Triangular Stool, designed by Erling 
Christoffersen (2004), showing the three components designed to give 
strength and lateral stability to the stool. Photography by Ole Akhej.

Figure 7.10 Triangular Stools, designed by Erling Christoffersen (2004), 
fabricated in maple or bird’s eye laminated ply. Photography by Ole Akhej.
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Characteristics of material can be quantitative (measurable), and qualitative (perceived 
through the senses). A material’s performance in furniture is a relative matter. How well mate-
rials perform is infl uenced by many considerations grounded by technical material properties 
and descriptive characteristics. As a matter of introduction, consider the infl uence that the 
following material properties and characteristics have on the form and utility of furniture:

 � Absorptive quality
 � Aging and weathering
 � Cellular structure (open cell or closed cell)
 � Compressive and tensile strength
 � Density
 � Dimensional movement
 � Ductility
 � Durability
 � Elasticity
 � Expandability
 � Haptic sensations
 � Moisture resistance
 � Stability
 � Surface qualities
 � VOCs
 � Workability
 � Other aspects

Absorptive Quality

A material’s absorptive quality is its ability to absorb moisture, oils, and odors. Fabric and 
unfi nished wood will absorb all three. Ring porous/semi–ring porous, open-grained woods, 
such as mahogany, can take a stain better than diffuse porous, closed-grained wood, such 
as hard maple; however, both woods can receive a deep-looking fi nish, but the processes 
may be different. Some woods are relatively high in 
oil content, such as teak, and are best fi nished using 
shellac. Others are remarkably dense, such as 
Gabon or Madagascar ebony, and have diffi culty 
absorbing oil fi nishes. Cork is soft to the touch and 
will stain, but it is not absorptive. Jasper Morrison 
used cork as the primary material in his series of 
table stools produced by Vitra (Figure 7.11). These 
stools appear unfi nished.

Granite is a type of igneous rock and will not 
absorb moisture or odors. It is remarkably dense, 
though sealing is suggested because bacteria can 
grow in the tiny pores of granite’s surface. Marble 
and limestone are both calcium carbonates, which 
will absorb moisture and oils, and are particularly 
susceptible to acids and to staining by olive oil. 
Metals are generally considered non-absorptive 
materials, although they are affected by 

Figure 7.11 Cork tables, designed by Jasper Morrison (2004) for Vitra. Photography 

by Jim Postell, 2006.

c07.indd   211c07.indd   211 12/09/12   9:31 PM12/09/12   9:31 PM



212   Materials

atmospheric conditions and air quality. Oils and acids can affect metals. Some stainless steel 
metals will stain. Metals can be lacquered to preserve their appearance, but lacquer fi nishes 
on metal generally do not last; eventually, metal surfaces will oxidize. Powder coating is an 
effective alternative to consider as a fi nish for metals.

Aging and Weathering

Climatic and environmental conditions of humidity, moisture, air quality, and daylight all 
have a signifi cant infl uence on materials and furniture. Aging processes are evident in a 
material’s decay, illustrating the temporal quality of furniture. Copper, wood, and leather 
will develop a patina over time. Patina is a term used to describe a surface condition pro-
duced by a material’s exposure to the natural elements such as moisture, air, and sunlight, 
as well as by age, wear, or rubbing. Ultraviolet radiation breaks down the natural pigment 
in wood, causing lumber to turn silver over time.

Aspects of aging and weather are vital considerations with regard to the specifi cation 
of materials. As materials wear with use and weather over time, their properties will change. 
The surface and fi nish of wood needs to be routinely maintained. Would the natural patina 
and oxidation of select hardwoods infl uence how or when it is used in design?

Imperfections caused by age and use rarely hold value and, depending on the context, 
are not considered assets.

Cellular Structure (Open-Cell or Closed-Cell)

A material’s cellular structure infl uences its technical properties, including abrasion resis-
tance, moisture resistance, density, hardness, and its ability to absorb odors. As an example, 
wood is composed of open (strawlike) and closed (rodlike) cells that run with the grain. 
Hardwoods are generally open-cell materials, and softwoods are generally nonporous (rod-
like). The cellular structure of wood affects grain quality and determines the characteristics 
of its stability and workability. Wood is strong in the direction of its grain and signifi cantly 
weaker in tension perpendicular to its grain (Figure 7.12).

Figure 7.12 Turned and steam-
bent wood—cut with the 
grain. Photography by Jim 

Postell, 2006.
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Each material, whether classifi ed as either natural or synthetic, has a unique cellular 
structure that contributes to its visual and visceral appeal, which, in turn, infl uences its 
inherent performance characteristics. For example, wood is not considered a homogeneous 
material due to its differing grain density, fi gure, and cellular structure within a specifi c tree 
or between different species. Therefore, the properties and workability of lumber may not 
be uniform. Steel, on the other hand, is a homogenous material, and its properties and 
workability are relatively uniform. The specifi c arrangement and content of a material’s 
molecular structure will infl uence its properties and workability and can help to determine 
whether a material is porous or impervious, transparent or opaque, fl ammable or fi re resis-
tant. In short, material properties are directly related to a material’s structure (considered at 
a microscopic level).

Compressive and Tensile Strength

The compressive and tensile strengths of materials are related but distinct in their perfor-
mance capabilities. Compressive strength is the ability of material to resist compressive 
forces (pushing), while tensile strength is the material’s ability to resist tensile forces (pull-
ing). Wood performs well in both compression and tension parallel to the grain, but when 
pulled at a right angle to the grain, it will split. Wood does not strongly resist shear forces 
applied along its grain, making it relatively easy to split with an axe or a chisel. Concrete 
performs well in compression but poorly in tension. Steel has excellent tensile and compres-
sive strength, making it an ideal choice for the structural frame in Anders Hermansen’s Wire 
Sketch 1 chair designed in 1985 (Figure 7.13), and Poul Kjærholm’s folded spring steel 
frame in PK 25, designed in 1951 (Figure 7.14).

Figure 7.13 Wire Sketch 1 chair, designed by Anders Hermansen (1985). 
Made of 5-mm black painted steel. Photography by Jim Postell, 2006.

Figure 7.14 Continuous-folded, spring steel frame for PK 
25 designed by Poul Kjærholm (1951) while he was a stu-
dent at the furniture department of the School of Arts and 
Crafts in Denmark. Photography by Jim Postell, 2006.
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Density

Density is the weight of a material relative to its volume 
or mass. Brazilian cherry wood is a dense tropical hard-
wood that has a beautiful grain fi gure. Paper is a light-
weight material and is relatively warm to the touch. It is 
the primary material in the laminated corrugated card-
board Little Beaver lounge chair, designed by Frank O. 
Gehry (Figure 7.15). The concept of using an inexpensive 
material to create a beautiful object, especially one warm 
to the touch, was the start of a democratic ideology in 
furniture design using a material so familiar and accessi-
ble to everyone.

The tubular steel frame chairs by the early modernists 
Mart Stam, Marcel Breuer, and Ludwig Mies van der Rohe 
were cool to the touch, with carefully placed leather, fab-
ric, or caning wherever the chair came into contact with 
the body (Figures 7.16 and 7.17). Dense materials such as 
metals tend to conduct heat away from the body, resulting 
in the sensation of coolness to the touch.

The sensation of cool or warm materials is one con-
sideration in furniture design that infl uences the haptic 
sensation (tactile experience) of furniture. Consider the 
apparent temperature of an aluminum chair in the same 
room as a wood chair. Metals, glass, and ceramics are 
heat-conductive materials. They feel relatively cooler 
than non-heat-conductive materials under the same 
environmental conditions. Thermal conductivity is a 
measure of the rate at which heat is transferred through 
a material and is generally related to density. Denser 
materials like concrete conduct heat away 15 times 
faster than wood; steel conducts heat away 300 times 
faster than wood.2

Dimensional Movement

All wood species shrink upon drying and expand when the cells hydrate. Wood does not 
begin to shrink until all “free water” is removed and “bound water” loss begins. Hardwood 
lumber must have a moisture content of 6 to 12 percent to meet the standard of the 
National Hardwood Lumber Association (NHLA) grades. Some woods shrink and expand 
more than others. However, there is a noticeable variation within any species between its 
tangential and radial shrinkage. Imagine a small slice of a log. The internal and inconsis-
tent stresses in lumber are dependent on how the tree was cut at the mill. Quarter-sawn 
lumber will expand and contract similarly to plain-sawn lumber, but quarter-sawn lumber 
is less prone to cupping. As plain-sawn lumber dries, it shrinks much more tangentially, 
causing it to split more often than quarter-sawn lumber.

It is important that furniture designers and fabricators understand the degree of com-
patibility between materials that connect to one another and know what precautions must 

Figure 7.15 Little Beaver, corrugated cardboard lounge chair with ottoman 
designed by Frank O. Gehry (1987–1988). Manufactured initially by Chiru, 
then by Vitra International. Photography by Jim Postell, 2006.

Figure 7.16 Detail of cane-work and chromed steel tubing in the MR 
lounge chair. Designed by Ludwig Mies van der Rohe (1927) and introduced 
at the Weissenhof Exhibition. Photography by Jim Postell, 2006.
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be taken to allow for the relative differential in movement by 
different materials. In Figure 7.18, an end grain butt joint in 
the structural supports fabricated with two different woods 
(maple and cherry) necessitated core drilling twice through 
the entire length of the composite leg assembly. The different 
woods were then secured in compression using threaded rods 
and locking nuts. PVA or epoxy glue with dowels would not 
have secured the connection well enough, and over time, due 
to the differential in the dimensional changes of the two spe-
cies, the joint would have failed.

Wood is not a homogeneous solid material; consequently, 
movement that results from changes in relative humidity is 
not equal in all directions. Shrinkage takes place in every 
dimension of wood except along the length of the grain. 
Quarter-sawn lumber will expand and contract, as will plain-
sawn lumber, but quarter-sawn lumber tends to move and 
shrink less than plain-sawn lumber and is less prone to cup-
ping. Plain-sawn lumber has inherently greater internal forces 
due to its grain and the way in which the wood was cut at 
the mill. As a general rule, one should avoid gluing wide and 
long pieces of wood cross-grain to one another (as in a skirt 
or apron for a table). When it is unavoidable, consider using 
a mortise and tenon or a slotted mechanical connection to 
allow for expansive and contractive movement.

Figure 7.17 Today, the MR 
lounge is manufactured by Knoll, 
Inc. using a thick cowhide sling 
with nylon laces for the seat and 
back, much like the origi-
nal. Photography courtesy of 

Knoll, Inc.

Figure 7.18 Vertical supports of the Ambo are joined using threaded 
dowels, secured in compression. Photography by Jim Postell, 2000.
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Ductility

A material’s ductility is its ability to be molded or shaped without breaking. Copper is a 
ductile metal. It folds, bends, and can be hammered or formed, as shown in Figure 7.19. 
Aluminum is far less ductile and is best when forged, cast, extruded, or rolled into shape 
(Figure 7.20). Polypropylene is a ductile polymer and can take a signifi cant impact without 
breaking, especially when an elastomeric is added. Cork is a ductile wood product and is the 
primary material used in KorQ, a lounge chair designed by Kevin Walz in 1996 (Figure 7.21).

Figure 7.19 Folded copper drawer fronts 
with integrated copper handles inset in six 
Baltic birch storage units, designed 
and fabricated by Jim Postell (2005). 
Photography by Jim Postell, 2009.

Figure 7.20 Outside aluminum bench. Photography copyright 

© William A. Yokel, 2005.

Figure 7.21 KorQ—design by Kevin Walz (1996), made with 
100 percent cork. Drawing by SAID student Amy Ballman, 

School of Architecture and Interior Design, University of 

Cincinnati, courtesy Jim Postell.
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Durability

Relative to a material’s color, dimension, surface quality, and structural performance, most 
material characteristics are in a constant state of fl ux. Sunlight, wind, and pollution are exte-
rior forces that infl uence the quality and integrity of a material’s surface. Use, wear, and 
maintenance also infl uence the physical condition of materials over time. Applied tensile or 
compressive forces can infl uence a material’s form. Considered together, exterior and interior 
forces complement one another, and the notion of durability engages both domains.

Durable materials such as galvanized metal, epoxy resins, and hard plastics will generally 
last longer than steel, organic textiles, and soft thermoplastics.

Elasticity

A material’s modulus of elasticity is evident when deformations produced by low stress are 
completely recoverable after the load is removed. Giandomenico Belotti’s Spaghetti chair 
(1979–1983), produced by Alias, utilizes elas-
tic PVC tubing for its seat pan and seat back 
(Figure 7.22). The tubing gently supports the 
user and returns to its original shape when 
the load is removed from the chair. The ability 
of a material to return to its original shape 
can offer signifi cant potential for wide-reach-
ing products, which include the wooden skis 
made of birch in the 1940s as well as the 
memory foam pillows available today.

The modulus of elasticity (Young’s mod-
ulus) is a material parameter that describes 
the relationship between stress and strain 
when a solid body is subjected to external 
force. A material with a high modulus of 
elasticity is considered rigid and will resist 
deformation, while a material with a low 
modulus of elasticity will appear pliable 
when under stress or applied force.

Expandability

Expandable polyurethane is a material that 
expands when exposed to air for the fi rst 
time. Gaetano Pesce used this material in his 
UP series chairs (Figure 7.23). The UP series 
consists of seven models of sofas and arm-
chairs of different sizes. The chairs were 
shipped by the manufacturer, compressed in 
a thermo-sealed vacuum container at 10 
percent of their actual size. When they were 
unsealed, the foam expanded back to its 

Figure 7.22 Elastomeric PVC tubing in the Spaghetti chair. Designed by Giandomenico 
Belotti (1979–1983), for Alias SpA. 32¾ inches high; 15 7/8 inches wide; 20 1/8 inches 
deep; 18¼ inches seat height (83.2 high; 40.3 wide; 51.1 cm deep; seat height 46.4 cm). 
Photography by Jim Postell, 1990.
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original size and gained full form approxi-
mately one hour after the seal was 
broken.

Most materials (except for thermoset-
ting plastics) expand with either heat or 
moisture. Metal expands when heated. 
Wood and leather expand when moisture 
is increased. Thermoplastics (polymers) 
expand when heat is applied. Fabric and 
rubber deform when tensile forces are 
applied.

Haptic Sensations

Haptic sensations are the physical, senso-
rial, and phenomenological experiences of 
touching and interacting with furniture 
(Figure 7.24). Aluminum feels cool to the 
touch, even in temperate and controlled 
conditions. Glass is also cold to the touch, 
and oils from the hand and fi ngers can 
leave marks if the glass is not treated. 
Vinyl does not pass moisture and can 
cause condensation to form when direct 
contact is made with exposed skin. Plastic 
laminates can be abrasive over time to 
clothes and skin. In response to these 
characteristics, designers and companies 
have sought to work with new materials 
and have utilized existing materials in 
ingenious ways. In the 1990s, Steelcase 
came out with Silique, a material designed 
for work surfaces, which was not as abra-
sive as traditional high-pressure (HP)  plastic 
laminate. Herman Miller uses an open-
mesh, elastomeric fabric called Pellicile for 
their popular Aeron chairs. Many design-
ers from the Bauhaus in Dessau, Germany, 
including Mart Stam, Marcel Breuer, and 
Ludwig Mies van der Rohe, utilized leather 
and cane wherever their chairs came into 
direct contact with the human body.

Metals can be plated in a number of 
standard fi nishes and colors. Plating is 
done over a brass or nickel base in a 
broad variety of metals and in a range of 
surface qualities. Metal surfaces can be 
executed in polished or satin fi nishes. 

Figure 7.23 UP 5, expanded polyurethane foam upholstered in stretch nylon and wool jersey, 
designed by Gaetano Pesce for C & B Italia (1969). 47¼ inches wide; 51¼ inches deep; 40½ inches 
high (120 cm wide; 130 cm deep; 103 cm high). Photography by Jim Postell, 2006.

Figure 7.24 Ron Arad—dynamic seating exhibited at the Trapholt Furniture Museum, Kolding, 
Denmark. Photography by Jim Postell, 2006.
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Concrete can be fi nished in either a hand trowel or broom fi nish, or can be etched, stamped, 
glazed, stained, waxed, or polished. Stone can be polished, hammered, fl amed, or honed. 
Glass can be annealed, cast, distressed, fl oated, blown, or tempered. For every material 
used in furniture, there are many options to consider regarding the fi nish and characteristics 
of surface quality, and generally, different surface fi nishes will create different tactile 
experiences.

Stability

Stable materials remain inert, with little or no dimensional change, when changes occur in 
moisture, temperature, or applied force. MDF is one of the most dimensionally stable wood 
composite materials and is used as a substrate for veneers. Marine-grade plywood is excel-
lent for outside or wet conditions. It is able to withstand submergence in boiling water for 
an hour without delaminating at the core. (Cassina uses marine plywood to manufacture 
Gerrit Rietveld’s Red-Blue chair.) Ceramics, granite, stone, and thermosetting plastics are 
stable materials unaffected by moisture and temperature. The epoxy resin 543 Broadway 
chairs designed by Gaetano Pesce are made from a thermosetting epoxy resin and are not 
affected by heat or daylight, as would a chair made from a thermoplastic (Figure 7.25). All 
materials creep—that is, deform over time when subjected to a constant load. This is evi-
dent when long, thin wood shelves gradually sag.

Particleboard is a composite wood product made with formaldehyde, which does not 
prohibit moisture from causing the wood chips to expand. This makes particleboard 

Figure 7.25 543 Broadway 
chairs, designed by Gaetano 
Pesce (1993), manufactured by 
Bernini Spa using epoxy resin. 
74.3 cm wide; 15.2 cm high; 
39 cm deep. 
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 particularly susceptible to structural deformation when exposed to moisture. For this reason, 
particleboard should not be used in furniture unless it is adequately supported.

Surface Qualities

Historically, societies have placed a high value on the surface and fi nish of all things made. 
Beyond furniture’s visual appeal, surfaces are felt; they absorb and emit odor; they need to 
be cleaned and maintained; and most surfaces will wear, scratch, and fade. Many common 
materials such as wood, stone, and natural fabrics are porous and require sealers to protect 
and enhance their visual appeal.

Surface quality is a general term that describes the visual and tactile characteristics of a 
material’s surface. Descriptive characteristics of unfi nished wood include fi gure, grain, and 
texture. Descriptive characteristics of fi nished wood include depth and luster. Metal can be 
polished or given a patina, and genuine leather has a “soft hand.”

A material’s unique cellular structure will infl uence its surface attributes. The arrange-
ment of its atoms will differentiate its visual and performance characteristics, such as its 
absorptive or impervious aspects, its brittle or resilient nature, and its transparent or opaque 
attributes.

A textile with open-cell cellular structure such as cotton will breathe well. A painted, 
open-grain wood may be susceptible to peeling when changes in humidity cause the grain 
to rise and expand. Metal can tarnish, glass can slump, and wood will darken over time.

Visual Aspects of Finished Wood Surfaces

Visual Depth
Depth is a visual quality that depends on the process and type of 
fi nish used as much as it does on the wood species itself. Wood 
surfaces with an open cellular structure can be enhanced with 
an oil fi nish. Open-celled wood, when fi nished with oil or a lac-
quer, can be enhanced by the natural cellular structure and the 
depth of penetration by the fi nish. In the past, the fi rst fi nish 
coat applied to wood furniture, casework, or fl ooring, was often 
thinned using mineral spirits to allow for deeper penetration. 
This, in turn, created a greater sense of visual depth in the 
wood’s fi nish.

Luster
The ability of fi nished wood to refl ect and refract light gives 
luster to its surface. Luster is a visual quality that becomes 
apparent only when wood is fi nished. Compact and smooth 
woods such as curly or hard maple and special qualities in grain 
such as ribbon curl, when fi nished, can reveal a remarkable lus-
ter (Figure 7.26). Luster and color in fi nished wood are respon-
sive to and dependent on one’s viewing angle, the characteristics 
of the grain, and the source of the light. Walk around a fi nished 
table and study the visual transformation that occurs as the 

Figure 7.26 Table being fi nished using a nitrocellulose lacquer. 
Photography by Jim Postell, 1993.

c07.indd   220c07.indd   220 12/09/12   9:31 PM12/09/12   9:31 PM



Material Properties   221

viewing angle and orientation change. It is remarkable how much variation can be perceived 
in the luster and color of fi nished wood.

Visual Aspects of Unfi nished Wood Surfaces

Figure
Figure is a term that describes grain anomalies. The natural characteristics of wood (i.e., 
medullary rays, growth rings, color variation, texture, knots, and abnormalities) all contrib-
ute to the characteristics of wood’s fi gure. Imperfections such as stresses during growth and 
disease also contribute to wood’s fi gure. Storing, drying, and seasoning lumber can affect 
a wood’s grain. The formation of small checks, splits, or fl aws on the surface of lumber can 
result from uneven seasoning. This is known as checking. Various types of fi guring in wood 
include: ribbon stripe, fl ake, wormholes, block mottles, bird’s eye, fi ddle-back, quilted, 
curly grain, tiger, crotch, and burl.

Grain
Grain is the direction of the fi bers relative to the long axis of the tree. Cut boards have three 
categories of grain based on location—face grain, edge grain, and end grain. In lumber 
where growth has been even and the cell structure is in line with the main axis of the tree, 
the wood will be straight-grained and relatively easy to work. Quarter-sawn straight grain 
results in uniform and stable lumber. Depending on how the tree is milled, wavy grain can 
give a rippled effect on tangential surfaces, while unusual growth malformations in the 
cambium layer of maple cause the cells to grow into a series of small, tight cellular structures 
called bird’s eye.

The term grain is also used to describe the way wood is worked. Sawing, planing, and 
sanding are typically done with the grain. Cuts made at 90 degrees to the grain are known 
as cross-cuts and often require fi ner blades for quality cuts.

Texture
The texture or feel of a wood’s surface is the result of the cellular structure of the material. 
Lumber that has wide vessels or open cells, such as red oak, is considered coarse-textured, 
whereas lumber with closed, porous cells and densely spaced cells is considered to be fi ne-
textured (like the mahoganies). Softwoods are not open-celled. Their cells have a small 
diameter. As a general rule, think of softwoods as a bundle of tiny solid rods and hardwoods 
as a bundle of tiny open straws. The texture of softwoods results from the difference 
between early and latewood zones. When these zones are strongly marked, as in Douglas 
fi r, the texture is considered uneven, and when there is little contrast between the zones, 
as in sugar pine, the wood is considered evenly textured.

Volatile Organic Compounds

In the processes of fabricating furniture, materials are often bonded or laminated, surfaces 
are primed and painted, and edges are seamed and sealed. The adhesives, binders, paints, 
sealants, solvents, thinners, and varnishes used in these fabrication processes can release a 
substantial amount of volatile organic compounds (VOCs) into the environment. As a goal, 
low or no volatile organic compound emissions are desirable. VOCs can cause signifi cant 
health problems, environmental damage, and annoying delays in getting products to market. 
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Many large offi ce furniture companies have had to warehouse their completed furniture 
products for several weeks to allow the vapor to dissipate before shipping them to the cli-
ent. This step requires off-site storage, which adds time and cost to getting the furniture to 
market.

VOCs are naturally or synthetically derived, carbon-based organic chemicals emitted 
as gases into the air by the process of evaporation. Formaldehyde, the second most com-
mon VOC, is produced as the solvent in adhesives, paints, and varnishes evaporates. 
Maintaining a moderate temperature can affect VOC emissions because relatively hot and 
humid environmental conditions allow for more vaporization of formaldehyde from 
wood-based material. Many cleaning products and wood-fi nishing preservatives are 
sources of VOCs.

When released in enclosed interior spaces, VOCs can contribute to health problems, 
such as:

 � Allergic sensitization or asthmatic symptoms
 � Eye, nose, and throat irritation
 � Headaches
 � Loss of coordination
 � Nausea
 � The exacerbation of lung, heart, and other existing health problems when com-
bined with nitrogen oxide to form ground-level ozone

VOCs can penetrate the fi bers of absorptive materials such as upholstered furnishings, 
in which they can remain embedded for weeks, months, and even years. Whenever possi-
ble, upholstered furnishings should be delivered and installed in a project after the installa-
tion of materials fi nished with polyurethane, catalyzed lacquer varnishes, or solvent-based 
adhesives. Visit www.epa.gov//iaq/voc.html for more information.

Workability

Workability is the quality of a material’s response to being cut, drilled, sanded, planed, 
folded, or shaped. For wood, the classifi cations applied to the resistance in cutting and the 
blunting effects on tools are based on kiln-dried wood of 12 percent moisture content. 
Mahogany is easy to cut and carve and is an ideal choice for many wood furniture designs. 
Woods that have changes in their grain direction are diffi cult to joint and plane. Cherry, 
despite its beautiful grain fi gure, often has directional changes in its grain, making it some-
what diffi cult to work. Tempered glass cannot be cut or drilled after tempering. Care should 
be taken in etching tempered glass because this procedure can cause the tempered glass 
to shatter into hundreds of tiny pieces. Limestone is particularly easy to work with power 
tools. Marble and granite can be precisely cut, using either a water jet cutter or a computer 
numeric controlled (CNC) device; they can also be drilled, sanded, honed, and carved. 
However, marble is especially fragile along its veins and can easily break when shear forces 
are applied. Stainless steel and copper can be welded, but it is diffi cult to weld copper 
because the heat required can also melt the copper. In welding copper, low-temperature/
high-voltage welds are required.

Furniture components are fabricated. Designers need to consider the workability of 
materials as well as the assembly of their components (Figure 7.27).
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Other Aspects

The visual, tactile, and structural characteristics of materials can be affected by changes in 
temperature, moisture, and time. Most woods, especially cherry, will darken when exposed 
to full-spectrum sunlight (UV radiation) and air (oxidation). With a proper fi nish, when 
allowed to age naturally, cherry has enormous visual depth and a rainbow of colors. 
However, American black walnut will initially darken, then, slowly lighten over a period of 

Figure 7.27 Visual comparison: 
The Workability of Selected 
Hardwoods. Illustration by 

University of Cincinnati 

student Nicholas Scott, 2006.
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time. Most metals, including aluminum, copper, and bronze, will develop a protective patina 
on exposed surfaces that results from the natural processes of oxidation. Leather and wood 
expand when exposed to moisture. Paints, stains, dyes, and applied fi nishes can dry out, 
fade, and crack over time. ABS plastics signifi cantly fade and become brittle when exposed 
to full-spectrum sunlight. The surface quality of most materials is always changing, and this 
makes repairing or refi nishing older furniture such as antiques especially diffi cult.

MATERIALS: A TO Z

Material classifi cations for furniture traditionally begin with wood and continue through 
metal, stone, glass, polymers, and composite boards. Some think of wood as a natural 
material, metal as somewhat less natural, and plastic as even further removed from nature; 
yet, all materials are natural. Even polymers, alloys, and synthetic materials are dependent 
on a base of natural compounds.

The following materials are organized alphabetically to serve as a resource for furniture 
designers and fabricators interested in material properties. Though adhesives are technically 
not considered a material, we begin with them because of their importance in making fur-
niture and the wide spectrum of their properties.

Adhesives and Glues

Adhesives and glues are designed to adhere materials together. Technically, glues are con-
sidered natural, and adhesives are considered synthetic. There is no universal glue that will 
adhere anything to everything under all conditions. There are several general-purpose and 
special-purpose glues and adhesives. The fi rst questions to ask when deciding which glue 
to use are:

 � What materials are you bonding?
 � Under what conditions do you need them to maintain their bond (waterproof, 
freeze/thaw)?

 � How quickly must the bond reach full strength?
 � How strong must the bond be?
 � What properties (clear, sandable, etc.) must the glue have when it is dry or cured?

Animal Glues
Hide glue is made by boiling animal bones, hoofs, and skins, which results in a hard cake 
that is then soaked in water and heated. This produces a gelatinous mass. When reheated, 
this mass becomes liquid, giving it an instant “grab” when applied warm. Hide glue was 
once used for cabinetmaking purposes and hand veneering processes. Its set time, however, 
takes up to 24 hours, and it is odorous. Warming the glue with applied moisture will reverse 
the adhesive process. Hide glue is a good adhesive for repairing antiques and has good 
workability. Its bonding strength, however, is not as strong as that of PVA glues, and even 
the heat of an attic space can cause hide glue to fail.

Nearly 5,000 years ago, the Egyptians used hide glue to make furniture.4 During the 
seventeenth century, the best glues were pure hide or fi sh glues. In the early twentieth 
century, animal glues were still used for secondary or assembly gluing without the applica-
tion of heat for a speedy turnaround time. Hide glue was generally used to glue wood joints 
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and to lay down veneers, but it is only occasionally used today. Today, synthetic glues have 
replaced animal glues.

Vegetable Glues
Vegetable glues are made from a range of starch granules found in tapioca, rye fl our, natu-
ral rubber, and soybean dissolved in a solution of caustic alkali. Starch glues were used 
primarily for plywood lamination and veneer work. Special rubber-latex vegetable glues 
have been formulated and used for contact adhesives to bond plastic laminates, upholstery, 
and foam work.

Synthetic Glues
Synthetic (also known as white, yellow, or carpenter) glues are a category of special-purpose 
glues developed during the second half of the twentieth century. These glues respond to 
heat and special accelerants and therefore can have vastly accelerated setting times.

 � Polyvinyl acetate (PVA) is a white or yellow synthetic polymer that was fi rst discovered 
in Germany by Dr. Fritz Klatte in 1912. It is a thermoplastic, water-based glue that 
sets as water diffuses into the materials being glued. It is prepared by the polymeriza-
tion of vinyl acetate. Partial or complete hydrolysis of the polymer is used to prepare 
polyvinyl alcohol. PVA is sold as an emulsion in water and used as an adhesive for 
porous materials, particularly wood. It is the most commonly used wood glue.

 � Contact adhesives: Ideal for paper-backed veneers and laminating sheet materials 
together. Contact adhesive is not recommended for wood-on-wood conditions but 
is fi ne for phenolic-backed wood veneering. These adhesives are typically thinner 
based and caustic, but newer water-based contact adhesives are available and are 
far less caustic.

 � Epoxy: Extremely tough and durable synthetic resins that consist of two parts that, 
when mixed together, bond a wide variety of dissimilar materials under relatively 
harsh conditions. Used for securing metal or stone to wood. Both the resin and the 
hardener are irritants, and their vapors are toxic.

 � Instant glue: An extremely fast-bonding adhesive. The chemical name is ethyl cya-
noacrylate. Cyanoacrylate is the generic name for substances such as methyl-2-
cyanoacrylate, which is typically sold under the brand names Super Glue and Instant 
Krazy Glue.® 2-Octyl cyanoacrylate is used in medical glues such as Dermabond 
and TraumaSeal. Cyanoacrylate adhesives are sometimes known as instant adhe-
sives. They work best on smaller surfaces. Accelerators are available to speed their 
curing and bonding times. The bond is instant, colorless, transparent, and strong 
(except in shear). It was originally used for nonporous surfaces. Gel versions are 
now available for more porous surfaces.

 � Plastic cement: Used to join polystyrene plastic. It works by dissolving the areas that 
will be joined together, and in the dissolved areas, molecules from the two parts 
fuse together. It is very volatile and high in VOCs.

 � Polyurethane glues: These glues bond all wood, especially dense woods or those 
with high levels of oil such as teak. They expand as they cure and are messy to work 
with, but they hold materials together very well. Mortise-and-tenon joinery is excel-
lent for polyurethane glues because they fi ll the voids and fully bond the joint. 
Gorilla Glue is a brand name of polyurethane glue, but many companies manufac-
ture polyurethane glues.
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 � Pressure-sensitive adhesives: Adhesives that bond on initial contact to most 
 surfaces. Paper-backed veneers need the application of signifi cant pressure (typi-
cally in refi nishing cabinetry using pressure-sensitive veneers). The advantage of 
pressure-sensitive adhesives is that there is no drying or curing time. The strength 
of the bond varies with the formulation. Examples include no-lick stamps and enve-
lopes, various tapes, and pressure-sensitive veneers.

 � Rubber cement: Polymers mixed in a solvent such as acetone or benzene to keep 
them fl uid enough during application make this glue one of the class of drying 
adhesives. As the solvent evaporates, a strong yet fl exible bond remains. An advan-
tage is the ease of rubbing to remove excess cement. It is used for bonding two- or 
three-ply paper-backed veneers and laminated components or components with a 
plywood backing. The fumes are toxic, and protective measures are needed when 
using rubber cement.

 � Silicon: One hundred percent silicon is a good adhesive for bonding glass or metal 
to wood. The process of curing can take up to 48 hours. Silicon is a relatively clean, 
transparent adhesive that works well when PVA and epoxy glues cannot be used.

 � UV glue: UV glue uses UV light for curing. The result is a permanent and clear bond. 
One or both of the materials have to be clear, as the process needs UV rays from 
sunlight or artifi cial light sources. UV glues are especially useful for bonding glass 
furniture, as the process does not leave an unwanted “fog.”

 � White glue: Nontoxic, odorless, nonfl ammable, and dries clear in less than an hour. 
Used for bonding paper, wood, cloth, and pottery.

 � Yellow glue: Used for bonding wood furniture. It is a higher-quality derivative of 
white glue that dries stronger and is more resistant to moisture.

Composite Boards

Composite boards are built-up boards used for specifi c applications. They are the mate-
rial of choice for use as a substrate for large case goods that have an applied veneer. They 
are occasionally used as a fi nishing material. Composite boards often have a core with 
thinner plies of wood or other materials applied to each side of a core. They also include 
a range of fi berboards, such as oriented strand board (OSB), MDF, Medite II (which is one 
of many MDF products made without formaldehyde), high-density fi berboard (HDF), 
wheatboard, and particleboard.

MDF and HDF
MDF is manufactured from softwoods broken down into wood fi bers through steam pres-
sure and mixed with wax and resin. The mix is then formed into sheets using high pressure 
and applied heat. MDF has an exceptionally smooth surface, and because of its nondirec-
tional quality, it can be easily and precisely machined. It is an excellent substrate for wood 
veneer and high-pressure decorative laminate (HPDL) sheets because it is stable, fl at, 
and smooth faced. MDF is not moisture resistant. There is a waterproof variety called MDX. 
MDF will resist moisture better than OSB or particleboard, however.

MDF is one of the most dimensionally stable wood-based composite materials available 
today and is often used as a substrate for wood veneers and plastic laminates. It is available 
in 49 inch � 97 inch (124 cm � 246 cm) sheets.
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High-density fi berboard (HDF), or Masonite, is also known as hardboard. HDF is an engi-
neered fi berboard. It is similar to MDF, but it is denser, stronger, and harder. HDF is manu-
factured from exploded wood fi bers that have been signifi cantly compressed. Tempered HDF 
is hardboard that has been coated with a fi lm of linseed oil. This process makes tempered 
HDF more water and moisture resistant, more impact resistant, denser, and harder than 
MDF. HDF is used for drawer bottoms and back panels in contemporary furniture.

Plywood
The origins of plywood extend back to ancient Egypt and China, but modern plywood is a 
product of the Industrial Revolution. In the early 1900s, aviation research enhanced the 
production methods and material characteristics of plywood, including its weather resis-
tance. In the 1920s, plywood was used to create radical new forms. By the 1930s and 
1940s, architects and designers including Alvar Aalto and Charles and Ray Eames were 
experimenting with its practicality and beauty in furniture design.

Plywood is a composite board that consists of an odd number of thin plies of wood, 
which have been peeled off the log, called veneers. These veneers are laminated with glue 
at right angles in grain direction to each other, thus preventing the plywood from warping 
or cupping. The assembled and glued veneers are formed into sheet goods, bound under 
pressure and heat. Standard construction-grade plywood has three plies, whereas furniture 
and millwork-grade plywood have at least fi ve plies. The alternating core laminations in 
American plywood are 1/8-inch (3 mm) thick and can be made from several species of woods, 
including poplar, Douglas fi r, and pine. Finished plywood is often sold in 4-foot � 8-foot 
(122 cm by 244 cm) sheets. Baltic birch plywood is made with 1/16-inch (1.5 mm) core lamina-
tions made from solid birch and is sold in 5-foot � 5-foot (150 cm � 150 cm) sheets. 
Bending plywood is typically 3/8-inch (0.95 cm) thick and is typically sold in 4-foot � 8-foot 
(122 cm � 244 cm) sheets to either barrel roll or column roll, depending on the desired 
direction for the bend. In addition, 1/8-inch (3 mm) thick bending plywood is available in 
4-foot � 8-foot (122 cm by 244 cm) sheets and can be made to curve with a radius as tight 
as 21/2 inches (6.3 cm). It is typically manufactured using Philippine mahogany (Luann) and 
birch, with the veneers laminated perpendicular to one another.

American plywood can be purchased with a variety of wood veneer species and in a 
spectrum of surface and core qualities ranging from an A grade (high) to a D grade (low) 
on its face side and the number 1 (high) to 4 (low) describing the quality on its back side. 
The core of plywood is also rated using a letter system; K is a good-quality core, and lower 
grades are labeled with the letter L or M. The letter and numeric notations are established 
by the Hardwood Plywood and Veneer Association (HPVA). Hardwood veneer is graded for 
quality by the Architectural Woodwork Institute (AWI).

 � Grade A: The veneer is smooth, tight cut, and full length. The grain of the hard-
wood must run parallel to the plywood. Rotary-cut faces may be whole piece or 
multipiece with tight edge joints having no sharp color contrasts at the joints. Face 
grain panels must be book matched. Plain-sliced (fl at-cut) faces will be book 
matched unless otherwise specifi ed.

 � Grade B: The veneer is smooth, tight cut, and full length. Slip- or book-matched 
veneers are available. Sharp color contrasts at all joints are not permitted. Hardwood 
veneer faces may contain small burls and occasional pin knots, which may not 
exceed 6 mm (1/4 inch) in total diameter. Unfi lled wormholes, rough-cut veneer, 
knots, and other defects are not permitted.
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Baltic birch has better structural qualities and a more 
attractive edge grain than American plywood, but is gen-
erally available only in a B grade surface and only in 5-foot 
� 5-foot (150 cm � 150 cm) sheets. Despite the limita-
tions of its size, Baltic birch plywood is an excellent choice 
for cabinet and drawer fabrications but typically is not 
used as fi nish plywood.

Plywood can be bent and molded by machine, creat-
ing compound curves, which can better support the 
human body. The world’s fi rst cantilevered molded ply-
wood chair, the Panton S chair, designed by Verner 
Panton, was produced in 1966 by A. Sommer for Thonet. 
It is remarkably light and was a precedent for Panton’s 
later laminated wood and injected molded and stackable 
Panton chairs. The laminated-wood Mira Spectrum chair 
(ca. 1969) is shown in Figure 7.28. It was produced in 
different colors and came with either a U-shaped or 
round-shaped backrest.

British designer Gerald Summers (1899–1967) 
designed a lounge chair that was made from bent birch 
plywood (aeroplane ply) with pigmented lacquer. His 
design utilized lightweight veneers created for the aircraft 
industry and was inspired by the plywood furniture 
designed by the Finnish architect, Alvar Aalto. The single-
piece Lounge chair, designed in 1934, was simple to 
manufacture and exhibited structural integrity due to the 
laminated veneers. It was fabricated from seven sheets of 
aeroplane ply (each 3 mm thick), which were cut 
and  molded using glue and simple wood formwork 
(Figures 7.29 and 7.30). Summer’s laminated plywood 

Figure 7.28 Mira Spectrum chair, designed by Verner Panton (1969), 
produced by Gebrüder Thonet. Photography by Jim Postell, 2006.

Figure 7.30 Drawing, model study, and formwork for the Lounge chair. 
Photography by Jim Postell, 2011.

Figure 7.29 Lounge chair, designed by British designer 
Gerald Summers (1934), produced by Makers of Simple 
Furniture Ltd., London. Photography by Jim Postell, 2011.
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lounge chair was curvilinear and organic in form, as well as economical and durable—both 
characteristics embodied by his furniture company, Makers of Simple Furniture, cofounded 
with his wife in 1931.

Fabrics and Leather

Fabrics and leather are materials commonly used where furniture comes into direct contact 
with the human body. Fabric is a generic name given to natural and synthetic textiles.

Leather is the generic name given to animal hides prepared by a currier (Figure 7.31). 
Large animals are said to have “hides” (cow hide, buffalo hide), while smaller animals have 
“skins” (goatskin, sheepskin). Conventionally, leather upholstery calls for a thickness of 1.0 
to 1.2 mm, or 2½ to 2¾ oz. per square foot. Originally, hides were preserved using smoke 
of tannin-containing woods in tanneries. Tanneries were named after tannins, a neutral 
phenolic compound found in plants such as grapes, oak, and teas. Hides were soaked in a 

Figure 7.31 Pattern and trim 
variations for leather hides. The 
butt or middling is the fi nest cut. 
The shoulder, also of good qual-
ity, tends to be somewhat 
uneven and subject to growth 
marks. Due to thinness, the bel-
lies yield weaker leather, suited 
for specifi c purposes 
only. Drawing courtesy of Jim 

Postell, 2011.
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series of tannic acid baths for several days and dried in the sun 
over a bed of shredded wood.

Historically, fabrics and leather have been used on seat pans, 
upholstery covers, cushions, wall hangings, the arms of chairs, 
writing desks, and writing surfaces; to reinforce joints; and for 
selective uses as hinges. In the Middle Ages, some tables were 
covered with tapestries. Today’s sofas and chairs are typically 
upholstered in wool, cotton, leather, synthetic leather, nylon, 
rayon, spandex, and micro fi ber. The upholstered cushion in 
Figure 7.32 is covered with velour and functions as a hybrid 
between a beanbag and a portable pillow.

Some low-cost leather furniture uses genuine leather for 
cushions and backrests, while synthetic leather is used in high-
friction areas such as armrests and at the base where shoe scuffs 
do the most damage. This increases the life of the furniture and 
minimizes the need for maintenance and repair.

Leather contracts as it becomes dry and expands with increases 
in humidity, and most notably, it breathes. Care should be taken 
to prevent excessive sunlight from fading and drying leather.

Genuine leather is available in various processed forms and 
has what is called a soft hand. Naturally dyed leather tends to 
show imperfections, grain, wrinkles, and veins more than syn-
thetic leather. Naturally dyed leather ages well because there is 
no topcoat to crack with age. While this can make it more sus-
ceptible to natural oil stains, scrapes, and scuffs, these contrib-
ute to the deep, rich patina that leather gains with age. Lighter 
colors tend to show natural wear faster than deeper colors.

Leather is fi rst dyed, and then a protective layer is absorbed 
into the surface to prevent staining, scuffi ng, and scarring, 

resulting in a semisoft hand. This provides excellent durability and is ideal for environments 
with children and pets. A manufacturer’s recommended treatment can be used to prolong 
the life of leather and prevent unsightly cracking caused by long exposure to hard use and 
UV rays.

In 1938, the Argentinean architects Jorge Ferrari-Hardoy (1914–1977), Juan Kurchan, 
and Antonia Bonet designed the Sling/Butterfl y chair. In its original conception, it was made 
using canvass stretched over a wooden frame, later composed of two iron frames covered 
in a canvass or leather sling. The form of the chair is based on a nineteenth-century folding 
wooden British offi cer’s chair. The Sling/Butterfl y chair shown in Figure 7.33 has full-grain 
leather sling upholstery with strengthening repair to the underside. Initially manufactured 
by Artek and Knoll, the chair is 34.5 inches (87.6 cm) high; 32 inches (82 cm) deep; and 30 
inches (76.2 cm) wide.

The Cab chair is a full-grain leather chair designed in 1977 by Mario Bellini for Cassina. 
The fi rst Cab was designed without arms, utilizing a steel frame and a plastic internal dia-
phragm incorporated directly under the seat pan to offer support and reinforce the leather 
seat. The full-grain leather slips over the metal frame and zips up along the inner seam of 
each leg. All seams are sewn together using polyurethane threading, and the end grain of 
the exposed leather seams is dyed black. In 1979, a second Cab chair with arms was 
designed and produced (Figure 7.34).

Figure 7.32 Velour upholstered pillow, designed and fabricated by a 
DAAP student, University of Cincinnati. Photography by University 

of Cincinnati: Photographic Services. School of Design, 

University of Cincinnati, 2000.
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Figure 7.33 Sling/Butterfl y 
chair, designed by Antonio 
Bonet, Juan Kurchan, and Jorge 
Ferrari-Hardoy (1938), manufac-
tured by Knoll 
International. Photography 

courtesy of Knoll 

International.

Figure 7.34 Cab chairs, (with 
and without arms) designed by 
Mario Bellini (1977–1979), 
manufactured by 
Cassina. Photography by Jim 

Postell, 1996.

Synthetic leather is durable. It won’t stain easily, and does not feel as soft as natural 
leather. It is generally colder to the touch than genuine leather and will heat up in direct 
sunlight. It is generally nonporous; therefore, it does not breathe well. It is this quality, how-
ever, that enables synthetic leather to resist liquid and oil stains. It does not require treat-
ment, but can crack with age if an inexpensive synthetic material is chosen. Enormous 
strides have been made in creating synthetic leather products that wear and feel like genu-
ine leather.
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Gilt leather, often called Spanish leather, was made from calves’ skins faced with tin foil. 
Gilt leather is embossed or punched with patterns, which are then painted. Tooled leathers 
are produced in a similar manner. Gilt leather was extensively used for upholstery coverings 
and wall hangings.

Finishes

Finishes is a general term that includes single or multiple coatings or processes applied 
to a surface using either spray, brush, rag, sponge, electrolysis, mechanical, or abrasive 
methods (Figure 7.35). Historically, societies have placed a high value on the fi nish of 
furniture. Wood, stone, and fabrics are porous materials that need sealers to protect 
them and enhance their visual appeal. Wood is fi nished primarily to protect and enhance 
its surface. Glass can be fi nished to minimize the oily fi nger marks left by touching. Metal 
can be fi nished to minimize the effects of oxidation (though the protection is 
temporary).

Aniline Dyes
The fi rst industrial use of an aniline dye fi nish was in the manufacture of mauverine, a 
purple dye discovered in 1856 by William Henry Perkin. During the mid-nineteenth century, 
aniline was an expensive laboratory compound, but within 10 years of its fi rst manufacture, 
it was produced in signifi cant volumes, utilizing a manufacturing process that was previously 
invented by Antoine Bechampe.3

Aniline dyes are used on wood because of their intense color. Aniline dyes are available 
in water-based, alcohol-based, and oil-based formulas. Water-based formulas require prepa-
ration of the wood’s surface with a damp cloth prior to application in order to create a 

Figure 7.35 Various lacquers 
and varnishes used to fi nish 
furniture. Photography by 

Michael Toombs, 2009.

c07.indd   232c07.indd   232 12/09/12   9:31 PM12/09/12   9:31 PM



Materials: A to Z   233

smooth and seamless fi nish. Aniline dyes penetrate the surface of the wood rather than 
remaining on the surface (as stains tend to do) and are available in a wide range of bright 
and primary colors. When using water-based aniline dyes, one must carefully sand down 
any raised grain that results from the damp pretreatment. All dyes require a sealer and 
topcoats, whether oil, lacquer, or water-based.

Natural Lacquer
Natural lacquer is extracted from insects that secrete a resinous substance called scale. Scale 
was used in lacquer and in some varnishes, and has been known for 1,000 years as the best 
fi nish for furniture. Once dried, the natural lacquer protects the furniture from humidity, 
water, heat, and chemicals. The process takes a long time to cure and requires repeated appli-
cations, so it is not suitable for mass-produced furniture. Modern lacquer was developed to 
mimic natural lacquer and is the industry standard for mass-produced furniture (Figure 7.36).

Nitrocellulose and Precatalyzed Lacquer
Wood furniture is commonly fi nished using nitrocellulose and catalyzed lacquers in a matte, 
satin, or gloss sheen. Lacquer fi nishes protect wood surfaces and, when applied properly, 
greatly increase the perceived value of wood furnishings. When combined with aniline and 
pigmented dye stains, a fi ne lacquer fi nish can enhance the color, texture, and grain of 
wood. Boiled linseed and Danish oil fi nishes applied with a cloth or brush are beautiful but 
offer less protection from use.

Catalyzed lacquer fi nishes are harder and more durable fi nishes than standard nitrocel-
lulose lacquers but require more skill in their application. They are also relatively diffi cult to 
repair outside of a factory environment because of an ingredient that cures the lacquer in 
21 days to a nearly nonreactive fi nish.

Lacquered fi nishes are particularly susceptible to water stains, especially within the fi rst 30 
days of their application. Generally, vertical and horizontal wood surfaces receive a sprayed 
application. Horizontal surfaces generally receive one additional coat more than vertical sur-
faces. Care must be given not to overapply a nitrocellulose lacquer fi nish because each applica-
tion will fuse with the previously applied lacquer application, whereas catalyzed fi nishes will not.

Polyurethane/Spar Varnish
Polyurethane fi nishes are less attractive and slower to dry than lacquer fi nishes, but they are 
more durable and resistant to moisture and water when fully cured. When polyurethane is 

Figure 7.36 Lacquer sample. 
Photography courtesy of Courky 

Binggeli, Interior Design: A Survey (John 

Wiley & Sons, 2007).
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applied, cold joints result between each application, because the applied coat does not dis-
solve the previous coats. For this reason, each coat must be applied to a properly prepared 
surface using a brush, cloth, or spray. Between applications, care must be given to lightly 
sanding or cleaning the wood’s surface. Polyurethane-fi nished wood does not have the 
same luster that some lacquers have. Its fi nish has the look and feel of “plastic” and turns 
increasingly amber in color with age.

Spar varnishes make an excellent protective fi nish. When moisture is an issue, a poly-
urethane or spar urethane wood fi nish is typically used, because lacquer fi nishes are subject 
to moisture damage. Spar varnishes were fi rst used to fi nish the long, extended poles that 
supported the sails on boats, because the varnish fi nish remained fl exible and weathered 
UV radiation well. Today, spar varnishes often utilize modifi ed tung oil and resin for their 
fi nish and provide a durable and beautiful wood fi nish.

Powder Coat
Powder-coating processes utilize colored powder that has been given a positive electric 
charge. After the furniture’s surface is given a negative electrical charge, the powder 
is sprayed onto the surface of the component receiving the fi nish and the electrostatic 
charge enables the powder to adhere to the component’s surface. Once the powder 
is attached to the surface, the component is then baked to fuse the powder to 
the surface.

Waterborne Finishes
One-part waterborne fi nishes are essentially waterborne acrylic fi nishes that produce 
a hard, clear, low-odor protective fi nish fi lm adhered to the wood. Waterborne 
polyacrylic fi nishes have many advantages. They apply easily and dry quickly. They are 
environmentally safer than petroleum-based fi nishes. Of all available fi nishes, gloss poly-
acrylic fi nishes are water white and retain the natural appearance of wood without 
causing it to amber or darken. The problem with polyacrylic fi nishes is that they appear 
to generate less depth and luster than oil-based or lacquer fi nishes. Polyacrylic fi nishes 
generally look better on light-colored woods, such as maple, as opposed to dark woods, 
such as walnut.

Waterborne fi nishes are an excellent fi nish for cabinet interiors, drawer boxes, case 
goods, and work surfaces. In waterborne fi nishes, the acrylic resin results from the process 
of the water evaporating from the fi nish. It does not cure through a chemical reaction, as 
would be the case in a true catalyzed fi nish.

Soap Flakes–Lye
In Denmark, a common method of fi nishing wooden furniture is to apply a mixture of soap 
fl akes and water on unfi nished wood. The number of coats varies from 1 to 10, depending 
on the desired sheen and depth of the fi nish. Soap fl akes are mixed with water, applied in 
coats, and then rubbed to a fi nish. They offer an excellent satin sheen fi nish, retain the true 
color of the wood without causing it to turn amber, are environmentally safe, and can be 
easily cleaned and reapplied as necessary or desired.

Wax
Wax is generally used over an oil-based stained fi nish to seal the surface and add luster to 
the fi nish. Rubbing carnauba wax with a fi ne grade of steel wool over light scratches is an 
easy way to repair lacquer or polyurethane fi nishes. Using wax as a lubricant between the 
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steel wool and the wood, one can rub the fi nish to the desired sheen. Once the wax has 
dried, it can be polished using a cloth diaper or cheesecloth. Wax, however, is not a good 
fi nish for furniture, because it offers little or no protection for the wood. Periodically, wax 
fi nishes must be refi nished.

Purposes of fi nishing wood furniture include:

 � To protect the wood from dirt, moisture, oils, odors, or minor scratches.
 � To minimize the expansion and contraction of furniture due to changes in moisture 
content. It is important to fi nish all sides, not just the exposed surfaces.

 � To provide a smooth, nonporous surface that is easy to clean.
 � To improve the appearance of the wood by enhancing the color and quality of the 
grain.

Paint
Painting furniture has a long tradition as an inexpensive way to protect and embellish the 
piece and should not necessarily be undervalued. The Shakers painted their furniture with 
milk-based paint, especially large armoires made in the 1700s (Figure 7.37). With the tech-
nical advances made in powder-coat fi nishing techniques, painted furnishings have seen an 
enormous renaissance in popularity.

Glass

Discovered by the Egyptians and perfected by the Romans, glass is one of the oldest 
man-made materials. Its basic material component is sand (silicon dioxide). Modern 
glass is approximately 75 percent silica, with lime, sodium, lead, boron, or iron added 
to achieve different properties. Adding metals, minerals, and oxides to silica gener-
ates a range of colors in glass. Chromium creates a green color. Manganese can 
remove the green-blue tint lent by iron. Cobalt yields blue. Tin and arsenic oxides 
make glass white. Copper oxide produces a turquoise color. Gold produces a ruby 
red color. Nickel produces a purple color. Uranium produces a green or fluorescent 
yellow color.

Glass has been used extensively in millwork and decorative insets, but on occasion it is 
used in furniture. Consider its use in cabinets, shelves, and tables.

Glass is an inorganic material defi ned as a solidifi ed liquid because it transforms from a 
liquid to a solid state without crystallizing as it goes through several controlled cooling 
processes. The lack of a crystallizing transformation to the material results in light penetrat-
ing glass without diffusion, causing it to appear transparent.

Glass is available in many different qualities and types. Annealed glass is formed by 
pouring molten glass onto an iron plate covered with sand, which is where it is then 
smoothed with a roller before the annealing process. After annealing, the glass is ground 
and polished, but its faces are rarely parallel.

Float glass is produced by pouring molten glass on a molten tin surface. When the 
glass cools, it forms a surface that is smooth and uniform. It combines the distortion-
free qualities of ground and polished plate glass with less expensive production 
methods.

Glass can be blown, cast, rolled, pressed, slumped, and tempered. Glass is joined by 
glaze (melt) bonding, clamping, or by using silicones, adhesives, and epoxies (Figure 7.38).
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Figure 7.37 The shrank was a modifi ed ward-
robe that resembled the Dutch Kast (akin to the 
armoire). It was typically fabricated in sections 
due to its large size and brought to the United 
States by immigrants who settled in the colonies. 
This piece was made in 1790 of tulipwood deco-
rated with paint and wax inlay techniques as a 
relatively inexpensive way to embellish the 
piece. Photography by Jim Postell, 2011.

Stained glass is used in case goods and casework for its color, texture, and ambient qual-
ity. Stained glass is blown glass that is colored and textured using a range of techniques. 
Generally, stained glass has a textured side referred to as cathedral glass. Came is used to 
secure 1/8-inch (3-mm)-thick colored glass in place. Came is made in lead, zinc, or brass extru-
sions and is available in C- and H-shaped profi les.

Figure 7.38 1/8-inch (0.3-cm)-thick cast glass—
inset into an altar table. Photography by Jim 

Postell, 1992.
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Enamel is fi nely powdered silica (technically considered a glass), colored with metallic 
oxide and suspended in an oil medium for ease of application with a brush. It was used as 
an inlay material in French Rococo furniture.

Tempered glass is fl oat glass that is heated above 600 degrees Celsius and then rapidly 
cooled with forced drafts of air. This process cools the glass surface below its annealing point, 
causing it to harden and contract, while the inner portion of the glass remains free to fl ow for 
a short time. The fi nal contraction of the inner layer induces compressive stresses in the surface 
of the glass balanced by tensile stresses in the body of the glass. Observing the glass with polar-
ized light can reveal the pattern of cooling. The tempering process places tension in the glass, 
making it six times as strong as annealed glass. Tempered glass is sometimes incorrectly referred 
to as safety glass, which is glass laminated with plastic, as in automobile windshields.

The tensile strength of tempered glass comes with a penalty. Due to the balanced 
stresses in the glass, any damage or force applied to the glass edges will cause the glass to 
shatter into hundreds of tiny pieces. Thus, tempered glass must be cut to size and drilled 
before tempering, and it cannot be reworked once tempered. Ironically, while tempered 
glass can carry heavier loads, its surface is not as hard as that of annealed glass, and it is 
more susceptible to scratching.

A recently developed technique to strengthen glass uses a heat-bonded transparent 
plastic fi lm between two identical plates of glass. This chemical tempering process produces 
glass that is three times stronger than that produced by traditional tempering.

Glass can be cut using the Paser system, which involves a high-pressure pump that drives 
a mixture of water and abrasive powder through a cutting nozzle. The process is controlled 
by a computer. Preshaped and prebeveled glass is bent by placing it over heat-resistant steel 
and heating it in electric kilns to 630 degrees Celsius. The Ghost chair designed by Cini Boeri 
(see Chapter 4), produced by the Fiam company in Brianza, Italy, is an all-glass chair that 
results is created by using both these techniques. Glass can be welded using an adhesive 
that will cure only when exposed to full-spectrum UV light. The Elica table designed by Isoa 
Hosoe, produced by Tonelli (1988), and the Atlas table designed by Danny Lane, produced 
by Fiam (1988), are the result of the ability to weld glass in this manner.

Starphire glass is a glass with low iron content that is completely clear and without the 
pale green edge typical of most glass. Low-iron glass will also render a truer color when 
back-painted. Laminated or safety glass is annealed glass fused with plastic sheets that hold 
the glass in place when broken. Cast glass is diffi cult to control dimensionally but has a 
beautiful surface quality similar to that of ice.

Pyrex fi rst became available in 1915. Corning research physicist Jesse Littleton cut the 
bottom from a glass battery jar produced by Corning, took it home, and asked his wife to 
bake a cake in it. The glass withstood the heat during the baking process and led to the 
development of borosilicate glasses for kitchenware and later to a wide range of glass 
products marketed as Pyrex.

In 1936, the Rohm and Haas Company of Philadelphia pressed polymethyl acrylate 
between two pieces of glass, thereby making a clear plastic sheet. It was the forerunner of 
what in the United States was called Plexiglas® (polyvinyl methacrylate). Far tougher than glass, 
Plexiglas is used as a substitute for glass in automobiles, airplanes, furniture, signs, and homes.

Metal

Metal is used in both the form and structure of furniture as well as for hardware and 
mechanical fasteners. It is, however, a material considered uncomfortably cool to the touch 
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and therefore is conventionally used for supportive ele-
ments in furniture. It is a remarkable material that can be 
curved, bent, and rolled. Stainless steel, aluminum, brass, 
and bronze are commonly used metals in contemporary 
furniture (Figure 7.39). Ludwig Mies van der Rohe and Poul 
Kjærholm were both renowned for their preference for 
using stainless steel rather than chrome-plated steel in 
most of their furniture.

Metals are consistent in quality, stability, and hardness. 
Metal is a homogeneous material (without grain) and is 
given texture through a variety of techniques. It can be 
worked to precise dimensions far greater than those of 
wood, glass, or stone. Metal can be joined by being 
screwed, bolted, or welded. When joining different metals, 
keep in mind that galvanic action will occur when dis-
similar metals touch and are exposed to moisture. Galvanic 
action is a chemical reaction that occurs in the presence of 
humidity or moisture and will corrode one or the other 
metal when two metals are in contact.

Aluminum is a relatively soft, lightweight metal that 
can be cast in sand, rolled, extruded, forged, and drawn 
(Figure 7.40). However, it is very diffi cult to weld. It is an 
exceptional material for outdoor use because its outermost 
layer converts to aluminum oxide when exposed to air, giv-
ing aluminum a nearly transparent layer that resists further 
corrosion. Pure aluminum has excellent electrical and ther-
mal conductivity (as compared to copper). In the mid-
1800s, aluminum was more expensive than silver. Thanks 
to an abundance of aluminum-bearing ores (bauxite) and 
development of modern means of extracting the mineral, 
aluminum today is widely available and inexpensive. It is 
the third most abundant metal in the earth’s crust (after 
iron and silicone).

Brass is an alloy of copper and zinc that produces a 
soft yellow metal. Typically, brass is two-thirds copper and 
one-third zinc. It can be fi led, sawn, drilled, bent, and 
braised. Brass is used as a base metal for plating other 
metals and fi nishes, making it an excellent choice for 
architectural or cabinet furniture hardware. Secondary 
uses include screws and decorative work.

Bronze was the fi rst metal used in furniture. It is an 
alloy of copper and tin and is an excellent material for 
locks, hinges, and decorative elements because it is resis-
tant to corrosion.

Copper saws, fi les, and solders easily. Though it pol-
ishes easily, copper will patina to a brown and then to a 
green color (copper carbonate) in clean air, and to a black 

Figure 7.39 Brushed stainless steel was used for its material characteristic 
and sheen fi nish in PK 20, designed by Poul Kjærholm (1968). Made by Fritz 
Hansen since 1982. Photography by Jim Postell, 2006.

Figure 7.40 Cast aluminum Nesting coffee table designed by Romanian 
born Frederick Kiesler (1935–1938). 37 inches wide; 25 inches deep; 10 
inches high (94 cm wide; 63.5 deep; 25.5 cm high). Photography by Jim 

Postell, 2011.
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color (copper sulfi de) in dirty air. Copper and its alloys are easy to cast, to roll to sheet, to 
draw to wire, and to shape in other ways. Copper and its alloys are particularly desirable for 
recycling.

Carbon steel is an alloy of iron and has up to 1.7 percent carbon. Early-twentieth-
century furniture used tubular steel bent into various shapes. Mart Stam and Marcel Breuer 
of the Bauhaus were among the fi rst designers who used precision steel tubing in their 
furniture (Figure 7.41). Many furniture designers, beginning as early as the second half of 
the nineteenth century, used wire and steel rod. In the twentieth century, Harry Bertoia 
designed a series of wire frame chairs that are still in production (see Chapter 4). Carbon 
steels are easy to recycle, and little energy is needed to recycle them.

Ferrous metals are metals that have some percentage of iron in their content. The term 
ferrous is derived from the Latin word ferrum, which means “containing iron.” These met-
als are generally used to manufacture extruded bar stock, which is the basic structural 
framing elements used to fabricate supports and framework in furniture. Nonferrous metals 
such as aluminum, brass, bronze, chromium, copper, nickel, and zinc are commonly used 
as metal fi nishes. Steel is often galvanized with a thin coat of zinc to minimize oxidation, 
but it is diffi cult to work. The process of galvanizing steel with zinc makes it problematic to 
weld or cut safely in a shop because cutting or welding galvanized steel produces a toxic 
off-gas. Zinc, in its pure form, was used to clad bar counters throughout France because of 
zinc’s properties. It does not react to acids (wine) or cleaning fl uids and is easy to shape.

Although created earlier in the twentieth century by a Frenchman and a German, stainless 
steel was rediscovered in Sheffi eld, England, in 1913. Harry Brearley has been credited with 
popularizing the material. Made of iron with about 13 percent chromium and a small portion 
of carbon, stainless steel will not rust, remains ductile even at low temperatures, and welds 
easily. It is an excellent material for use in food service. There are many alloys of stainless steel, 

Figure 7.41 Design off-
spring—tubular metal chairs. 
Photography courtesy and 

proxy for photographer Erik 
Skoven.

c07.indd   239c07.indd   239 12/09/12   9:31 PM12/09/12   9:31 PM



240   Materials

which include USD316, USD321, USD306, and USD630. 
USD304 is the typical grade, composed of 74 percent iron, 18 
percent chromium, and 8 percent nickel. Stainless steel is 
selected mainly for its resistance to corrosion, its mechanical 
resistance, and its workability.

Paper

Paper would seem to be an unusual material for furniture—
it’s flimsy, fragile, and neither durable nor moisture resis-
tant. Nonetheless, designers have used paper in innovative 
ways to make furniture out of paper and paper products. 
Innovative pieces include Frank O. Gehry’s Easy Edges 
series, a line of corrugated cardboard pieces designed and 
fabricated for Bloomingdale’s department store. Two par-
ticularly intriguing experiments in honeycombed paper 
becoming furniture are the Soft Seating Fanning Stools, 
produced by the Canadian-founded design company Molo 
(2006), and Tokujin Yoshioka’s Honey-Pop Armchair, 
designed in 2001, originally made of honeycombed paper 
(Figures 7.42 and 7.43). Yoshioka used layers of glassine, a 
traditional type of paper used in lanterns, bonded with 
glue. Driade has since produced an inspired version of the 
paper armchair in white polypropylene.

Molo’s soft expandable paper furniture is made from Kraft 
paper, using a honeycomb structure to provide expanding 
characteristics and structural support. Molo’s Fanning Stools 
paper furniture is available in a natural brown Kraft paper and 
in a deep black (dyed with bamboo charcoal ink).

Plastics

Plastics include a vast assortment of polymers used to manu-
facture an enormous number of furnishings. Plastics are 
unique in the number of ways they can be shaped, formed, 
textured, and colored. They are often associated with modern 
life. In the early 1900s, plastic was used for small objects, 
eyeglasses, and containers. The late 1950s witnessed the use 
of plastic in furniture with the work of Charles Eames, Eero 
Saarinen, and Verner Panton. In the 1980s, companies such 
as Kartell and Artemide used plastic as the primary material in 
almost all of their furniture production. Plastics have been 
made possible by their unique forming characteristics and 
offer excellent electrical, thermal, tensile, and insulation prop-
erties. Material scientists have developed many polymer mate-
rials for a wide number of applications. Particularly attractive 
to the furniture designer is the fact that plastic furniture can 

Figure 7.42 Paper is the sole material used in Soft Seating Fanning 
Stool, produced by Molo (2006). Photography by Jim Postell, 2011.

Figure 7.43 Honeycombed paper (made from layers of glassine) used 
in the Honey-Pop Armchair, designed by Tokujin Yoshioka (2000–2001). 
Photography by Jim Postell, 2011.

c07.indd   240c07.indd   240 12/09/12   9:31 PM12/09/12   9:31 PM



Materials: A to Z   241

be made in one piece without joints or mechanical connections 
(Figure 7.44).

Plastics are made from polymers, which are chemical compounds 
composed of long molecules made up of chains of small, repeated 
units (monomers). Polymers are rarely used alone. Additives are often 
used to enhance the appearance, improve the strength, and change 
the characteristics of various plastics. Glass fi bers can be used to 
strengthen plastic. Glass, carbon, paper, cotton, zinc, aluminum, 
magnesium, wood, talc, chalk, calcium, vegetable oil, and clay are 
some of the materials that can be incorporated into polymers to cre-
ate different effects and properties. Polymeric products can be 
molded into any shape, are considered aesthetically pleasing, and 
have low density and a low coeffi cient of friction. Some plastics have 
excellent corrosion and impact resistance.

Plastics can be divided into two main categories. The fi rst cate-
gory has relatively short chains of molecules that are produced in the 
polymerization process. These polymers are called thermosetting 
plastics. In the second category of polymers, polymerization results 
in relatively long molecular structures called thermoplastics.

Thermosetting Plastics
A chemical change occurs in thermosetting plastics during the curing 
process. This irreversible condition is usually induced by mixing a resin 
with an activator, which coincides with the molding or forming of the component into its 
fi nal shape. Thermosets cannot be re-formed after they have cured. Any subsequent shap-
ing is carried out using traditional wood- or metalworking tools.

Phenol-formaldehyde (PF) resins are used widely for laminate materials for tables and 
countertops (Figure 7.45). PF resins are also used in wood glues, reinforced laminates, and 
moldings such as car distributor caps and electrical plugs. Common trade names are Bakelite 
and Melamine.

Urethane resins are available in a variety of densities, hardness, and working life. Molds 
for casting can be made of silicon rubber, aluminum, polyurethane, or epoxy. Resin ure-
thanes are designed for easy mixing by hand without the need of heating prior to pouring 
into the mold. The Pratt chair (no. 3), designed in 1984 by Italian furniture designer Gaetano 
Pesce, is made from urethane resin (Figure 7.46).

Polyurethane resin can be resistant to UV light. The Lounge chair (2006) is made of poly-
urethane resin, whose ability to be formed led to the creation of peices inspired by organic 
forms found in nature, such as natural plants and human bones (Figure 7.47). It is one of two 
pieces of a series called “Bone Furniture” designed by Joris Laarman in collaboration with 
the Dutch design foundation Droog, sponsored by the Barry Friedman Gallery of New York.

Urea-formaldehyde (UF) is used in wood glues, buttons, colored toilet seats, and domes-
tic electrical fi ttings.

Epoxides are specifi c epoxy glues for metal, glass, and other materials. They are used for 
encapsulation of electrical components, glass reinforcement, powder coatings, adhesives, 
marine protection coatings, molds, and dies for thermoplastics (Figure 7.48).

Polyester is used in fi nishes, fi berglass-reinforced boat hulls, car bodies, vehicle cabs, 
weather enclosures, and many applications where, in the face of weather conditions, aes-
thetics and durability are important. Polyester is also used in lacquers for wood fi nishing.

Figure 7.44 Trådskitsestol, a one-piece stamped plastic 
lounge, designed by Anders Hermansens, (1985). Photography 

by Jim Postell, 2006.
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Figure 7.46 Pratt chair (no. 3), designed by Gaetano Pesce 
(1984), was mixed and poured using urethane 
resin. Photography by Jim Postell, 2010.

Figure 7.45 Tête-à-Tête lounge seating, designed by Stanley Tigerman 
(1983) was made with Formica’s Colorcore material, a plastic laminate 
that has homogenous color. Photography by Hedrich-Blessing, Chicago. 

Courtesy of Formica Corporation.

Figure 7.47 Lounge chair designed by Joris Laarman (2006), in collaboration 
with the Dutch design foundation Droog. The chair is made of polyurethane 
resin. Photography by Jim Postell, 2011.

Figure 7.48 Rope chair, designed by Marcel Wanders (1996), 
produced by Dry Tech. The piece was made using epoxy-coated 
knotted rope. The chair resulted from the Dry Tech I project 
hosted by the Aviation and Space Lab at the Technical University 
at Delft in the Netherlands. Photography by Jim Postell, 2011.
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Thermoplastics
Thermoplastics soften when heated and regain their rigidity when cooled. Various thermo-
forming processes have been developed for changing the shape of thermoplastic sheets by 
exploiting this property, including:

 � Line bending
 � Vacuum forming
 � Dip coating
 � Dome blowing
 � Blow molding
 � Rotational molding
 � Injection molding
 � Extrusion (push and pull methods)

Unlike thermosetting plastics, no chemical change occurs when this type of plastic is 
heated and cooled. When a thermoformed object is reheated, it will soften again and can 
be re-formed or left to return to its original shape.

Between the 1920s and the 1940s, new synthetic fi bers and resins such as nylon, acrylic, 
and polyester were introduced. These materials were used to make clothing, industrial 
equipment, and Plexiglas. Nylon is strong and lightweight. Bases of offi ce chairs are manu-
factured using nylon. These components are usually injection molded and fi lled with fi llers 
such as glass or minerals to achieve higher durability. Because nylon absorbs humidity from 
the air, it is not recommended for humid areas.

Following the development of these materials, new compounds derived from the by-
products of the oil-refi ning process entered the market. Four materials synthesized from 
such hydrocarbon by-products are:

 � Polystyrene (PS) is a brittle thermoplastic known also as Styrofoam™. Polystyrene 
foam is used in packaging. It is processed by expanded foam molding.

 � Polyvinyl chloride (PVC) is used in plumbing fi xtures and weather-resistant home 
siding.

 � Polyethylene (PE) is the most common thermoplastic in everyday use. It is easy 
to work and can be used in line bending, vacuum forming, dip coating, injec-
tion molding, and blow and rotational molding. It is flexible, inexpensive, and 
widely used in packaging and ski bottoms. It is also resistant to humidity and 
water. Polyethylene foam is lightweight and can be dyed in a wide choice of 
colors.

 � Polyurethane (PU) is the most widely used of the elastomer foams. It is a self-
skinning material, and therefore produces a usable, durable fi nish when fully 
cured.

Acrylonitrile butadiene styrene (ABS) is a synthetic polymer thermoplastic available since 
1948. Mostly vacuum-formed and injection molded, it was used for making chairs in the 
mid-1960s. A fi berglass-reinforced plastic was used to produce Vico Magistretti’s Selene 
(Figure 7.49), manufactured by Artemide in 1969, as well as Anna Castelli Ferrieri’s Stooble 
(combining the words table and stool), produced by Kartell in 1987. ABS is used to make 
injection-molded chairs, storage systems, tables, and accessories. The material is generally 
opaque, though it can be transparent. ABS has an excellent resistance to impact and is easily 
dyed, allowing metallic tints to be obtained. ABS can be stabilized and made resistant to UV 
radiation and therefore can be suitable for external applications.
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Nylon is commonly used as a fi ber in textiles, but it is also available 
in rod, tube, sheet, and powder. Nylon has high resistance to abrasion, 
low friction characteristics, and good chemical resistance. Nylon will 
absorb water and will expand in wet or humid environments. It resists 
burning, but when combusted, it will bubble. It can be used for injec-
tion forming and dip coating and can be precisely machined using 
power tools.

Polyvinyl chloride (PVC) is a rigid or plasticized thermoplastic mate-
rial fi rst commercially developed in 1928–1930. It is one of the cheap-
est, most versatile, and most widely used polymers. PVC is banned 
from use in some countries, as it releases dioxin and produces carbon 
dioxide when it is burned—usually after the end of its useful life. It is 
also a known carcinogen. In its pure form as a thermoplastic, it is rigid. 
Joe Colombo’s Tube chair (1969) is made of rigid PVC, plastic, foam, 
and fabric. The Tube chair was manufactured by Flexform. When 
incorporated with plasticizers, PVC can be made fl exible as is the 
webbing for Giandomenico Bellotti’s Spaghetti chair, produced by 
Alias.

Polyethylene (PE) is a lightweight thermoplastic material developed 
in 1933. As a high-density, rigid plastic, it is used in injection or blow 
molding for a range of plastic furniture. It has a waxy feel and is avail-
able in a wide range of colors. PE is characterized by easy processing 
and chemical resistance, and strikes a balance between strength and 
rigidity. PE is a low-cost, recyclable material. The stacking PE child’s 
chair designed by Richard Sapper and Marco Zanuso (1983), produced 
by Kartell, is an example of PE used for seating.

In 1963, Karl Ziegler received the Nobel Prize in Chemistry for his 
work in developing a method for creating a high-density PE molecule 
with a very high melting point that could be manufactured at low 
temperatures and low pressures. PE has been made into dishes, 
squeezable bottles, and soft plastic materials.

Polypropylene (PP) was discovered in 1954 but was not used in 
furniture design until 1963, when the fi rst self-supporting, injection-
molded Hille stacking chair was produced. Many of the polymer com-
ponents (seat pan) of the 4822–44 stools, designed by Anna Castelli 
Ferrieri in 1979 for Kartell, were made of PP, which is recyclable. PP 
resists water well and can be used at high temperatures due to its high 
fusion point.

Polystyrene (PS) is a rigid plastic used in molded products. It is the 
most familiar and cheapest of all polymer foams. The fl ammability of 
PS foam was, at one time, a cause for concern. New fl ame retardants 
allow PS foams to meet current fi re safety standards. There are envi-
ronmental concerns about using PS because it is not biodegradable. 
The Chaise Panton, designed by Verner Panton (1958) was manufac-
tured by Vitra International AG for Herman Miller using PS, using the 
injection mold process (Figure 7.50).

Polyurethane (PU) is one of the most important synthetic plastics 
used in furniture. It can be made fl exible, rigid, or structural, and is 

Figure 7.49 Stackable Selene chairs, designed by Vico 
Magistretti (1969), manufactured by Artemide, injection-molded 
plastic. Photography copyright © William A. Yokel, 2005.

Figure 7.50 Chaise Panton designed by Verner Panton 
(1958), manufactured by Vitra International AG for Herman 
Miller, Inc. Photography by Jim Postell, 2006.
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used for coating textiles and as a wood fi nish. It is used as an upholstery foam when fl exible 
and as a chair frame shell when rigid. Non-Rubber, designed by Boris Berlin and Poul 
Christiansen of Komplot Design, utilizes PU mixed with an elastomer as the primary mate-
rial, which is then injected into a two-part aluminum form around a continuously welded 
steel frame. The result is a reductive, iconic, and functional stackable chair. In 1970, the 
architect Mario Bellini used a self-skinning colored PU in Teneride (Figure 7.51), manufac-
tured by the Italian furniture company, Cassina.

Polycarbonate (PC) offers one of highest impact resistance ratings among the polymers. 
It is many times stronger than glass. PC is available in several grades, including UV stable, 
high fl ow, fl ame resistant, water resistant, high optical clarity, and wear resistant.

Lexan PC is a registered trademark for SABIC Innovative Plastics™ and one of the most 
widely known plastics. Available in sheets with a unique combination of high-impact 
strength and thermoformability, Lexan is ideally suited for security applications. No other 
plastic can match Lexan’s combination of light transmittance (clarity) and the ability to with-
stand extreme impact. It is easy to machine and weathers well.

Less impact resistant than Lexan is acrylic. Kartell produces the LCP Chaise (Low Chair 
Plastic) designed by Maarten Van Severen, which is made from an engineered acrylic called 
methacrylate. The LCP Chaise is formed by a sculptural loop of clear or colored methacry-
late, joined with rubber buffers to allow gentle movement from the user (Figure 7.52).

Carbon and Poly Fiber Carbon
In 1964, British engineer Leslie Phillips made carbon fi bers by stretching synthetic fi bers 
and then heating them. The resulting fi bers were twice as strong as the same weight of 
steel. Ron Arad’s Well-Tempered chair (1985) was originally fabricated out of four sheets of 
stainless steel that were bolted together. In 2002, it was reintroduced at the Milan Furniture 
Fair entitled Bad-Tempered chair, made of a specially developed plastic using glass, carbon, 
and Kevlar fi ber laminated in resin. Both designs are produced by Vitra Edition (Figure 7.53).

The fi rst chair to use molded carbon fi ber in an epoxy-resin matrix and polyurethane 
foam was the Light Light chair, designed by Alberto Meda in 1987 for the Italian company 
Alias. It is remarkably light and durable. In response to the desire for improved comfort and 
increased sales, Alberto Meda designed Soft Light in 1989, a composite of an aluminum 
honeycomb core with a skin of carbon fi ber and an elastomeric seat pan and seat back held 
in tension by the chair’s side and back support.

MYTO chairs were designed by German-born designer Konstantin Grcic (2007). These 
chairs are made of BASF Ultradur® (a high-speed plastic) and are produced using a single-
injected piece of an advanced plastic that has been used in the automotive industry. The 
molecular characteristics and strength of BASF Ultradur allow for a sleek transition from 
thick to thin cross-sections. This characteristic enables the cantilever in the seat pan, which 
is unexpected in a plastic chair (Figure 7.54).

Rubber and Elastomers

Wallace Carothers and a team at DuPont, building on work begun in Germany earlier in the 
twentieth century, developed synthetic rubber in 1930, though natural rubber was har-
vested in Peru many centuries earlier. Synthetic rubber is called neoprene, a substance more 
resistant to oil, gasoline, and ozone than natural rubber. It is also used as an adhesive and 
as a sealant in industrial uses. Neoprene can be purchased as a soft foam (neoprene 10–20) 
as well as a hard synthetic rubber (neoprene 60–70).
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Figure 7.51 Teneride, designed by Mario Bellini (1970), manufac-
tured by Cassina. Photography by Jim Postell, 2011.

Figure 7.52 LCP Chaise (Low Chair Plastic), designed by Maarten Van Severen 
(2000), manufactured by Kartell. 19 inches wide; 31½ inches deep; 27½ inches 
high; 12 inches seat height. Photography copyright © William A. Yokel, 2005.

Figure 7.53 Bad-Tempered chair, designed by Ron Arad (2002), 
manufactured by Kartell. Photography by Jim Postell, 2006.

Figure 7.54 Stacked MYTO chairs, designed by Konstantin Grcic (2007), are made 
from BASF Ultradur (a high-speed plastic), manufactured by Plank Collezioni Srl., 
Italy. Photography by Jim Postell, 2011.
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Rubber in furniture is generally reserved for 
wheels, bumpers, and mats. Natural rubber is an 
excellent, inexpensive, general-purpose elasto-
mer. Some furnishings employ elastomers and 
rubber as an integrative and substantial material 
(Figure 7.55).

Stone

Stone has been used to construct buildings for mil-
lennia but it also serves as a material for table sur-
faces, benches, decorative elements, and trim 
work (Figure 7.56).

Marble is a beautiful stone; however, it is sus-
ceptible to breakage along its natural veins and 
faults. Though excellent in compression, it is fragile 
in both shear and moment capacity. It also needs to 
be sealed because it is easily stained and damaged 
by acids. Marble consists of calcium carbonate that 
is crystallized by metamorphism and ranges from 
granular to compact in texture. Typically, it is pur-
chased in two slab thicknesses: 3/4 inch (2 cm) and 
11/4 inches (3 cm). Slabs available for purchase are 
typically 5 feet � 10 feet (152 cm � 304 cm).

Limestone is also calcium carbonate, formed by 
seashells left behind millions of years ago. The shells 
formed sedimentary layers at the bottom of the 
ocean fl oor. Through a process called metamorpho-
sis, they formed into limestone. Limestone, when fur-
ther heat and pressure are applied, becomes marble.

Limestone and marble can be sanded, sawed, 
honed, and put on a lathe and turned. These stones 
are porous and will absorb moisture and oils. They 
need to be sealed and regularly maintained.

Granite is an igneous stone that results from vol-
canic activity. It is the hardest and most durable of 
the natural stones but still needs to be well sup-
ported. It is resistant to heat, moisture, acids, alka-
lis, and most chemicals. Granite receives its color by 
being combined with other minerals. Cobalt makes 
blue, iron makes red and black, and copper makes green granite.

Though granite is durable, it is a porous material and prone to developing bacteria 
within its surface. Therefore, it is not ideal for commercial food service applications. Popular 
synthetic stones, acrylic surfacing materials, and stainless steels are common substitutes for 
granite counters in food service or kitchen environments.

Stones can be cut and sculpted using a CNC machine. With the infl ux of digital software 
and digital modeling programs, stones can be worked in any imaginable manner using 
three-, four-, and fi ve-axis milling machines.

Figure 7.56 Seating arrangement of granite blocks in various types and fi nishes at 
the Department of Architecture, Aalto University School of Science and Technology 
(TKK), Otaniemi, Espoo, Finland. Photography by Molly Storrs, 2009.

Figure 7.55 Rubber Tire-Tube chair, exhibited at the International Contemporary 
Furniture Fair in New York (designer and photographer unknown).
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Woods and Grasses

Wood
Wood has been the standard material used to make 
furniture since recorded time. Today, the process of 
working with solid lumber (by hand) to mass-produced 
furniture is generally considered economically unfea-
sible. This reality has caused furniture designers and 
companies to consider veneers and composite panels, 
computer-controlled cutting tools, and automated 
processes of painting and fi nishing wooden furniture. 
Laminated veneers and formed plywood designs 
became popular in the late 1940s, a development 
attributed to the initial studies by Charles and Ray 
Eames (Figure 7.57). Since that time, many companies 
have developed furniture production and fi nishing 
technologies that utilize sophisticated machinery and 
digital processes of working with laminated and com-
posite wood.

GUBI, a furniture company in Copenhagen, has 
produced a line of chairs made by pressing presliced 
veneer sheets under pressure into graceful com-
pound curves (Figure 7.58). The veneer sheets are 
fi ne-sliced before gluing and then formed into shape 
by a mold without cracking or buckling the veneers. 
The thin slices in the veneer fi ll with glue to set the 
veneer and are then sanded to look continuous. The 
chairs are well proportioned, comfortable, light-
weight, and relatively inexpensive.

Despite the economic success that many design-
ers and companies have had in making furniture that 
utilizes industrial processes, craftsmen and furniture 
designers continue to design and fabricate unique 
and limited-run studio furniture with lumber as the 
primary material. Therefore, knowledge of lumber 
and woodworking remains critically important for 
many designers and fabricators.

Furniture designers and furniture makers working with wood generally limit their selec-
tion to a few species from the several thousand available throughout the world. According 
to Ernest Joyce, author of The Encyclopedia of Furniture Making, there are over 43,000 
different species of wood-forming plants, of which 30,000 are regarded as timber producers 
and about 10,000 species are commercially available.5

As mentioned earlier, humidity and moisture changes in the environment will cause 
wood to move (mostly perpendicular to the direction of its grain). Different woods respond 
to changes in moisture at different rates. Generally, hardwoods are more susceptible to 
dimensional change than softwoods, with beech, maple, chestnut, and white oak enor-
mously susceptible to dimensional change. Walnut, poplar, and mahogany are some of the 
most stable.

Figure 7.57 Laminated plywood chair studies, Charles and Ray Eames. 
Photographer Nick Merrick/Hedrich Blessing, courtesy of Herman Miller.

Figure 7.58 GUBI II, designed by Komplot Design, (2006), for GUBI A/S 
Denmark. Photography by Thomas Ibsen.
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The two main classifi cations of wood are softwoods and hardwoods. Softwoods are 
coniferous (cone-bearing), and though they will lose some needles, they usually remain green 
throughout the year. Hardwoods are deciduous trees that lose their leaves during the winter 
season. Generally, softwoods are physically soft, such as redwood, but some softwoods, such 
as spruce and yellow pine, can be very hard indeed. Hardwoods such as maple, birch, and 
ash are hard. Basswood, poplar, and balsa are “soft” hardwoods. Regardless of the general 
classifi cation, what really matters is the specifi c material property of each species.

Wood Species
Individual wood species have particular characteristics, which cause certain species to be 
used for selective applications. Listed below are hardwoods and softwoods commonly used 
in making furniture, organized alphabetically:

 � Ash: White ash is a stable, straight-grain, and strong wood. It is exceptionally hard 
and shock resistant. Its heartwood is light tan, and its sapwood is creamy white. 
Ash is suitable for furniture and plywood veneer. It is readily available and moderate 
in its cost per board foot. Charles Renee Mackintosh used ebonized ash in his 
ladder-back upholstered chairs.

 � Beech: Its appearance is a medium brown wood with distinct open-cell grain. It is 
relatively easy to work and mill and takes fi nishes well.

 � Birch: Yellow birch is one of the prominent hardwoods. It is similar to maple, but 
has a bit darker color and is easier to work and mill. Its heartwood varies in color 
from medium to dark brown, while its sapwood is an off-white color.

 � Bubunga: This wood has a fi ne grain, is particularly dense, and fi nishes well.
 � Cherry: American black cherry is a reddish-brown hardwood that will darken, 
especially when exposed to direct sunlight. It is a stable closed-grain hardwood that 
may have an irregular face grain, with light sapwood and dark heartwood grain.

 � Hickory: This wood is pale brown in color, fl exible, and strong.
 � Mahogany: Most mahogany woods are reddish brown in color. They are easy to 
mill and work. It is a stable wood. African mahogany is reddish brown; Honduran 
mahogany and Cuban mahogany are medium brown.

 � Maple: The sapwood of hard maple is particularly white, but its heartwood is 
brown. It is a dense hardwood with a closed grain. Maple lumber and veneer are 
available in bird’s eye, a particular and unique fi gure in the wood’s grain, the origin 
of which is not known.

 � Oak: 
 � White oak is relatively medium brown in color and has an open grain, although 
a closed-cell structure. Its heartwood varies considerably in color from a light 
grayish tan to brown. It is hard, durable, and strong, making it an excellent 
hardwood in furniture.

 � Red oak is an open-cell grain and is relatively light in color. Uses include 
furniture, paneling, and casework.

 � Cork oak is a hardwood that grows throughout the Mediterranean. Its bark is 
used to make furniture and fl ooring.

 � Padauk: Padauk has hues of orange and red. It has a large open grain and is 
a particularly strong and stable hardwood. It receives stains and fi nishes well.

 � Pine: Ponderosa pine is light brown to light pink in color. It is a lightweight and rela-
tively strong softwood. It is used in the interior core (as plies) for plywood.
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 � Purpleheart: It has a pronounced purple color that turns dark 
brown over time. It is a dense and strong hardwood that is particu-
larly diffi cult to mill and work.

 � Teak: Brown in color, it is a strong, dimensionally stable, oily hard-
wood that is resistant to decay. It is originally from Burma. Its fi gure 
varies extensively and has limited uses for furniture and veneer 
work. It is an excellent wood for either indoor or outdoor 
applications.

 � Walnut: American black walnut is dark brown in color with light 
sapwood. It is a dense, stable hardwood with an open-grain 
 structure. It is relatively easy to work and fi nishes well. Uses include 
furniture, paneling, and veneer work.

Different species reveal unique properties that include ray pat-
terns, cellular structure, dimensional stability, color stability, work-
ability, grain confi guration, oil and silica content, modulus of 
elasticity, and coeffi cient of defl ection. A cross-section of a tree 
trunk (Figure 7.59) reveals various layers from the bark to the cen-
ter of its heartwood. The cambium layer is the layer just inside the 
bark and is made of a narrow ring of growth cells. The next layer 
inward is the sapwood, which distributes water and nutrients from 
the roots and is generally lighter in color than heartwood. 
Heartwood is the most generally desirable part of trees (darkened 
by extractives deposited over time) except for the maples, birch, 

and ash most desired for their lighter sapwood. The pith is the 
center of the tree and is impossible to use for furniture-making 
purposes because it is much too small. The outer protective layer 
of a tree is the bark. In birch and Spanish oak trees, bark is a useful 
material. Cork is the subcutaneous bark of the cork oak, Quercus 
suber, which grows in the Mediterranean region. Cork is light, 
porous, easily compressed, and elastic. It is a natural, closed-cell 
wood product and is waterproof. Compressing granulated cork 
under heat makes corkboard.

While some lumber is air dried, most is sent to a kiln. Most 
lumber mills use kilns to dry wood at a temperature between 110 
and 180 degrees Fahrenheit. The desirable moisture content of 
dried lumber for interior use usually ranges from 6 to 12 percent, 
depending upon its use and intended location. Kiln-drying 

methods also usually kill most diseases or insects that might be present in the wood. 
Furniture used in controlled environments will have a moisture content close to 6 per-
cent. It is ideal to work with wood and make all the joinery while the moisture content 
is compatible with its surroundings. Generally, wood will accept fi nishes better in drier 
conditions.

The direction of the grain in lumber depends on the tree’s growth over time as well as 
the manner in which it was cut at the lumber mill. Plain sawn, quarter sawn, and rift sawn 
are three ways to cut lumber from the trunk of a tree.

The most economical way of securing lumber from a tree is to plain saw the tree by 
repeatedly cutting the log in a straight line from top to bottom (Figure 7.60). This process 
will produce a majority of plain-sawn lumber, but some of the lumber will be rift and quarter 

Figure 7.59 Cross-section of a tree trunk. Photography by 

Jim Postell, 2006.

Figure 7.60 A boule log, plain-sawn mahogany lumber reas-
sembled with spacer strips. Photography by Jim Postell, 2006.
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sawn as well. A “cathedral” grain pattern results from cutting straight down through the 
“stack” of the tree’s growth rings. Plain-sawn cutting produces boards that may cup or 
warp over time because of the inherent stresses in the lumber. Quarter sawing results in the 
straightest face grain possible and is also much more stable. This process also yields less 
lumber and is therefore more expensive.

Quarter-sawn logs are cut into four equal parts along the length of the log. Each quarter 
is then positioned on the saw and ripped at 90 degrees. When the resultant cut lumber is 
between 30 and 45 degrees to the tangent of the growth rings, the lumber is called rift cut. 
Both rift- and quarter-sawn lumber are equally strong. Quarter-sawn lumber is more stable 
than plain-sawn lumber and is also more uniform in its face grain appearance.

Lumber expands or contracts perpendicularly to the axis of the grain; consequently, the 
designer must consider movement due to moisture variations. Joints such as the mortise 
and tenon, lap, fi nger, and dovetail have evolved over time to join pieces of wood together. 
Maximizing the surface of the joint in order to maximize the surface within the joint is 
important to its strength and long-term durability. Dowel pins, screws, and adhesives are 
options to consider in mechanically attaching wood together. Care must be taken with 
simple metal screw-to-wood connections, because over time, screws will loosen from the 
wood. It is always best to use metal-to-metal connections such as screws and threaded 
metal inserts.

Precompressed Wood
Precompressed wood is a method of forming wood three-dimensionally. The process uses 
regular lumber that is steamed until the wood is plasticized. Then it is placed in a compressor, 
which is a solid chamber. Enormous pressure is applied along the longitudinal direction of the 
wood, causing the fi bers of the wood to fold. This process destroys 
the integrity of the cellular structure of the wood and enables it 
to be remarkably fl exible while the wood retains its moisture 
(Figure 7.61). When fi xed in a form, the wood can be dried, either 
in the air, in an oven, or by exposing it to high-frequency electro-
magnetic radiation. The steamed wood can then be “worked” for 
several hours, or it can be wrapped in plastic to retain the mois-
ture and stored for several weeks—still retaining its fl exibility. Care 
must be taken not to store the wood too long because the high 
moisture will eventually cause it to rot. Though precompressed 
wood can easily be formed in a large number of compound 
curves, it is relatively unstable when dried and therefore is limited 
in use.6 However, for making working prototypes of furniture 
designs with compound curves, no material is as easy to work 
with as precompressed wood. The compressors capable of creat-
ing compressed wood are expensive and limited in availability.

Veneer
Wood veneers date to Egyptian times but became commonplace 
in the eighteenth century with the ebonite guilds. Veneering is the 
process of cutting thin layers of wood from a log using a veneer 
saw. A lathe will produce rotary cut veneers and a vertical knife 
will produce plain-sliced veneers. Veneers that are kept in sequence 
in batches are called fl itches. Rotary-cut veneer is a continuous 

Figure 7.61 Soren Pedersen of PP Møbler explaining 
precompressed lumber to students. Photography by Jim Postell, 2006.
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sheet of thin wood cut from a log that is turned on a very large lathe. This produces a continu-
ous sheet with a variegated ripple fi gure. Plain-sliced, rift, and quartered veneers are cut along 
the length of the log. Plain-sliced veneer has a variegated wavy fi gure, typifi ed by arched 
markings called cathedrals. Quarter-sliced veneer has a straight, even fi gure.

Pine was used by English and American furniture makers as the carcass material and 
then covered with walnut or mahogany veneers. Once the thin layers of wood are cut 
(Figure 7.62), they can be applied to the surface of a substrate material such as MDF with 
glue, or laminated together to create a curvilinear form (Figure 7.63). In some cases, it is 
very important to veneer both sides of a panel with the same or similar species of wood 
veneer. This will help maintain its dimensional stability and minimize warping.

Grasses
A warp of stiff rods, usually made of willow, produces wicker. Other grasses include cane, 
rattan, reed, and straw. During the Roman Empire, wicker was a popular medium for furni-
ture, as is evident in a number of stone reliefs. By the seventeenth century, wicker chairs were 
common throughout Europe. Several modernist designers have used wicker in their furniture 
designs. Ludwig Mies van der Rohe’s bent metal chair MR and the British offi cer’s Pel chairs 
incorporated wicker in conjunction with tubular steel. Rattan is a climbing plant, and the 
harvested part of the plant is cane. Rattan has always been used for producing furniture.

Bamboo is a grass. It has high sustainability. It can grow up to three feet (91 cm) in one 
month and can be harvested after a year. Generally, bamboo is prepared by laminating thin 
pieces of bamboo with an adhesive. Commonly utilized as a fl ooring material because of its 
resilient quality, and as scaffolding for its strength, bamboo is an excellent material for fur-
niture because it is relatively stable, hard, strong, and light, making it ideal for tables and 
shelving units (Figure 7.64).

Figure 7.62 Flitches of wood veneers. Photography by Jim 

Postell, 2006.

Figure 7.63 Vacuum molding and veneer-laminated seat-
ing, designed and fabricated by Jose Alberto Casas Pena 
(2006). Photography by Jim Postell, 2006.
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Figure 7.64 Bamboo recliner—
on display at Artek’s showroom 
in Helsinki, Finland. 
Photography by Jim Postell, 

2006.

Figure 7.65 PK 24 chaise 
lounge, designed by Poul 
Kjærholm (1965), manufactured 
using steel, braided cane, and 
black ox-hide by Fritz Hansen. 
The lounge’s seat/back angle can 
be adjusted to an individual’s 
preference. 26½ inches wide; 61 
inches deep; 34 inches high; 5½ 
inches seat height (67 cm wide; 
155 cm deep; 86.5 cm high; 14 
cm seat height). Photography 

by Jim Postell, 2006.
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Other grasses used in furniture and upholstery include:

 � Jute
 � Hemp
 � Reed
 � Straw
 � Cane

Braided cane seats have been used in many furniture designs, including Hans J. Wegner’s 
Cow Horn chair (1961) and Poul Kjærholm’s PK 24 chaise lounge (1965) (Figure 7.65). 
Today, wheat and rye grasses have been formed into composite sheet goods and have 
opened up a world of new design possibilities.

ENDNOTES

 1. Materials Research Society (MRS), Materials Science and Engineering Web site: The Intute 
Consortium, 2006. The Materials Science & Engineering Career Resource Center, which is a ser-
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 2. Conversation about heat transfer with University of Cincinnati Professor Tom Bible, School of 
Architecture and Interior Design, May 2006.

 3. Jerryll Habegger and Joseph H. Osman, Sourcebook of Modern Furniture, 2nd edition (New York: 
W.W. Norton, 1997), p. 279.

 4. Ernest Joyce, The Encyclopedia of Furniture Making (New York: Sterling, 1987), p. 74.
 5. Ibid. p. 1.
 6. Concepts in precompressed wood—Erik Krogh, Professor DKDS. Course handout material, 

prepared by Professor Erik Krogh, Danmarks Designskole.
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8
c h a p t e r

Processes and Methods 
of Fabrication

We should make things as simple as possible but not simpler.1

Albert Einstein

IN THIS BOOK, workmanship refers to the quality apparent in the fabrication of furniture. 
Distinctions have been drawn between the workmanship of risk (handcraft) and the work-
manship of certainty (machine and digital fabrication), but in every case, making furniture 
involves skills and a working knowledge of materials, tools, and the processes and methods 
of fabrication (Figure 8.1).

Figure 8.1 Bottega di 
Pierluigi Ghianda (1990)—
custom woodworking 
shop, Bovisio Masciago, 
Italy. Photography by Jim 

Postell, 1990.
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Furniture made with a high level of workmanship usually takes more time to make than 
one might anticipate, so it pays to plan and be organized. Before beginning the process of 
making furniture, it is wise to outline a list of the materials, tools, hardware, and supplies 
needed and to prepare a schedule to help guide the fabrication process. In addition, one 
should consider the time and skills necessary to make the furniture. Not only should one 
consider the quantity of materials necessary to make the furniture, but also the quality, 
availability, and cost of the materials specifi ed.

For example, lumber is generally purchased at lumberyards or bought from timber 
merchants. Depending on its grade, lumber can have excellent fi gure or have natural 
surface qualities that may be undesirable, such as sapwood, knots, wormholes, or fruit 
marks. It is becoming diffi cult to fi nd woods such as cherry in widths greater than 
6 inches (15.2 cm) due to the demand for these species. Plywood is graded by its surface 
and core and can vary widely in quality from one side to the other side of a single sheet. 
The quality of its surface veneers and its core are graded using letter and numerical 
ratings.

Stone, especially granite and marble, can vary signifi cantly in pattern and color within a 
single slab. The quality of plastics, metals, and glass, however, is generally consistent 
because of the uniformity of these materials and the production processes involved in their 
manufacture. The point is to keep in mind that some materials need to be hand selected by 
the designer, while others can be ordered over the phone or through the Internet due to 
their inherent uniform and consistent nature.

Orders for hard-to-fi nd materials such as specialty fabrics, veneers, and woods can take 
several weeks. Sources for newer green materials such as wheat board, Medite II, and the 
newest copper and aluminum foams can take time to locate and secure. Today, searches 
are made easier with the assistance of the Internet. (Several web sites are listed in the 
bibliography.)

Most hand tools for working materials are available at local retail stores, as are common 
shop supplies such as glues, screws, dowels, bits, sandpaper, and fi nishing materials. But 
special hardware, larger tools, and additional equipment may be needed and may require 
extensive lead times to secure. In addition to searching for and securing the necessary mate-
rials and tools, make schedules for fabricating the work and maintain them.

PREPARING SHOP DRAWINGS AND A MATERIALS 
TAKEOFF LIST

Shop drawings are essential documents that delineate the parameters and expectations for 
the fi nal product (Figure 8.2). They can be drafted by hand or executed on the computer 
and serve as a transitional phase between design and fabrication. Usually plotted or drafted 
at full scale, shop drawings delineate exactly how something will be made and the precise 
dimensions, material, and fi nish of the components.

A material takeoff list determines the quantity of material needed to fabricate the 
design. To do this accurately, it is helpful to sketch the required cut dimensions on scaled 
drawings of the available stock material. As a rule, depending on the species of wood, 
purchase 30 percent more wood than is considered necessary to complete the work. For 
materials with consistent properties such as glass, plastic, and metal, the overage can be as 
low as 10 percent.
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SECURING MATERIALS, EQUIPMENT, 
SUPPLIES, AND HARDWARE

Consider the quality, grade, and availability of all materials needed to fabricate furniture as 
well as the width, length, thickness, and fi nished surface qualities of the materials as they are 
distributed. This process determines the necessary cuts and the yields of the materials needed. 
For example, 3

4 inch (1.9 cm)-thick medium-density fi berboard (MDF) is slightly thicker than 
3

4 inch (1.9 cm)-thick plywood. Though plywood is available in 48-inch � 96-inch (122 cm � 
244 cm) sheets, MDF is purchased in 49-inch � 97-inch (124.5 cm � 246.5-cm) sheets. Baltic 
birch plywood is generally available in 60-inch � 60-inch (150 cm � 150 cm) sheets. If there are 
any doubts regarding the true dimensions and characteristics of the materials you desire to use, 
be certain to ask the supplier, distributor, or fabricator.

Lumber purchased S4S (surfaced four sides) is dimensioned lumber and is sold in linear 
feet using fi xed, nominal dimensions. Rough lumber boards are planed and jointed 
(surfaced) on two edges. They are also available in prejointed boards for a noticeable sav-
ings in cost. Thus, a 1 � 2 is 3

4 inch � 1 1
2 inches (1.9 cm � 3.8 cm) and a 2 � 4 is 1 1

2 
inches � 3 1

2 inches (3.8 cm � 8.9 cm). Their fi xed dimensions can also infl uence design.
Rough lumber, which ultimately gives the fabricator the most fl exibility, is sold by the 

board foot, and is available in thicknesses measured in quarters of an inch and referred to 
as 4

4 , 5
4 , 6

4 , 8
4 , 10

4 , and 12
4  boards. One board foot is equal to the volume of lumber 

equivalent to 12 inches � 12 inches � 1 inch (30.5 cm � 30.5 cm � 2.54 cm) thick (144 
cubic inches). Structural steel is purchased by the linear foot, thickness, and weight. 
Common stock profi les include fl at bar stock, round tubing, bar tubing, square tubing, and 
angle. Plastic and glass sheet goods are purchased by the square foot, and pricing is based 
on type, thickness, and edge treatment. Granite and marble are sold in 3

4-inch (2 cm) and 
11

4-inch (3 cm) thicknesses. A polished fi nish is standard on one side of stone slabs when 

Figure 8.2 Shop drawing of the Dining chair, designed by Hans J. Wegner (1965), fabricated by Johannes Hansen using 
steel, maple, wenge, and leather. Photography courtesy of Erik Skoven.
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distributed, but honed, thermal, hammered, and fl amed fi nishes 
are also available. Leather is sold in full- and half-hide sizes and 
in full-thickness, split, and suede fi nishes. Sheet metal is sold in 
sheets and in various gauges and alloys. Sheet metals generally 
require professional fabrication and tooling. Keep in mind that most 
retailers that sell lumber, metal, stone, and plastic will charge to 
make cuts.

It is unrealistic to be dogmatic about what tools are needed to 
build furniture. The choice depends on a number of factors, includ-
ing the experience and personal preference of the fabricator, the 
materials being used, available shop space, and fi nancial resources 
available (Figure 8.3).

Many types of hand, power, and digital tools are used to make 
furniture. While good tools are often expensive, it is advisable to 
purchase and use quality tools because they are essential for pro-
ducing quality results safely. As a rule, buy hand tools of superior 
quality and consider them all an investment.

A list of hand tools for making furniture might include:

�  Adjustable block plane and jack plane
�  Awl, calipers, and a marking gauge

 � Metal cabinet scraper and a burnishing rod
 � Bevel-edge chisels: 1

8  inch (3 mm), 1
4  inch (6 mm), 3

8  inch (9 mm), 1
2 inch (12 

mm), 3
4  inch (18 mm), and 1 inch (24 mm)

 � Mortising chisels: 1
4  inch (6 mm), 3

8  inch (10 mm)
 � Firm-edge chisels
 � Wooden mallet
 � Japanese saws (these “backsaws” cut on the pull) (Figure 8.4)
 � Coping saw
 � A set of countersink and high-speed steel drill bits

Figure 8.3 Hand tools—craftsman’s wall cabinet for hand tools 
at Rud. Rasmussen woodshop, Copenhagen. Photography by 

Jim Postell, 2006.

Figure 8.4 Hand chisels and Japanese saws. Photography by Jim Postell, 2006.
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 � A true square
 � A speed square
 � A combination square
 � Sliding bevel
 � Steel straight edge (30 inches [76.2 cm] with units visible) and a fl exible steel ruler
 � Marking knife
 � Bench vise (wood)
 � C-clamps (6-inch [15.2 cm] and 10-inch [25.4 cm] length)
 � Sash or bar clamps (30-inch [76.2-cm] length)
 � Framing corner clamps (minimum of four)
 � Stones for sharpening cabinet scraper and chisels
 � Level (24 inches [61 cm])
 � An assortment of hand screwdrivers (fl at-head, Phillips, and square-head), pliers, 
sockets, and wrenches

 � An assortment of fasteners
 � A tape measure

A list of power tools for making furniture might include:

 � Belt sanders (24 inches [61 cm] long 3.3 inches [7.6 cm] wide)
 � Disk sander (13 inches [33 cm])
 � Oscillating spindle sander (Figure 8.5)
 � Orbital sander
 � Routers (and a small hand-held trim router)
 � Table router
 � Table saw
 � Shaper
 � Drill press
 � Powered hand drills
 � Air compressor

Figure 8.5 Power spindle sander. Photography by Jim Postell, 2006.
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 � Cut-off saw
 � Panel saw
 � Jointer (6-inch [15.2-cm] minimum)
 � Planer (13-inch [33-cm]-width minimum)
 � Wood lathe (36 inches [91 cm] long)
 � Metal lathe (36 inches [91 cm] long)
 � 3-axis mill machine

Shop supplies might include carpenter’s yellow glue, contact adhesive, polyacrylic, tung 
oil, Danish oil, or lacquer spray fi nishes, as well as sandpaper, screws, brads, fi nish nails, 
pencils, soap, beeswax, clean rags, and dust masks.

 � Yellow carpenter’s glue generally works better than white polyvinyl acetate (PVA) 
wood glue, but care must be taken in its application. To avoid making a mess in the 
application, having an abundance of damp rags on hand is suggested. Proper 
clamping pressure is also very important.

 � Pencils need to be hard enough to give precise fi ne lines but soft enough to be seen 
and not leave an impression on the wood. 2B pencils and 7-mm drafting pencils 
with 2H lead work well.

 � Marking knifes are more accurate than pencils and provide a precise cut in the 
wood to guide work with chisels.

 � Dust masks, ear protection, and protective eyewear are important safety measures. 
Working with wood and other materials generates fi ne dust and chemical fumes. 
The noise from power tools and compressor generators is damaging to the ears. 
Eyes are susceptible to fi ne particulates fl oating in the air, as well as to fl ying pieces 
of wood or metal from cut-off saws, sanding belts, and many other sources.

In addition to the necessary supplies, power tools, and hand tools needed to make fur-
niture, a good horizontal work surface is essential in any furniture shop. Purchase or build 
one with a fl at, sturdy top and a well-engineered base. Working at waist level is the con-
ventional standard to use in determining the height of a workbench. Generally, 34 to 36 
inches (86.3 to 91.4 cm) is a good workbench height.

Purchase additional high-quality tools as needed. It takes time to secure a set of tools 
and develop a sense of comfort, safety, and productivity with them (Figure 8.6).

BENDING

Bending wood is traditionally achieved through a process of steaming wood in a contained 
chamber. After the cells have been saturated with moisture, enabling the wood to fl ex, the 
wood is then bent to shape or pressed into shape using a two-piece form. Samuel Gragg 
(1772–1855) made a series of furnishing using this process. He received his “elastic chair” 
patent on August 31, 1808, and used steam to bend structural parts of his furniture, as 
evident in the bent slats and seat of the chair shown in Figure 8.7. The profi le of the chair 
is similar to the profi le of the Greek Klismos chair.

Bending plies of wood is an effective way to make curved forms with less waste. 
Beech or birch veneers are commonly used for this process. Thin veneers of these woods 
are layered with glue and pressed together around a metal form or compressed using a 
mold with heat and/or ultrasonic vibration (Figure 8.8). When taken out of the mold, the 
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shaped form is sent to a trimmer. The result is high manufacturability, cost-effective 
fabrication (the initial tooling cost is relatively high, however), light weight, and a sturdy 
design, as shown in the laminated and molded plywood chairs by Charles and Ray 
Eames (Figure 8.9).

Figure 8.6 Table saw with guard and splitter (riving 
knife). Photography by Jim Postell, 2006.

Figure 8.7 Side chair, designed by Samuel Gragg (1808), 
made with oak, ash, maple, and painted decoration. 
Photography by Jim Postell, 2011.

Figure 8.8 DIS student gluing wood veneers around a metal form prior to vacuum 
molding. Photography courtesy of Erik Skoven.
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CARVING

Carving is an ancient art and a contemporary science, depending on whether it was done 
by hand or by machine. When it is done by hand, it is a craft in the true sense of the word. 
Woodworkers use chisels and gouges to carve and work wood (Figure 8.10).

Many designers and industries use computer numeric controlled (CNC) devices to carve  
various materials for making furniture. Stone, polymers, and wood products can be milled 

Figure 8.9 Collage of drawings at different scales, with side views of Eames’s laminated plywood chairs. 
Photography by Charles Eames. Courtesy of Herman Miller, Inc.

Figure 8.10 Hand-carved detail in walnut. Courtesy of Cincinnati Art Museum, Gift of Melrose Pitman. 

Accession No. 1970.81.
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by CNC devices using digital programs and computer hardware. The most intricate patterns 
are possible, and the cost of the work is a fraction of the cost of doing the work by hand 
(Figure 8.11).

CUTTING, DRILLING, MILLING, AND PLANING

There are rules of thumb worth considering when 
working with hand and power tools in a shop envi-
ronment. The fi rst and foremost priority is to learn 
how to use power saws properly and safely. Learn 
how to hold, cut, and shape wood, metal, or plastic 
in a safe and proper manner. Listen to the sound of 
the machine’s motor. It will let you know when it is 
out of adjustment or being pushed beyond its limit. 
The motor driving a table saw can range from a small 
2-horsepower motor to a large 10-horsepower 
motor, which directly affects the saw’s cutting power. 
Observe the condition and sharpness of the saw 
blades and sanding belts frequently. Verify the jointer, 
planer, and table saws for accurate alignment. 
Regularly check the condition of the blades and the 
sanding belts. Confi rm that the measurements on 
guide rails and the fences are accurate and square to 
the cutting blade (Figure 8.12). Working in a shop is a 
dynamic experience in which attention is required at all 
times, especially when you work alone.

Apply steady, consistent pressure when cutting wood. 
Let the blade do most of the work; do not force the wood 
through the blade. Working with metals also requires 
fi rm, constantly applied pressure while cutting, drilling, 
sawing, or sanding. Consider the high temperatures gen-
erated in the metal and the blade when cutting or sand-
ing, and remember to wear gloves and a sturdy face 
shield. Cutting wood requires the use of proper blades 
that depend on the type of cut desired. A rip cut (cutting 
along the length of a board) can be made using a 10-inch 
(25.4 cm) 24- (61 cm) to 48- (122 cm) tooth carbide-tip 
blade. These blades have ample space between their cutting 
teeth, which prevent the blade and wood from overheating. 
Cross-cutting wood perpendicular to the grain requires a 
fi ner-toothed cross-cut blade to minimize grain tear-out 
(Figure 8.13). A cross-cut blade will not last long if it is 
used to rip lumber, and a rip-cut blade will produce poor 
results if used to cross-cut lumber. Combination blades 
are general, multipurpose blades used for ripping and 
cross-cutting wood. Dado blades are used for cutting 
channels of various widths and depths into lumber.

Figure 8.11 Milled relief design cut into a marble mensa, made using a digital, 
three-axis CNC. Photography by Jim Postell, 2002.

Figure 8.12 Using a table saw. Photography by Jim Postell, 2006.
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Many different hand and power tools are used to cut 
and shape wood. These include table saws, miter saws, 
panel saws, reciprocal saws (jigsaws), and scroll saws. The 
table saw is the most useful machine tool. It utilizes a variety 
of blades, a fl at table, an adjustable fence, and a protective 
guard. Table saws are used to rip lumber and cut dados and 
quirk joints. When one is using adjustable fence slides set 
in grooves, they can be used for cross-cutting. The safety of 
table saws has recently been improved with electronic sen-
sors that can prevent serious injuries. Miter saws are adjust-
able in both angle and depth for precision cutting of angles 
and square ends. Reciprocal saws, also known as jigsaws, 
are used to cut freehand straight or curved profi les and can 
be used with a template or guide for precision cuts.

ASSEMBLING AND GLUING

In the production of furniture, signifi cant shop space is required for assembling and gluing 
pieces together. Clean, fl at, work surfaces are needed to glue and clamp material together. 

Assembling furniture is a complex process that needs to be 
planned carefully. In addition to needing a lot of space, this 
phase requires a signifi cant amount of time, primarily the set 
time required for the carpenter’s glue to set and fully dry. 
Most PVA glues allow 30 minutes as an open time to work 
with and require approximately 1 to 1½ hours to set before 
one can remove the clamps (Figure 8.14). (Timers can make 
the process of assembly more effi cient.)

Many types of adhesives are used in making furniture. 
PVA is the woodworker’s glue of choice and comes as 
white glue, yellow glue, or exterior-grade waterproof yel-
low glue. As a rule, let the glue do its job. Put no more glue 
than is needed on each surface to create a uniform bond. 
When gluing wood together, both sides should receive a 
continuous application and should sit for a few minutes 
before one proceeds with assembling and clamping. This 
allows the glue to soak into the wood and will increase the 
strength of the joint. Remember not to overtighten a glued 
assembly because it will squeeze out the adhesive and 
reduce the strength of the bond. Further, remember to 
vent all blind holes that will be glued; otherwise, problems 
will result during fi nishing when you try to wipe glue off 
unfi nished wood.

Applying glue to the end grain of wood will always pro-
duce an ineffective joint and should be avoided. The 
strength of any glue joint is proportional to the perimeter 
length of the joint, since the perimeter is the most highly 
stressed area.

Figure 8.13 Miter saw (also known as a chop saw) is used for making 
cross-grain cuts. Photography by Jim Postell, 2006.

Figure 8.14 Shop clamps are essential for gluing assembly 
work. Photography by Jim Postell, 1994.
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Epoxy resins are useful for joining different materials together and are ideal for exterior 
work because they are waterproof.

Contact adhesives are available in solvent and water based. These adhesives are applied 
to both surfaces, left until tacky, and then bonded together under the continuous pressure 
of a hand or machine roller. When laminating a substrate, it is important to laminate the 
back side so that the fi nished panel does not warp or twist.

Cyanoacrylates are instant glues that typically cure in 5 to 10 seconds.
Silicone is an adhesive caulk that can be used to bond materials that expand or contract 

very differently from one another, such as wood and glass or wood and metal, because sili-
cone remains fl exible when fully cured. Silicone is little affected by temperature or moisture 
and works well for interior and exterior uses. It requires 24 to 48 hours to fully cure.

JOINERY, MECHANICAL CONNECTIONS, AND FASTENERS

The way materials, hardware, and components come together is key to creating great furni-
ture. The expressed joint is the beginning of ornament (Figure 8.15). At a utilitarian level, the 
joint must be strong enough to resist the forces placed on it. This is especially important 
because the joint is often the weakest point of a fabrication. Yet, the joint can be more than 
a means of joining material together. There is an opportunity to communicate meaning 
through joinery. It is also important to consider the aesthetics of the expressed joint resulting 
from structural necessity and resulting in patterns of visual delight.

Consider the techniques of detailing or joining together two or more elements. Broad 
categories of joining materials include:

� Adhesives
 � Mechanical connections:

Sewing
Nails, rivets, and staples
Threaded fasteners
Snap fi ts
Applied hardware

 � Combining adhesive and mechanical connections:
Dado
Dovetail
Finger joint
Miter joint
Mortise and tenon
Rabbet

 � Welding:
Spot and arc welding
Brazing
Metal inert gas (MIG) welding
Tungsten inert gas (TIG) welding
Diffusion and glaze bonding

Adhesive joints are virtually seamless unless the edge 
profi le of the connection is made visible. Laminating Figure 8.15 Finger joint. Photography by Jim Postell, 2006.
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high-density plastic laminate upon a ¾-inch (2-cm) MDF substrate and a simple butt joint 
of two similar woods are examples of adhesive joints. Wooden tabletops built up from strips 
of lumber do not need to be pinned or mechanically held in place with biscuits. Today’s 
wood glues are suffi ciently strong to do the job alone; they are able to hold the top of a 
table together for the life of the table.

Mechanical connections rely on a variety of joining materials and methods. Sewing is 
the earliest method for joining material. Consider the ancient leg connections made by 
wrapping wet leather around joints and allowing it to dry. Consider the hammock, caned 
seating, and the art of sewing leather and fabrics along seams. Consider the hemp strap-
ping used in Alvar Aalto’s chairs, the woven cane seat pans of the Thonet chairs, or the 
twisted paper seat pans in Gio Ponti’s café chair Superleggera (1951). Sewing and weaving 
can be signifi cant means of joining and are remarkable in strength, comfort, and aesthetic 
qualities (Figures 8.16 and 8.17).

Mechanical fasteners include a variety of wood and metal connectors. The wooden 
dowel or dowel pin is one way to hold a joint (Figures 8.18 and 8.19). The language of the 

Figure 8.16 Seat pan detail (stained oak and cane weave) from the Folding 
chair, designed by Hans J. Wegner (1949), fabricated by PP MØbler, Denmark. 
Photography by Jim Postell, 2006.

Figure 8.17 Wall-mounted Folding chair in oak and cane, designed by Hans 
J. Wegner (originally designed in 1937—fi rst produced in 1949), fabricated 
by Johannes Hansen, PP MØbler, Denmark. Photography by Jim Postell, 

2011.
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handcrafted wooden pin and through mortise-and-tenon connections drove the aesthetics 
and language of the Arts and Crafts movement. Finger joints and miter joints are some-
times held in place by a pin connection. Pin connections can also take the form of compres-
sive joints, whereby materials are joined and held together through compressive means. 
Threaded fasteners are commonly used to hold wood together. Threaded metal insets in 
wood allow metal-to-metal connections to hold wood pieces together and are better than 
metal-to-wood connections.

Knock-down furnishings rely on a host of mechanical hardware devices to hold together 
and easily disassemble individual components. The cam lock, tight joint, and dog bone are 
devices used to draw wood surfaces together to form one continuous surface. The tight 
joint and dog bone rely on two recessed cylindrical holes in the wood connected by a 
recessed channel. The hardware device is then placed in the recessed holes and drawn tight 
using a threaded bolt and nut, bringing the edge surfaces of the wood pieces together.

Wood Joinery
The way two pieces of wood are joined is very important in furniture design. The expressed 
joint needs to be strong enough to resist the forces placed on it. This is important because 
the joint often needs to be the strongest point of the assembly. The following examples of 
wood joinery illustrate how the joint can be more than a means of joining two pieces 
of wood together—giving opportunity for the designer to consider the aesthetics of the 
expressed connection (Figures 8.20 through 8.43).

Figure 8.18 Section cut showing wood dowel connections in a 
chair. Photography by Jim Postell, 2006.

Figure 8.19 Corner detail—wood dowel connections. Photography 

by Jim Postell, 1994.
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Biscuit connection: A concealed, oblong-shaped, spline joint, typically made of 
beech wood (Figure 8.20).

Butt joint: A joint formed by square-edge surfaces (ends, edges, or faces) joined 
together (Figure 8.21).

Butterfl y: A joint used to keep two halves of a board that has already begun to 
split from splitting further (Figure 8.22). A small piece of wood, in the shape of 
a butterfl y or bow tie, is fi rst cut, and the negative of this shape is cut out of the 
board. The piece of wood is then placed into the cut hole, keeping the wood and 
joint together.

Cross-lap: This joint offers exceptional locking strength, more than a full-lap or half-
lap joint (Figure 8.23).

Dado: A dado cut is a recessed cut made in wood or another material to provide a 
continuous channel in which another member fi ts. 

A stop-dado cut is a recessed and continuous channel that does not extend 
through the end face of wood or another material to provide a channel in which 
another member fi ts (Figure 8.24).

A through-dado cut is a recessed and continuous channel that extends through 
the end face of wood or another material to provide a continuous channel in which 
another member fi ts (Figure 8.25).

Figure 8.20 Spline joint. Image by Michael Benkert.

Figure 8.21 Butt joint. Image by Michael Benkert. Figure 8.22 Butterfl y joint. Image by Michael Benkert.
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Figure 8.23 Cross-lap joint. Image by Michael Benkert. Figure 8.24 Stop-dado. Image by Michael Benkert.

Dovetail: There are three basic types of wood dovetail joints (Figures 8.26 
through 8.28).

The through-dovetail consists of both tails and pins and is the negative coun-
terpart on the joining board. The angle of the tail cuts should be 11 to 12 degrees.

The half-blind dovetail exposes only one side of the dovetail joint. Tails should 
be twice the size of the pins. The dovetail joint is used widely in drawer construction.

Figure 8.25 Through-dado. Image by Michael Benkert.

Figure 8.26 Through-dovetail connection. Image by Michael Benkert.
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The blind miter dovetail is completely concealed within the joint. The interlock-
ing action of the connection makes the dovetail an especially strong joint, particularly 
in tension.

Finger: A joint made by cutting a set of complementary rectangular cuts in two pieces 
of wood, which are then glued together. Finger joints are similar to interlocking 
fi ngers of hands at a 90-degree angle. They are stronger than butt or lap joints 
(Figure 8.29 and 8.30).

Keyed: Keyed joints are indexed wood connections, in which one piece of wood fi ts within 
a prepared slot in the other in order to hold the assembly together (Figure 8.31). Keyed 
joints are exceptionally strong due to the extended perimeter of the glued surface.

Lap: There are many specifi c types of lap joints: 
A ship-lap joint receives a notch along the entire edge being joined, which 
increases the stability and surface area for the adhesive (Figure 8.41). Tongue-
and-groove joints are commonly used in casework and case goods. One 
member receives a groove along its entire edge and the other member a 
matching and interlocking tongue. 
Cross-lap joints allow two pieces of material to cross in the same plane. The 
same amount of wood is removed from each joining member. 

Figure 8.27 Blind dovetail joint. Image by Michael Benkert. Figure 8.28 Dovetail-miter joint. Image by Michael Benkert.

Figure 8.29 Finger joint. Image by Michael Benkert. Figure 8.30 Cherry and maple fi nger joint. Photograph by Jim Postell, 2006.
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End-lap joints can be used to extend the 
length of wood or to change direction. The 
middle-lap joint occurs at the end of one 
member and between the ends of the other. 
The two pieces should fi t snugly but should 
not be forced. 
In the miter half-lap, the lap is cut at an angle 
so that the wood members can turn a corner 
with an angular expression. This joint is often 
used in making frames (Figure 8.32).

Miter: A miter joint is a type of butt joint where the 
two members are each cut with equal angles less 
than 90 degrees and joined (Figures 8.33 through 
8.35). A quirk miter emphasizes the corner of the 
joint with a reveal cut into each member along 
the joint. A spline is a thin strip of wood inserted into a dado along the miter. In 
spline construction, the wood members must be thick enough so as not to be 
weakened by the groove.

Figure 8.31 Key joint. Image by Michael Benkert.

Figure 8.32 Miter half-lap joint. Image by Michael Benkert. Figure 8.33 Miter joint. Image by Michael Benkert.

Figure 8.34 Quirk miter joint. Image by Michael Benkert. Figure 8.35 Spline miter joint. Image by Michael Benkert.
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Mortise-and-tenon: In a full mortise-and-tenon joint, the tenon is expressed on the outside 
face of the mortise member. This type of joinery is one of the oldest and strongest in 
woodworking. A blind mortise-and-tenon joint conceals the tenon within the mortise 
member (Figure 8.36). The tenon and remaining wood on either side of the mortise 
should be of equal strength. A haunch can be added to the tenon to aid in resisting 
lateral or racking forces. The through mortise-and tenon joint places the joint at the 
ends of the wood members so that the end grain can be seen (Figure 8.37). A tapered 
wedge can be used to secure the tenon through the mortise. This type of construction, 
although it is very sturdy, can be taken apart and reassembled easily.

Pinned, doweled: A joint held together using wooden or metal dowels. The dowels 
are used to securely position and strengthen the joint (Figure 8.38).

Rabbet: A rabbet joint is fabricated where one or both of the members are recessed 
on an edge in order to turn a corner (Figure 8.39). In a rabbet joint, one member 

Figure 8.36 Blind mortise-and-tenon. Image by Michael Benkert. Figure 8.37 Through mortise-and-tenon. Image by Michael Benkert.

Figure 8.39 Rabbet joint. Image by Michael Benkert.

Figure 8.38 Pinned connection. Image by Michael 

Benkert.
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Mechanical Connections
Hardware includes square, star, fl at-head, and 
Phillips tip drivers and stainless steel, brass, or wall-
board screws (Figure 8.44). Hardware also includes 
bolts, nuts, washers, pulls, full extension glides, 
casters, special cabinet hinges, or plated continu-
ous hinges. Modez clips are useful in mounting 
panels and heavy objects to a vertical surface. 
Similar to the French cleat, which relies on gravity 
and two angled elements to secure the attach-
ment, the modez clip is a two-part metal device 
that enables one element to fi t into the other; then 
the two elements lock together via a keyhole with 
a simple sliding action.

Figure 8.44 Mechanical connection—Phillips head screws. Photography by 

Jim Postell, 2006.

receives a recessed notch along its edge and the other member fi ts into 
the recessed notch.

Scarf: A method of joining two members end to end in woodworking or 
metalworking. The scarf joint is used when the material being joined is 
not available in the length required. It is an alternative to other joints 
such as the butt joint and the splice joint and is often favored over these 
in joinery because it yields a barely visible glue line. Scarf joints are not 
preferred when strength is required. They often are used in decorative 
situations, such as the application of trim, molding or fi tting of skirting, 
picture rails, dado rails or chair rails, handrails, and so on (Figure 8.40).

Spline butt: A spline joint relies on an inset piece of wood to hold precisely 
two pieces of wood together (Figure 8.42). Splines help to strengthen 
the wood joint and help to precisely guide their alignment.

V-groove: A thin beveled line recessed into the face of lumber or small beveled 
edges where two pieces of wood are joined (Figure 8.43).

Figure 8.43 V-groove, made by butting two cham-
fered edges together. Image by Michael Benkert.

Figure 8.40 Scarf joint. Image by 

Michael Benkert.

Figure 8.42 Spline butt joint. Image by 

Michael Benkert.

Figure 8.41 Ship-lap joint. Image by Michael 

Benkert.
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Screws
 � Wood screws are made of brass, steel, or bronze. Steel wood screws are referred 
to as bright, and may be blued, lacquered, galvanized, chrome plated, or 
anodized.

 � Drywall screws are specialized screws that have a bugle head designed to attach 
wallboard to wood studs; however, they are a versatile construction fastener for 
furniture work as well as for most mechanical attachments. The length of the 
screw’s shank is the main determinant of holding strength in a wood connection, 
not the thickness of the shank.

 � Machine screws are available up to ¾ inch in diameter. These fasteners are often 
used with nuts to secure connections. They can be considered a hybrid between a 
screw and a bolt.

 � Square drive screws and drivers are preferred by many craftspeople because they 
drive well, the heads won’t strip out, and the screws have small, relatively attrac-
tive heads; the last is important, when considering them as an “expressed joint” 
detail.

Hardware, glides, latches, and casters need to perform well. The best possible quality 
ought to drive the selection.

Washers

 � Fender washers are similar to plain washers but have a large outside diameter and 
are used to distribute forces that are applied when tightening.

 � Finishing washers are contoured. They are especially engineered for oval-head 
screws and have a “fi nished” look. The help prevent the head of the screw from 
pulling through the material.

 � Lock washers (split lock washers) have a cut ring and are bent in a helical shape, 
causing the washer to exert a spring force between the fastener’s head and the 
material’s substrate.

 � Plain washers (fl at washers) are a fl at annulus or ring-shaped device, used to pro-
tect the joined component and to spread the load of a screwed connection.

 � Tooth-lock washers are integrally and/or externally serrated. Bent teeth bite into the 
bearing surface upon tightening, which prevents the nut from turning and 
the fastening from loosening.

Drawer Glides

 � Bottom edge–mounted: These glides are mounted on the drawer side bottoms and 
to the cabinet interior. They are relatively easy to install but do not offer the full 
extension of side-mounted glides.

 � Central-mounted: These glides are mounted beneath the drawer center and are 
intended for lightweight applications.

 � Side-mounted: These glides are the most versatile in terms of extension, durability, 
and weight capacity. Side-mounted glides are mechanically secured to the side of 
the drawer and the cabinet interior. They typically require a ½-inch depth for each 
side. Medium-duty (100 pounds) and heavy-duty (100–500) pound slides are 
available.
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UPHOLSTERY

Upholstered furniture has been around since ancient Egypt, with seat pans made from vari-
ous grasses. During the Renaissance, leather and velvet were applied to furniture. In 1620, 
the English Upholsterer’s Company was granted a charter. It is one of the oldest of the 
London guilds and liveries companies. Traditional notions of upholstered furniture include 
pieces made with fi lling materials and covered with a surface material, but upholstery also 
includes furniture that uses jute, hemp, exposed web, or seat pans made of reed or other 
caning materials.

Upholstering in the seventeenth century developed from several trades, including that of 
the cofferer, who was responsible for using leather as a covering for trunks and later for chair 
seats; the saddler, who made saddles; and the tapissier, who supplied canopies, wall tapestries, 
table carpets, and tent makers. Tent making was a job for upholsterers, and it is not surprising 
that the coat of arms for the upholsterer’s guild had three tents emblazoned on a shield.

In Europe during the eighteenth century, new concepts of upholstered furnishings and 
comfort emerged during the French Rococo period. As a result of the Industrial Revolution, 
fully integrated and upholstered furnishings became common throughout the world. 
Upholstered furniture reached its zenith in the late Victorian and early Edwardian eras.

The journeyman upholsterer is considered a furniture-making specialist. Upholsterers built 
on a frame of wood or metal furniture padded with stuffi ng. This required measuring, cutting, 
and fi xing soft material to the frame of furniture, and for the most part was a handcraft 
vocation. The industry grew so competitive that in the 1930s upholstery sweatshops were com-
mon. These shops often produced the cheapest and poorest-quality upholstered furniture.

Many chairs designed and fabricated between the 1930s and 1960s were handcrafted 
and used hemp webbing, halyard, cane, or braided paper to support the seat pan or human 
body while sitting. The craft of the woven seat pan in Hans J. Wegner’s classic The Chair 
(Figure 8.45) is remarkable, as is Jorgen Havelskov’s Harp chair (1968), made of ash and 
halyard.

Figure 8.45 The Chair—cane woven seat pan and backrest, designed by Hans J. Wegner 
(1949), fabricated by Johannes Hansen. Photography by Jim Postell, 2006.
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By the 1950s, advances in polymer technologies had generated new ideas about color, 
shape, and form in upholstered furnishings. This technology advanced an ongoing investi-
gation into ergonomics and sculpted form. Upholstered furniture often hid the structural 
elements of its frame. Formal ideas of biomorphic form began to drive design. Upholstered 
furniture examples include a wide range of furniture types, but the basic pieces were sofas, 
chairs, sectionals, ottomans, and sofa beds.

Conventional upholstered furnishings utilized woven springs and integrated bedding 
assembled by hand (Figures 8.46 and 8.47). Today, machine production and integrated 

Figure 8.47 Upholstery in the making—showing various types of materials: lumber, nails, 
staples, and wire. Photography by Jim Postell, 2006.

Figure 8.46 Upholstery in the making—Rud. Rasmussen, Copenhagen, Denmark. Photography 

by Jim Postell, 2006.
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foam-injected molds have revolutionized the pro-
duction of upholstered furniture and, for the 
most part, have improved its structural integrity. 
B & B Italia produces integrated upholstered 
chairs and sofas that utilize the latest fabrication 
technologies, in which the structural elements 
are completely integrated in both the design and 
fabrication of the expanded foam components. 
The Happy Hour sofa, designed by Andreas 
Storiko (1994), is a transformable upholstered 
sofa that adjusts for different postures 
(Figure 8.48).

Reclining chairs are a subcategory of uphol-
stered chairs, including upholstered rockers and 
swivel chairs. Recliners can have adjustable backs 
and built-in footrests that allow a person to 
recline in a number of different positions. The 
original recliner was the Morris chair, named 
after the designer William Morris. The Morris 
recliners of the mid-1800s were bulky and 
required a signifi cant amount of space to func-
tion properly. Advances in the reclining mecha-
nism have greatly reduced the size of these chairs.

SANDING

In the process of making, shaping, and fi nishing 
furniture, it is important to have a working knowl-
edge of abrasives, especially when working with 
complex and compound form (Figure 8.49). 
Abrasives are used to cut, etch, grind, sand, and 
texture material. Abrasives affect the fi nish quality 
of a material’s surface and its visual appeal. In 
working with wood, the function of abrasives and 
sanding papers is to cut away the wood fi bers by 
the rasping action of various tools and materials. 
Following is an outline of techniques to consider 
when using abrasives and sanding papers.

 � When sanding wood for a lacquer fi nish, 
always sand (or scrape) in the direction 
of the wood grain. Never sand across 
the grain.

 � In general, start with 80-grit, follow with 
120-grit, and sand for fi nish with 150-
grit, depending on how well the lumber 
was milled. Do not skip between the 
80-grit and 150-grit papers.

Figure 8.48 Happy Hour Sofa, designed by Andseas Storiko (1994), manufactured by B & B 

Italia. Drawn and rendered by Jared Hoke, University of Cincinnati.

Figure 8.49 Valet chair being made at PP MØbler, Copenhagen, 
Denmark. Photography by Jim Postell, 2006.
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 � Consider incorporating a V-groove or a quirk joint where two different woods 
meet. A V-groove is a shallow cut into the face of the grain with an angled or 
chamfered profi le resembling the letter V. This will minimize the possibility of the 
darker wood discoloring the lighter wood in the sanding and fi nishing process.

 � Apply even pressure when sanding by hand with a sanding block or with power 
tools. When necessary, use a rubber-backed hand-sanding block. Paper scratches 
caused by the sides of folded sandpaper are important to avoid.

 � In order to determine where you have already sanded, consider drawing random 
pencil marks over the area to be sanded. When the pencil marks have been 
removed in the sanding process, the area has been uniformly sanded.

 � Avoid using steel wool between coats of fi nishes; it can discolor the wood and 
agitate the surface. Rather, consider using 320-grit sandpaper or Scotch-Brite™ 
scuffi ng pads between coats.

 � In some applications, try scraping the wood in the direction of its grain rather than 
sanding it. Scrapers, when used properly, can more quickly prepare wood for its 
fi nal sanding for the fi nish. The effect is signifi cant. Cabinet scrapers and hook 
scrapers require careful, regular sharpening using an oilstone.

 � Do not oversand with the fi ner-grit papers. Oversanding polishes the surface of the 
wood, preventing the fi nish from penetrating into the wood or bonding mechani-
cally to it.

 � To dull or make satin a glossy lacquer, polyurethane, or polyacrylic fi nish, use a 
Scotch-Brite or similar pad over the fi nish when it is completely cured.

 � Sandpapers can be used to sand wood fi nishes, metals, glass, and stone. Open-coat 
garnet paper is available as a reddish-brown paper and is a good general-quality 
abrasive for sanding wood by hand. Open-coat aluminum oxide paper is harder than 
garnet paper and is widely used as the abrasive sheet for power sanders when sand-
ing wood. Closed-coat silicon-carbide paper is generally used for fi nishing metals. It 
can be lubricated with water or thinner and is called wet-or-dry paper.

FINISHING, PAINTING, SEALING, STAINING, AND SURFACING

Finishing a piece of furniture is the most important phase of the fabrication process and 
takes a signifi cant amount of time to complete. It requires judgment, craft, and human skill 
to determine how much color and/or fi nish to apply and to decide when the fi nishing pro-
cess is complete. Final fi nishes needs to be carefully considered at the outset of any project 
because they can signifi cantly affect cost and can infl uence the choice and quality of materi-
als selected to fabricate the furniture.

Wood Finishing

There are many ways to fi nish wooden furniture. All fi nishes will darken wood by one to 
two shades. Water-based fi nishes such as polyacrylic fi nishes will retain the truest natural 
colors of light-color woods such as maple or birch sapwood. They are easy to apply with a 
brush but should be applied in the direction of the grain. The disadvantage to water-based 
fi nishes is that the water raises the grain, causing the wooden surface to become slightly 
rough, requiring sanding with 22-grit sandpaper. Waterborne fi nishes, when dry, are water 
resistant and referred to as water white clear.
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Polyurethane fi nishes will darken the natural color of wood and cause it to turn amber. 
The fi rst coat should be thinned for deeper penetration into the wood. Polyurethane fi nishes 
offer excellent protection against moisture. There will always be a cold joint between appli-
cations because polyurethane does not dissolve previously applied coats. Polyurethane is 
relatively easy to apply, and drying time is moderate.

Tung oil and Danish oil are considered “drying oils.” They can produce beautiful hand-
fi nished furniture, but they are labor intensive and require periodic maintenance.

Waterlox is a proprietary blend of resin, mineral spirits, and other ingredients “cooked” 
with tung oil to produce a durable and beautiful fi nish. It fi nishes well with a cloth applica-
tion (diapers work best) and is easy to apply; drying time is moderate.

Shellac fi nishes are ideal for teak because shellac will bond well to the wood despite 
teak’s high oil content.

Steel wool and a good grade of furniture wax with carnauba will also produce a beauti-
ful furniture fi nish, but it requires signifi cant maintenance.

Precatalyzed and catalyzed lacquer fi nishes are the industry standard for wood furniture. 
Precatalyzed fi nishes produce a harder, more durable fi nish than regular nitrocellulose lac-
quers. Both are applied using a spray gun, and both can be touched up with a brush or 
spray (Figure 8.50). Applications of these fi nishes will dissolve the previous coats to produce 
a uniform fi nish. The thickness of these fi nishes is though limited to 0.005-inch or the cured 
surface may crack. Vertical surfaces generally receive two spray applications and horizontal 
surfaces no more than four applications. After 28 days, precatalyzed lacquers are nearly as 
resistant to moisture and chemicals as a polyurethane fi nish. These fi nishes will slightly 
amber the color of natural wood.

Plastic can be painted, sawn, drilled, sanded, or frosted. Plastic can also be buffed to 
remove tiny scratches.

Metals can be polished, brushed, and plated. Metals oxidize, but metal lacquer sprays 
can slow the oxidation process. Using a mild abrasive and special applicators, oxidized 

Figure 8.50 Spray fi nish using nitrocellulose lacquer. Photography by Jim Postell, 1994.
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metals can be polished to rejuvenate their original fi nish. Specifi c cleaners are available for 
most decorative metals.

As previously mentioned, stone slabs are delivered to a retailer polished on one side. 
Honed, fi nished stone is achieved with 200- or 400-grit stones, which will produce an even, 
fi nely textured, nonrefl ective surface. Flame, thermal, and hammer fi nishes are technically 
distinct, but they look similar on a rough, coarse surface. Stone fi nished in a fl ame, thermal, 
or hammer fi nish nearly always appears signifi cantly lighter than it would in a polished state.

Glass is made either plate or tempered. The differences affect its strength and physical 
properties but not its appearance. Distressed glass has noticeable folds and a smooth but 
faceted surface. Glass can be chemically etched or blasted with sand. It can be sanded, 
drilled, beveled, seamed, and polished.

DELIVERY AND INSTALLATION

Delivery and installation is an important phase of the work. It requires care in securing and 
transporting the work and systematic installation at the site. The expense and time required 
for this phase can be substantial, so the delivery and installation needs to be carefully 
planned and incorporated in the cost of fabricating the furniture (Figure 8.51).

Figure 8.51 Installing 
furniture. Photography 

by Jim Postell, 1999.
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REPAIRING, RESTORING, AND RESURFACING

A clean dent can be repaired in wood furniture. Lightly sand in the direction of the grain to 
remove the fi nish in and around the dent. Apply a few drops of water to the dent. If necessary, 
place a moist cloth over the dent and apply a hot iron. In most cases, the moisture will draw 
the grain back fl ush to the original surface and minimize the need for fi lling. This process can 
be repeated as necessary, but generally the process is effective only up to three attempts.

All wood furniture acquires a patina and will become scratched over time. There are 
many ways to address scratches. Use a good grade of wax without silicones or hydrocarbons 
and steel wool as needed. Mix paste wax into a fi ne steel wool and rub fi rmly in the direc-
tion of the grain. After the wax dries, buff and polish the wax with a soft cloth. Dents can 
also be fi lled with a heated lacquer stick and a palette knife, but furniture refi nishing at this 
level is a specialty unto itself.

A CHRONOLOGICAL OVERVIEW OF TOOLS

Hand Tools

The evolution of hand tools from the Egyptian to the Greek civilization and into the Roman 
Republic is characterized by a general increase in the tools’ strength but reveals little typo-
logical change. Copper was the standard metal used by the Egyptians for the bow drill, 
chisel, awls, and a range of adzes, axes, and toothed saws. Abrasives consisted of various 
stones and vegetable oils.

Greek carpenter’s tools consisted of a rasp, plane, measuring instrument, a box of pig-
mented colors, a hammer, bow drill, heavy axe auger, gimlet, adze, and a punch. Improvements 
were also made in the handles of hand tools and in the materials of cutting surfaces.

Roman tools for making furniture were made of iron. Copper rasps with irregularly 
punched surfaces, saw blades with teeth set for traction cutting, a brace bit, a spoon bit, 
and a series of chisels were all improved due to the discovery of iron. An important tool for 
fabricating round chair legs was the turning lathe. The development of turning wood on 
a lathe generated an emphasis on straight legs as load-bearing elements.

During the Middle Ages, the primitive lathe evolved into the leaf spring type: a frame 
with risers and a leaf spring operated by the feet of an artisan that allowed the worker to 
set it in motion and work in less awkward conditions. An important improvement in furni-
ture making during this period involved the methods for joining materials together. Joints 
were made with pegs of harder wood or with hand-made nails; dovetail and mortise-and-
tenon joints were also used.

In the sixteenth century, the invention of the perfect lathe gave rise to a class of special-
ized craftsmen who collaborated with joiners. In 1568, woodblock-cutter Jost Amman 
records the existence of a carpentry workshop with 14 tools, the historian Joseph Moxon in 
1703 mentions 30 tools in his Mechanick Exercises: or the Doctrines of Handy Works, and 
the Wynn Timmine catalog in 1892 lists 90.2 By the Enlightenment, revolutionary changes 
had occurred in the tools and fabrication techniques of making furniture.

During the Enlightenment, fabricators developed better methods for representing shape 
and form using orthographic projection, which permitted greater control over work pro-
cesses and the representational models employed in geometry, with ellipses, parabolas, and 
conical sections on rotatory bodies. Tools used during this period included 16 brace bits, 
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screws, fretsaws, clamps, and workbenches equipped with iron vices. Pliers, chisels and 
gouges, squares, planes, and pincers were also common.

Machine Tools

In the early nineteenth century, under the pressure of the social, political, scientifi c, and 
technical revolutions of the age, a transformation occurred in woodworking shops that 
made it possible for furniture to be produced in limited quantities and in accordance with 
artisan traditions in keeping with local styles and tastes. Following the disappearance of the 
guilds and the rise of a liberal mercantile economy, production woodworking machines 
emerged for turning, planing, sawing, and milling. In addition, machines were able to pro-
duce standard pitched screws, nuts, and drill bits for the fi rst time.

By the mid-1800s, the premier furniture in the made-by-machine category was the 
steam-bent beech wood Model No. 14 chair produced by the Austrian company Gebrüder 
Thonet. Between 1859 and 1930, Thonet manufactured and sold 50 million of these chairs. 
By 1900, Thonet employed 5,000 people directly and 25,000 indirectly in other companies 
producing their products. At the height of production, Thonet was producing 15,000 pieces 
of furniture a day, 12,000 of which were chairs.

By the 1930s, the close working relationship between craft and machine production 
gave way to subdivisions of work in which the architect designed the prototypes and then 
submitted them to production industries for fabrication. Steel began to rise as a material in 
furniture production. Hollow steel tubes could be formed into many shapes and chromed. 
Bent plywood furniture designs by the Finnish architect Alvar Aalto exploited the elasticity 
of birch wood (a material also used to fabricate skis at the time).

In the 1950s, the industrial designer emerged as an independent professional skilled in 
designing with new technologies using resins, plastics, and upholstered works. The machin-
ery necessary to fabricate plastic furniture was a signifi cant up-front cost and required an 
enormous investment in large injection-molding machines, which could produce thousands 
of furnishings; mass production was necessary to recoup the initial investment in 
the  machines. Mass production became the condition for economic recovery after 
World War II.

Hand Tools Used Today

Turning and carving are specialized crafts that require a variety of chisels and gouges, which 
are usually beveled on both sides in order to work the wood at a variety of angles. Of all 
the fabrication processes used to work with lumber, carving has the closest link with craft 
(workmanship of risk) due to the human skill required. Like any cutting tools, chisels and 
gouges need to be kept sharp and maintained.

Sharp chisels are important tools in any workshop. Four types of chisels are needed for 
creating neat, accurate joints, removing waste, paring wood, and making mortises. A fi rmer 
chisel has a strong rectangular blade and comes in a range from ½- to 2-inch (1.27-cm to 
5-cm) widths. In general, it is used for rough chiseling tasks. Bevel-edged chisels have two 
shallow bevels ground along the edges of the upper face suitable for cutting joints. Paring 
chisels have long blades for paring housings. Mortise chisels are strong and designed for 
cutting deep mortises. These chisels require a mallet to drive the tool fi rmly into the wood. 
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For this reason, mortise chisels typically have a cap or metal ring to protect the handles from 
splitting.

Hand planes are used for a variety of purposes. A jointer plane is a long hand plane 
(24 inches [61 cm]) or more. It is used to remove warps and irregularities in lumber. Jack 
planes are shorter but are used for the same purpose. Block planes are small, lightweight, 
general-purpose hand planes.

There are two types of handsaws: ripsaws and cross-cut saws. Japanese saws include 
cut-off and straight-cut saws. Generally, American saws cut on the push and Japanese 
saws cut on the pull. Another difference between American and Japanese saws is the qual-
ity and thickness of their blades. Japanese saws are made of thin folded steel and are 
razor sharp.

Power Tools Used Today

Woodshops utilize a variety of power tools, which include table saws, jointers, planers, 
power sanders, and power drills (Figures 8.52 and 8.53). With the advent of power drills 
and drill presses, the traditional brace and bit all but disappeared. Electric power drills are 
powerful and easy to use. One should also investigate the battery-operated hand tools that 
are available.

When drilling through wood, the outgoing bore tends to create an outward explosion 
in the surface of the wood. This occurs in both fl at and rounded surfaces, including large 
dowels. A tight, uniform backing applied to the wood being drilled will prevent this from 

Figure 8.52 Woodshop with power tools, Miami University, Oxford, Ohio. Photography courtesy of Gülen Çevik.
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happening. Drilling through dowels requires a jig in which the 
dowel should fi t fi rmly. Prior to drilling dowel holes, consider 
using Forstner bits because they will ensure a quality result. 
Forstner bits are high-quality drill bits with a special serrated 
ring around the main point. This ring helps the bit stay on course 
and creates a clean, precise hole.

Power drill presses (pillar drills) have a chuck that holds the 
required bit (Figure 8.54). The shank (thickness of the bit) gener-
ally ranges in size from 1/32 to ½ inch (0.8 mm to 1.27 cm), and 
drill types range from wood and metal multiuse drill bits to 
Forstner bits.

High-speed steel bits are used to cut wood or metal. Large 
drill bits are often made with a reduced shank so that they can 
fi t into standard power drill chucks. Spade bits have long points 
for positioning on the exact center of a marked hole. These bits 
are also known as paddle bits due to their profi le. Most power 
drill presses have an adjustable table, a feed lever, and, most 
signifi cantly, a depth gauge that can be set to determine accu-
rately the depth of a hole.

The power planer and power jointer are important power 
tools in any woodshop. Planers mill wood to a specifi c thickness. 
Planing lumber is limited to the width of the planer. Power joint-
ers are important in creating 90-degree corners in milling lumber. 
Generally, lumber is fi rst jointed, then planed. Once a 90-degree 
edge is made between two adjoining surfaces on a jointer, the 
lumber can be milled to its desired fi nished thickness.

In cutting metal, be certain to use a slower cutting speed for 
harder metals and keep a small amount of oil on the cutting surface at all times. Metal band 
saws are typically speed-adjustable, cutting faster for softer metals such as copper and 

Figure 8.53 Disk sander. Photography by Jim Postell, 2006.

Figure 8.54 Power drill. Photography by Jim Postell, 2006.
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slower for harder metals such as carbon steel. Kerf marks and burrs left in the metal should 
be removed immediately with a fi le after each cut. Be especially careful of the burrs created 
when drilling metal and when grinding and welding metal (Figure 8.55).

When cutting plastic, use a blade specifi cally for this material. Push slowly and deliber-
ately throughout each cut. Leave the protective adhesive sheet on the stock until all cuts are 
complete to minimize the risk of scratching the plastic. Take extra care when drilling acrylic. 
Drill slowly to avoid cracking the plastic and distorting the hole.

Metal and plastic can be folded. Sheet metal up to 12-gauge can be folded back 
onto itself. Care must be taken to ensure that the line of the fold is accurate and continu-
ously aligned. Sheet plastic such as acrylic can be folded by fi rst heating along the edge 
of the fold and then carefully making the fold and securing it in place until the 
plastic cools.

Digital Tools

With the advent of the computer and computer-aided design (CAD) devices, computer 
programs fueled the development of computer-aided manufacturing (CAM) and the use of 
CNC devices. These devices were initially expensive machines used for mass-produced items 
such as cars and planes, but recently they have begun to emerge in smaller and mid-sized 
craft shops throughout the world. CAD/CAM technologies have become fi rmly established 
and will likely become the means to design and fabricate a greater percentage of furniture 
in the future.

During the 1980s, furniture companies began to invest in technology to achieve com-
plicated cutting operations in a rapid, precise, and repetitive manner. Today, many furni-
ture designers and companies use CAD software to produce digital geometric models and 
CAM software to specify how the digital design model will be fabricated. CNC devices 
translate the digital instructions into machine cutting operations to produce the furniture 
(Figure 8.56).

Figure 8.55 Student grinding a metal weld. Photography by Jim Postell, 2006.
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As smaller and mid-sized shops began to acquire digital technology, traditional craft 
methods began to incorporate CNC devices in the design and production of new works. 
Blue Dot.com, Ply Architects, Hariri and Hariri, John Nastasi, Steven Kieren, and James 
Timberlake are some of the many design and architecture fi rms that have begun to achieve 
high quality of work provided by digital software and CNC devices.

Figure 8.56 Nested layout of furniture components by Jeff Welch. Digital tool path fi le with lower perime-
ter cuts with tabs, prepared by Brian Ringley, Rapid Prototype Lab, College of DAAP, University of 
Cincinnati. Digital fi le courtesy of Brian Ringley, 2012.
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TECHNOLOGY: THE ART AND SCIENCE OF FABRICATION

Technology is a discourse between techno (making) and logos (thinking about the making). 
The art and science of fabrication guides how something is made. Regardless of the scale 
or scope of the project, the thesis refl ects upon the correlations between the process of 
making and the completed furniture design. Within the process of furniture fabrication 
there is a vast body of empirical and scientifi c knowledge that links art with science, craft 
with theory, and workmanship of risk (craft) with workmanship of certainty (machine pro-
duction). Design is never independent of technology. Design is often shaped by technology 
rather than the other way around.

Architect Frank O. Gehry initially relied upon CATIA, a computer program used in the 
aircraft industry, to model and fabricate unusual architectural designs utilizing compound 
curves. Following his early work with corrugated cardboard, Gehry’s team has explored and 
produced woven, laminated maple chairs and a series of roto-molded polymer outdoor 
furnishings. Their work inspired many fi rms and designers to adopt similar computer-mod-
eling programs in design.

Technology is the causeway of design, and its infl uence on design is critical. Ernest 
Joyce’s book The Encyclopedia of Furniture Making is a useful resource that focuses on 
wood and woodworking techniques. Form and aesthetics depend on technology. Change 
the way something is made, and it will affect the way it looks and works. Change the tools 
that one uses to design, and design will change as well.

Fabrication and production processes of contemporary furniture designs reveal a broad 
spectrum of technologies in use for designers, fabricators, and clients. This spectrum ranges 
from craft-based technologies (i.e., art, human skill, hand-made arts and crafts) to industrial-
based technologies (i.e., industrial production, CNC machinery, axis mill machines, applied 
science). Furniture design, though, is still directly associated with social, cultural, and 
economic conditions, as well as with individual and collaborative fabrication efforts.

Consider the economic downturns that once prominent furniture production epicenters 
such as Detroit and Grand Rapids, Michigan; Buffalo, New York; and Meda, Italy, have 
experienced. This is one result of growing technological innovations. While these industrial 
centers experienced a dramatic decline in the number of human laborers used to produce 
furniture, CNC devices produce more furniture with greater precision in less time, with less 
cost to the consumer, and have had enormous social and economic impacts on traditional 
fabrication methods.

Fabrication can be classifi ed into two types of workmanship. Objects made by handcraft 
technologies (workmanship of risk) involve processes that are considered an art (ars, empirical 
knowledge). These processes can be thought of as distinct from industrial means of pro-
duction (workmanship of certainty), often employing high-end manufacturing technologies 
such as CNC devices and robotic assemblages. The many processes of fabrication reveal a 
broad range of technologies from relatively low (craft-based) to relatively high (machine-
based). One is not better than the other. Each has its strengths and weaknesses.

The technologies employed in making furniture at the industrial level tend to rely heavily 
on industrial production, synthetic materials, expensive tooling, complex machinery, and 
carefully organized assembly processes. Companies such as Acerbis, Fiam, and Lowenstein 
are renowned for the technology they employ in the production of furniture. Acerbis is 
almost completely organized by CNC and robotic machines producing beautiful wood fur-
nishings, including Mario Bellini’s Onda Quandra (1988). Fiam uses a CNC device and robotic 
production processes to cut, form, and bevel glass furnishings such as the Ghost chair. 
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Lowenstein, based in Fort Lauderdale, Florida, experienced enormous growth in the 1990s 
due to their decision to invest in and integrate with the newest fi nish technologies, which 
allow them to apply a fi nal fi nish coat to their products and have it cure in less than 20 
seconds. Lowenstein was able to fi nish furniture faster and with less cost than any compa-
rable furniture company offering a similar product at the time. The technology enabled the 
product to get to market faster, with less cost, which helped the company increase its share 
of the institutional furniture market.

Smaller companies, prototypers, and craft shops tend to rely more upon human skill in 
the production of furniture. Small craft shops like Pierluigi Ghianda’s custom woodworking 
studio in Meda, Italy (Figure 8.57), and the Nakashima home studio in New Hope, 
Pennsylvania, are examples of small custom shops that rely on a balance between human 
skill and power woodworking tools to make furniture. The vast majority of furniture fabrica-
tion shops are somewhere between the craft shop and the automated factory.

Craft (Workmanship of Risk)

“Craftsmanship is defi ned simply as workmanship using any kind of technique or appara-
tus, in which the quality of the result is not predetermined, but depends on the judgment, 
dexterity and care which the maker exercises as he works. The essential idea is that the 
quality of the result is continually at risk during the process of making; and so I shall call 
this kind of workmanship [the workmanship of risk]: an uncouth phrase, but at least 
descriptive.”3

Craft is a time-honored tradition. It takes patience to craft a piece of furniture. Craft is 
the human skill involved in making, but recognition should never be the motivation. 
Motivation should be inwardly focused, having to do with passion and the satisfaction 
generated by craftwork. Traditional approaches to the subject of craft often emphasize the 

Figure 8.57 Pier Luigi Ghianda and artigani in bottega di Ghianda, Meda, Italy. Photography by 

Jim Postell, 1990.
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fi nished piece. However, the essence of craft lies in the human skill contributing to the 
workmanship, not in the fi nished product.

Craft is rooted in the nature of workmanship and refers to the human skill in making. 
David Pye writes about craft in his book The Nature and Art of Workmanship, stating that 
human technique has value but that quality workmanship is not dependent upon human 
technique.4

For a craftsperson or artist, furniture design is about the process of making and is con-
sidered an art. For many individuals, it is an applied craft, as evidenced in the work of 
Antonio Gaudi or the unique, one-of-a-kind pieces of Wendell Castle, or a matter of design, 
as in the work of the Danish furniture designer Poul Kjærholm. It is diffi cult to draw a line 
between handcrafted furniture, fi ne art, and design, but it is important to try and do so 
because the effort can help clarify distinctions of one’s own work. If furniture is hand-
crafted, signed, and original, can it be considered fi ne art? On the other hand, if art func-
tions as furniture, can art be considered design? Can art be conceived by one person and 
made by another? In actuality, the polemic between art and design is of minimal interest 
to many furniture designers, but the notions and positions of the two terms can fuel a 
body of work and help maintain clarity and focus on why one does what one does as 
a furniture designer. This, at least, is helpful in placing one’s work in the context of the 
work of others.

An industrial designer can engage a broad range of workmanship. Joe Colombo, Bruce 
Hannah, and Bill Stumpf have had other people produce their furniture designs. This is not 
to say that they don’t have the desire or skill to make furniture; rather, it is a refl ection upon 
the nature of engineered works conceived and intended for mass production. For the industrial 
designer, craft focusing on an individual work of art may be less important than the realiza-
tion of standardized mass production. For most industrial designers, the goal is to generate 
exact replications through repeatable processes. The furniture designs of Achille Castiglioni, 
Antonio Citterio, and Ettore Sottsass fall within the category of design rather than the cat-
egory of art. One is not better than the other, but the distinction between the two is impor-
tant to realize.

Furniture produced at the highest levels of craft and furniture produced as contempo-
rary or social art are generally considered art pieces. Craft is conceived and executed as a 
process-driven activity dependent on human skill, regardless of the quality of the workman-
ship in the fi nal product.

Machine Production (Workmanship of Certainty)

Most engineering advances used to fabricate contemporary designs rely upon industrial 
processes and repeatable means of production. Examples of rigorously tested and techno-
logically sophisticated furniture can be seen in the offi ce seating designs that have entered 
the marketplace during the past 20 years. The Aeron chair, the Freedom chair, the Leap 
chair, and the Equa chair are contemporary offi ce icons that depend on the workmanship 
of certainty and technological production. These chairs are examples of signifi cant advances 
blending ergonomics, sustainable design concepts, new materials, and complex systems 
engineering. A popular offi ce chair such as the Aeron chair is produced in vast numbers, 
with each chair made exactly like the one before it. The ability to repeat the process without 
deviation in any regard is key to the economic success of mass-produced design. In this 
regard, workmanship of certainty is mandatory. Precision tools and CAD machines are used 
to minimize variances between individual pieces. The idea that machines can cut, punch, 
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and assemble with speed and accuracy gives designers the 
opportunity to design specifi cally for these industrial and 
digital production processes.

In 2006, French designer Patrick Jouin used a type of 
rapid manufacturing—select laser sintering (SLS) to fabri-
cate the One shot.MXG stool (Figure 8.58). The stool is a 
sintered nylon, manufactured by Materialise NV, Belgium. 
The laser sintering allowed the entire piece to be precisely 
fabricated in one process (thus the furniture’s title). With 
the SLS process, a laser solidifi es powdered nylon into the 
fi nished form. The process requires no assembly. There are 
no wasted materials or forms required in its production, 
resulting in a highly effi cient method of manufacturing. 
This technology has potential to be a signifi cant infl uence 
in manufacturing as well as a tool for expressive designs 
and experimental processes of design.

The engineering systems behind mass-produced offi ce 
furnishings also employ extensive testing. The Business 
and Institutional Furniture Manufacturer’s Association 
(BIFMA) describes guidelines and procedures for testing 
contemporary furniture. Established in 1973, BIFMA 
International is a not-for-profi t trade association of furni-
ture manufacturers and suppliers addressing issues of 
common concern. Examples of BIFMA testing include lat-
eral force, caster and glide testing, upholstery, and fl ame 
resistance testing.

Between furniture crafted by hand and furniture fabri-
cated by machine, some qualities are lost and some are 
gained. Many aspects of design and fabrication become 

critical in terms of their societal and economic impact. Consider the cost of human labor 
relative to the value of a single piece of furniture. A custom furniture shop may charge $50 
to $60 an hour for labor, which can easily result in hundreds or thousands of dollars of labor 
for a single piece. In this model, low production runs are the norm, yet the model employs 
a relatively large number of skilled craftspeople, and this, in turn, has a broad impact on a 
nation’s social and economic life. The craftspeople circulate the company’s earnings back 
into the local economy. Automation and machine fabrication minimize the need for a large 
employee pool trained in craft techniques. This results in fewer employees in the furniture 
industry and a higher investment in technical equipment and facilities. This, too, impacts 
the local economy. In a different way, the emphasis becomes more about the economic 
development and competitiveness of the industries.

ENDNOTES

 1. www.brainyquote.com/quotes/quotes/a/alberteins103652.html.
 2. Istituto Nazionale per il Commercio Estero, The Italian Chair (Rome: n.d.), p. 30.
 3. David Pye, The Nature and Art of Workmanship (New York: Cambridge University Press, 1968), p. 4.
 4. Ibid.

Figure 8.58 One shot.MXG stool, designed by Patrick Jouin (2006). 
Photography by Jim Postell, 2011.
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Great designers seldom make great advertising men, because they get overcome by the 
beauty of the picture—and forget that merchandise must be sold.1

James Randolph Adams, The International Dictionary of Thoughts, 1969

FURNITURE IS, MORE often than not, a rela-
tively expensive product to bring to mar-
ket, which contributes to a limited 
customer pool. Further, consumers want 
more than comfortable and affordable 
furniture. Many want social status, beauty, 
ergonomics, structural integrity, and envi-
ronmentally green design. The market is 
complex, driven by individual and societal 
needs and desires (Figure 9.1).

Throughout developed countries, 
furniture is a mature product. Most mar-
kets have been saturated in the sense 
that almost everyone has furniture to 
satisfy their basic needs. In these mar-
kets, it is the desire for new and better 
products that sparks demand. Furniture 
is conceived, fabricated, and marketed 
for specifi c niches, specifi c users, and 
specifi c purposes.

Marketing efforts by furniture 
designers and furniture companies 

9Professional Practice 
and Marketing

c h a p t e r

Figure 9.1 Poster of Saarinen’s Tulip chair wrapped in Kraft 
paper, marketed by Knoll. Photography, courtesy of Knoll, Inc.
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underscore a range of strategies due to the many differ-
ent needs of consumers. Some designers and companies 
promote versatility of use, while others promote durabil-
ity. Many promote design, which usually means well-
composed, mass-produced, functional pieces. Other 
manufacturers promote customer satisfaction and 
service. Some furniture is marketed as regionally or cul-
turally branded, such as Scandinavian design or Italian 
design. Some furniture is marketed as fi ne art, as in 
the case of Wendell Castle’s (Figure 9.2), George 
Nakashima’s, or Sam Maloof’s work. Galleries and muse-
ums collect selected pieces because of their craft, social 
meaning, cultural signifi cance, or innovation in terms of 
material use or fabrication processes (Figure 9.3). A small 
amount of furniture is acquired by galleries and muse-
ums and sold through auction and estate sales to collec-
tors. Many offi ce furnishings are branded as ergonomic 

products (Figure 9.4), including the Aeron, Leap, and Freedom chairs. Uniqueness is a desir-
able quality for some such as HåG’s Capisco chair (1984), while others prefer the value of 
regularity or timeless classicism as in Cassina’s Cab chair (1977).

One priority that drives the vast majority of new works is the desire to make a similar 
product for less cost. This often results in reducing the quality of furniture’s unseen aspects, 
relocating production to regions of the world where labor is less expensive, or increasing 
the technological effi ciencies involved in the production of furniture.

Although it is correct to assume that designers and furniture companies respond to 
market demand, it is also correct to infer that they create market demand. Revolutionary 
designs take the market by surprise. Few people felt the need for infl ated therapy or gym 
balls, beanbag chairs, or tubular metal chairs when these products fi rst became available.

In some cases, designers anticipate a potential market and, by providing a solution, fi ll 
an emerging demand. The bentwood (ready-to-assemble) beech chairs of Gebrüder Thonet 
point to a match between these lightweight, inexpensive chairs and the restaurants, cafés, 

Figure 9.2 Wendell Castle’s furniture exhibit at the Cincinnati Art Museum. 
Photo courtesy of Cincinnati Art Museum (exhibit by Wendell Castle).

Figure 9.3 Trapholt Furniture Museum, Kolding, Denmark. Photography 

copyright © William A. Yokel, 2005.

Figure 9.4 Ergo KontormiljØ—delivery van. Photography by Jim Postell, 

2006.
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and residential spaces that emerged 
throughout Europe during the mid-nine-
teenth century. The inspiration behind these 
chairs arose from an infusion of design, 
technology, cultural refl ection, and sensitiv-
ity rooted in the idea of zeitgeist (the spirit 
of the times). The beech bentwood chairs 
produced in the late 1800s inspired genera-
tions of modern designers and contempo-
rary fabrication companies (Figure 9.5).

Staff designers are full-time company 
employees who design and develop prod-
ucts in collaborative working environments 
for carefully researched markets. Some fur-
niture companies, such as Steelcase and 
Luxo Italiano, employ staff designers. They 
pursue specialized market niches by identi-
fying their customer base and determine how best to 
reach it. Other furniture companies, such as Alias, 
Cassina, Herman Miller, Knoll, and B & B Italia, seek out-
side designers under contract and consulting arrange-
ments. In some cases, designers must work only for the 
specifi c company, but in most cases, designers are free 
to consult with as many companies as they choose to 
be  affi liated with. Philippe Stark is an international 
design consultant who works with several prominent 
companies, such as Alessi and Kartell (Figure 9.6).

Furniture designers are the principal talent behind 
the furniture design industry. At the end of the day, rela-
tively few furniture designers make a living solely on the 
income produced by royalties from designing furniture. 
Designers rely on opportunities extended by clients, 
building and interior commissions, industry, companies, 
galleries, museums, writers, and other marketing, brand-
ing, or promotional venues. Designers also work as 
entrepreneurs forming business relationships with furni-
ture or production companies, actively seeking innova-
tive products and venues to bring new ideas to industry 
and forming potential business partnerships. 

Other opportunities require a more diverse approach 
to the career. As an architect or interior designer, one can 
concentrate on the custom design of specifi c or limited-
production furniture pieces that result from new con-
struction, renovation, and interior design commissions.

At the end of the day, those who design furniture 
work hard to forge their opportunities and, in doing so, often develop a professional niche 
within their career. Some professional niches are singular, career-long investments focused 
on specifi c activities—such as the work of George Nakashima and Sam Maloof—while others 

Figure 9.5 Offspring designs: Thonet’s bentwood (1880), Poul Kjærholm’s PK 15 (1979), and PK 
12 (1964). Photography courtesy of Erik Skoven.

Figure 9.6 Victoria and Louis Ghost chairs on display, designed by Philippe 
Starck (2005–2006). Glossy table designed by Antonio Citterio at the Kartell 
showroom in Helsinki, Finland. Photography by Jim Postell, 2006.
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weave in and out of several disciplines as a means of generating 
an evolving career with periodic concentration on furniture design, 
such as the careers of Zaha Hadid and Karim Rashid. One rarely 
chooses the career path, but paths develop and emerge as a natu-
ral course of professional activity, be it the path of the artist, the 
industrial designer, the architect, the interior designer, the entre-
preneur, the collaborator, the fabricator, the engineer, the social 
activist, the teacher, or the one in charge of marketing, branding, 
selling, or writing about furniture design.

To achieve success within the discipline, one often must wear 
several disciplinary hats—that is, the artist can be the fabricator 
and sometimes the curator. The industrial designer may consult 
broadly within the industry and work full-time with a particular 
company. Mario Bellini and Ettore Sottsass were successful in 
doing so by working for Olivetti and other companies throughout 
their early career. An educator might teach and write about fur-
niture, and practice on the side. The architect and interior designer 
may have opportunities to design custom pieces of furniture 
through their professional practice in designing buildings and 
working on interior renovations. The engineer can infl uence and 
resolve design matters from schematic design through production 
and either work as a consultant to many offi ces or remain 
employed within a single company.

Through the various processes and opportunities of contem-
porary practice, designers collaborate with fabricators, artists with 

industrial entrepreneurs, engineers with project managers, and architects with clients, all 
contributing to the resolution of products and their improved use, dissemination, and 
acceptance by society. Success, in turn, gives voice to the industry, which promotes design 
awareness and cultural affi nity for furniture design.

INDUSTRY

Large furniture companies such as Fritz Hansen, Giogetti, Kartell, Knoll, Herman Miller, 
Vitra, and Zanotta have, to a degree, created and expanded new markets through the pro-
duction of design goods (furniture produced and marketed as design items) (Figure 9.7). 
These companies differentiate themselves from other companies that produce period-
replicated or conventional furniture. The furniture company Herman Miller uses design as a 
way to solve signifi cant problems for people (Figure 9.8). This outlook, shared by other 
innovative furniture companies, places value on a pragmatic view in design, but this outlook 
is also tempered by the concern and awareness in the way furniture looks.

George Nelson was the director of design at Herman Miller for over 25 years and laid 
out fi ve tenets of Herman Miller’s design philosophy:

1. What you make is important.
2. Design is an integral part of the business.
3. The product must be honest.
4. You decide what you will make.

  5. There is a market for good design.

Figure 9.7 Coconut chairs, designed by George Nelson (1955), 
produced by Herman Miller, Inc. (United States) and Vitra 
(Germany). Photography copyright © William A. Yokel, 2005.
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Large furniture companies employ distribution 
representatives, sales associates, and marketing 
directors, seeking ways to market furniture designs 
with contemporary building projects produced by 
architecture and interior design fi rms.

Competition generates a reluctance to share 
technical knowledge and resources with others in 
the industry, making it diffi cult to develop a shared 
pool of information among professionals. This 
results in proprietary knowledge and techniques 
that are kept secret, resulting in intellectual property 
with patents protecting processes, fi nishes, innova-
tive designs, and so on.

Some furniture design companies market and 
distribute assembled products but outsource the 
fabrication of components and parts to others. 
Interfl ex uses Mario Terraneo’s bottega in Meda, 
Italy, to fabricate a line of their beds. Alias and Baleri Italia outsources all production of 
their products to local and regional fabricators. Herman Miller assembles furniture in 
Zeeland, Michigan, but outsources the production of many furniture components through-
out the world.

Design consultants, like any consultant working for a large company, typically enjoy an 
independent and relatively risk-free working relationship with the industry. Payment for 
design services sometimes consists of an up-front, one-time fee for design but very often 
results in a negotiated royalty. Royalties can vary in their percentage, depending on the 
designer’s status and the anticipated volume of production. Typically, a designer will receive 
3 to 5 percent of the distributed cost of mass-produced furniture.2 The ramifi cations of this 
approach propel design activities into the realm of developing either expensive high-end 
works or affordable mass-produced furniture.

Furniture manufacturers are extensive in their numbers, diverse in their product line, and 
often unique in their branded identity (see the list of furniture manufacturers included in 
this book’s Appendix).

GREEN MARKETING

Green design was defined in Chapter 6 as being more complex and inclusive than 
sustainable design. Consequently, green marketing encompasses more than promoting 
the sustainability of a product. It is an opportunity to market how furniture is produced 
(socially and technologically), how it is distributed, how it might be considered reus-
able or recyclable, and how it might eventually biodegrade. It is a chance to market 
the company behind the product for leadership in green design.

Fewer companies today are packaging their products with polystyrene, and more 
are using biodegradable cardboard and fl at-pack distribution methods in response to con-
cerns over chlorofl uorocarbons (CFCs) that are produced in the production of polystyrene 
(Figure 9.9). How a product is distributed affects how green it is.

Size, weight, packaging, distance, and distribution costs are signifi cant factors that 
affect the cost and resources needed to bring a product to market. Although Gebrüder 

Figure 9.8 Herman Miller showroom, third level of the Merchandise Mart, 
Chicago. Photography by Jim Postell, 2007.
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Thonet fi rst distributed chairs disassembled in the mid-1800s, 
fl at-pack or knock-down furnishings became widely accepted by 
the public only in the 1960s. Gaetano Pesce’s vacuum-packed UP 
series and Il Sacco, the original beanbag chair designed by Píero 
Gatti, Cesaré Paolini, and Franco Teadoro, greatly reduced the 
distribution cost of off-the-shelf furniture.

How a product is fabricated also determines how green it is. 
For example, the possible future ban of lead in soldering has 
pushed many fi rms to develop new techniques for joining metal. 
Various metal components are currently being powder-coated 
rather than spray-painted. Improved processes of fi nishing furni-
ture can reduce environmental hazards; consequently, furniture 
production is continually evolving and, whenever appropriate, is 
being marketed as green design.

Targeting products that are green involves promoting furni-
ture that:

� Produces low levels of VOCs
� Uses materials that are formaldehyde free, biodegradable, or 
renewable

Green products are often priced higher than conventional 
goods, but their life cycle may be longer and they are often cost 
effi cient in the long run. The reality, however, seems to be that 
while people are willing to pay more for a green product, the 
degree of “how much more” is marginal.

RETAIL AND WHOLESALE

Retailers buy furniture directly from furniture companies at wholesale 
prices and sell furniture at retail prices in order to achieve a desired 
profi t margin. Manufacturers generally do not provide fl oor items for 
display, nor do they provide furniture on loan or on consignment 
to retailers. Thus, retailers rely on the display and availability of 
in-house merchandise and special orders to generate and maintain 
sales (Figure 9.10).

Shopping by catalog has become popular. Rob Forbes’s Design 
Within Reach (DWR) is a fi nancially successful catalog and an online 
venue bringing design within reach to a growing market. Smith 
Hawkin, Levenger, Sharper Image, and Frontgate are further examples 
of well-organized sourcing and distribution companies for hard-to-
fi nd, easy-to-order products.

The North Carolina Highpoint Furniture Market occurs twice a year 
in October and April for one week. The principal focus is on wholesal-
ers and retailers, sales representatives, and the press, with the primary 
emphasis placed on generating sales and getting products to the mar-
ket. On the last day of the Furniture Market, interior designers, archi-
tects, faculty, and students are allowed admission.

Figure 9.10 Kartell showroom, Helsinki, 
Finland. Photography by Jim Postell, 2006.

Figure 9.9 Flat-pack Stool 60, Artek showroom, Helsinki, 
Finland. Photography by Jim Postell, 2006.
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Similar to Highpoint, but more inclusive of designers, architects, and students world-
wide, are the enormous international furniture fairs. The Salone del Mobile in Milan, Italy, 
organized by COSMIT; the Japanese furniture exhibition TAGU; the Cologne Furniture Mart 
in Germany; and NEOCON in Chicago’s Merchandise Mart are examples of well-organized 
and well-attended furniture events where new products are unveiled and sold to wholesalers 
and industry professionals. The International Contemporary Furniture Fair (ICFF) in New York 
City and the International Furniture Fair in Copenhagen introduce contemporary furniture 
designs to the public (Figures 9.11, 9.12, and  9.13). A new annual venue for exhibiting and 
marketing furniture design is the Las Vegas Furniture Fair. These furniture exhibitions pro-
vide opportunities for designers and companies to exhibit and introduce new work.

Getting products to market is critically important. Furniture fairs help match sellers with 
buyers. Sales generated at an international furniture fair can lead to a signifi cant annual 
percentage of gross income for a company. In these venues, new furniture designs are pre-
sented and aggressively marketed to the attendees and the press.

Figure 9.11 ICFF—Wilsonart-sponsored furniture design class 
exhibit at the International Contemporary Furniture Fair, New York, 
2011. Photography by Jim Postell, 2011.

Figure 9.12 ICFF—International Contemporary Furniture Fair, New York, 
2005. Photography courtesy of Eli Meiners.

Figure 9.13 A pair of Ox chairs (designed by Hans J. Wegner, produced by Erik 
Jørgensen) at the International Furniture Fair (ICFF), Copenhagen, Denmark 
2006. Photography by Jim Postell, 2006.
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DESIGN FOR LESS

IKEA is a successful business that originated in Sweden and targets large metropolitan markets 
offering contemporary design solutions and inexpensive furniture and accessories. IKEA is in 
line with very successful big box retailers and has stores throughout the world (Figure 9.14). 
In American cities such as Pittsburgh, the IKEA business model is to identify a critical mass of 
customers who can support the cost-effective operation in concert with a generally evolving 
product line. The IKEA customer is typically young, interested in design, and with a modest 
level of disposable income (Figure 9.15). IKEA responds well to design trends and relies on a 
high volume of sales and the introduction of new products each year to sustain growth. The 
process of purchasing furniture through IKEA is unique. Furniture is prepared fl at-packed for 
customers to purchase from the distribution stores. Equally unique is the all-encompassing 
retail environment selling furnishings, accessories, lighting, rugs, food, and so on.

ALTERNATIVE RETAIL

One traditional marketing approach used to generate sales 
is to host a warehouse sale. DWR has successfully orga-
nized and promoted weekend sales of overstocked and 
slightly damaged products at signifi cant savings by utilizing 
warehouse storage close to regional and metropolitan air-
ports in order to facilitate the distribution of furniture that 
otherwise would be diffi cult to sell.

Vintage design shops are everywhere. These are great 
places to fi nd a Bertoia, Saarinen, or Eames chair or furni-
ture designed by less well-known designers. Sometimes, 
remarkable designs (Figure 9.16) can be discovered in 
unexpected venues.

Guerrilla retail3 is a term used to describe the sale of 
furniture in temporary places—off a truck, in a rental 
space, at an exhibit, at a kiosk on the sidewalk, or in a 
parking lot, plaza, and so on (Figure 9.17).

Figure 9.14 IKEA distribution outlet, Sweden. Photography by Jim Postell, 

2006.
Figure 9.15 IKEA at home and assembled. Photography copyright © 

William A. Yokel, 2005.

Figure 9.16 Compound curved plastic chair—considered vintage furnish-
ing. Photography courtesy of Peter Chamberlain.
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Figure 9.17 Used furniture priced to sell—vintage furnish-
ing. Photography courtesy of Peter Chamberlain.

Figure 9.18 M2L furniture showroom, New York City designed by 
Richard Kronick GKV Architects. Photography by Oleg March 

AIAP, APA, IVRPA.

Figure 9.19 Paustian furniture showroom, Copenhagen, 
Denmark. Photography by Jim Postell, 2006.

Figure 9.20 GUBI showroom, Copenhagen, Denmark, 
2005. Photography courtesy of GUBI A/S Denmark.

Furniture showroom districts exist in major cities like New York, San Francisco, Boston, 
Chicago, Los Angeles, and Seattle (Figure 9.18). Bundling several showrooms together is 
common, forming a concentrated mall of design, often in the same building or on the same 
street. Examples of concentrated districts are the Pacifi c Design Center in West Hollywood, 
California; the International Trade Mart in Dallas, Texas; and the D & D Building in New York 
City. In Europe, there are areas in many cities that have become design districts in which 
showrooms are concentrated. Paustian and GUBI are two large furniture showrooms in 
Copenhagen that have contributed to the economic turnaround of an area that was previ-
ously an industrial and warehouse district (Figures 9.19 and 9.20).
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INDUSTRIAL ENTREPRENEURS: SILENT HEROES

Industrial entrepreneurs are the silent heroes behind the culture of design. They assume the 
economic risks and liabilities by leading their companies to invest in design. They establish 
markets through the production of goods as well as by responding to market demand. 
Individuals such as Aurileo Zanotta of Zanotta Spa, Alberto Alessi of Alessi, Busnelli of B & B 
Italia, Julio Castelli of Kartell, Louis Poulsen of Poulsen Lighting A/S, and Rolf Fehlbaum of 
Vitra all deserve their well-earned recognition (Figure 9.21). Industrial entrepreneurs create 
relationships with designers, fabricators, representatives, and retail store owners. They are 
informed about design and production and are responsible for the welfare of their organi-
zation and its working relationships with designers. Their role is signifi cant in shaping the 
industrial culture of furniture design and, on occasion, their vision has national and global 
impact.

Many larger furniture manufacturers have opened substantial showrooms, sometimes 
on site with their factories, to augment their printed catalog. This marketing trend began 
in the twentieth century. Today, Cassina, Fritz Hansen, Flou, B & B Italia, Giorgetti (Figure 
9.22), GUBI, and Vitra are some of the many furniture companies that have showrooms in 
close proximity to their factory and headquarters, blurring the line between gallery and 
retail store.

Figure 9.21 Display of iconic chair designs, Vitra Museum, Vitra International 
AG, Birsfelden, Switzerland. Photography by Jim Postell, 2004.

Figure 9.22 Giorgetti showroom, Copenhagen, Denmark. Photography 

by Jim Postell, 2006.
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FURNITURE EPICENTERS

Epicenters of furniture design abound throughout the world. An epicenter is a place with a 
historical legacy regarding the design, production, research, distribution, or dissemination 
of furniture design. Epicenters are places where designers and industries have contributed 
to national and regional economies. In turn, these areas provide support and marketing 
venues to sustain greater economic success.

The Italian Trade Commission established FORMA, whose purpose is to promote Italian 
furniture design throughout the world. The Danish Design Center was created in the 1960s 
to promote Danish companies’ use of design and the success of Danish  furniture designers 
worldwide. Often, regional economies help to support industrial epicenters, with nearby 
academic institutions that attract students and faculty into the profession.

Paris

Paris, France, was an epicenter for furniture design and fabrication from the late 1500s 
through the late 1800s (Figure 9.23). (See Chapter 10 for more background and informa-
tion about Paris.)

Northern Italy

Milan, Italy, is home to thousands of designers engaged in architecture, interior design, 
and industrial design. Most are trained as architects. The Politecnico di Milano has nearly 
15,000 students of architecture within its seven-year curriculum; and of the nearly 4,000 
fi rst-year students, 1,000 choose to pursue furniture, industrial design, and interior 
design as a focal track within the culture and curriculum of architecture. Many of these 
students will design furniture, and some will fabricate. Most will develop careers within 
related professional tracks while maintaining their 
affi nity to, interest in, and passion for furniture 
design.

Milan is home to over 30 international journals 
that focus on furniture design in both theme and 
content. Ottagano, Domus, Arbitare, and Interni are 
examples of journals that regularly feature trends in 
furniture and showcase the designers. The maga-
zines, journals, and books on Italian furniture design 
are the marketing engine behind the national and 
global success that Italy has enjoyed for the past 30 
years. The concentration of signifi cant furniture 
design magazines and journals marks Milan as a 
major design center that promotes Italian 
design worldwide.

Meda is a modest-sized city one hour north of 
Milan by train. It is located in the heart of Brianza, a 
region of northern Italy defined by Milan to 
the south, Como to the north, and Bergamo to the 

Figure 9.23 A display of wooden furniture made in Paris during the mid-1700s. From 
upper left to right; table (1755–1760), armoire (1750–1760), a pair of corner cabinets 
(1750), secretary (1750), hall clock (1750), secretary (1770), transformable bureau, 
encoignure (1730–40), encoignure (1730–1740), commode en tombeau 
(1760). Photography by Jim Postell, 2011.
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east. Meda is also an epicenter (but different from Milan), home to hundreds of furniture 
production and fabrication companies. For centuries, this region has maintained a tradition 
of furniture production that speaks to the workmanship of craft. Its history and the quality 
of its work make it an infl uential center of production. It is renowned for its cottage indus-
tries and the production of high-end furniture. B & B Italia, Cassina, Giogetti, Flou, Zanotta, 
and Interfex are some of the hundreds of furniture companies located in and around Meda. 
Over 33,000 custom fabrication shops (bottegas) and mid-sized companies produce furni-
ture in Brianza. Nearly 20,000 shops employ fewer than 10 artigani (craftspeople).4

East of Brianza is the region of Friuli in Udine—an area that has been linked with the 
yearly Italian exhibit Promosedia. In the region of Friuli, large quantities of moderately 
priced furniture pieces are produced and distributed throughout the world. Technology 
employed in the production of these works is largely industrial. Friuli and Brianza are two 
distinct epicenters in Italy that have an international presence (albeit through noticeably 
different markets, fabrication technologies, and marketing strategies) and generate a sig-
nifi cant industrial base for Italy, Europe, and the world.

Scandinavia

Danish furniture was highly regarded in the twentieth century for its craft in wood. Beech, 
birch, pine, and white oak were abundantly available and used to make furniture for years. 
In the 1960s, the quality of Danish furniture inspired industrial companies to sustain a high 
standard of design in their products. Fritz Hansen, PP Møbler, and Rud. Rasmussen of 
Copenhagen achieved high standards in production (Figures 9.24, 9.25, and 9.26). Although 
Finland is technically not a Scandinavian country, it is culturally and socially considered 

Scandinavian. The Finnish company Artek, located in Helsinki, 
helped to promote Scandinavian design throughout the world 
with the fabrication and distribution of the furnishings designed 
by Alvar Aalto and other notable Finnish designers.

Scandinavian furniture design, as it is known today, came 
about because a handful of world-class designers emerged from 
the same place, at the same time. During the 1950s, Arne 
Jacobsen, Verner Panton, Hans J. Wegner, Børge Morgensen, 
Finn Juhl, and Poul Kjærholm all sought the combination of func-
tion and refi ned beauty that presents itself in a natural way. 
Scandinavian furniture is notable for its restraint, workmanship, 
and direct correlation between form and function. Today, younger 
designers such as Niels Hvass and companies such as Komplot 
Design; Hay, Hansen & Sørensen; and GUBI are carrying the 
Danish tradition of furniture design and craft into the twenty-fi rst 
century (Figure 9.27).

Of the many talented Danish furniture designers of the mid-
twentieth century, Finn Juhl (1912–1989) had a particularly 
remarkable career. He was an architect and interior and industrial 
designer who designed his own home in 1942 and all the furni-
ture in the home (Figure 9.28). The interior spaces within his 
home at Kratvænget in Ordrup, just outside Copenhagen, are 
furnished by his personal organic designs. They embody the Figure 9.24 Arne Jacobsen’s Swan chairs at Fritz Hansen’s press 

room. Photography by Jim Postell, 2006.
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practical, comfortable, human-sized furniture that became known as Scandinavian furniture 
design. Of particular interest is the spatial and modest relationship that his furniture has 
with interior space. Finn Juhl saw his furniture as part of the expression of a room, comple-
menting and completing the architectural setting—his own house being a case study in this 
idea and arguably embodied the spirit of Danish design at the time.

Figure 9.25 “The Chair,” 
wooden frames in production 
at PP Møbler, Denmark. 
Photography by Jim Postell, 

2006.

Figure 9.26 Rud. Rasmussen’s showroom and furniture 
workshop, Copenhagen, Denmark. Photography by Jim 

Postell, 2006.

Figure 9.27 Branding and text applied to the underside of the 
Non-Rubber chair, designed by Komplot Design (2000) for Källemo 
AB (Sweden). Computer rendering by Komplot.
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Other Epicenters

A short list of furniture epicenters throughout the world would include Paris, France; 
Barcelona, Spain; London, England; Amsterdam, Netherlands; Chicago, Illinois; Grand 
Rapids, Michigan; Highpoint, North Carolina; East Aurora, New York; and New York City. 
These epicenters often specialize in production, design, distribution, or marketing of 
furniture. Each region maintains an industrial or design presence that has been developed 
and recognized as a center for a substantial period of time. Local regions and countries 
have invested in design centers and recognize how furniture design contributes to 
regional economies.

THE BUSINESS OF FURNITURE DESIGN

Design at Herman Miller is a way of looking at the world and how it works—or doesn’t. It 
is a method for getting something done, for solving a problem . . .

—From Herman Miller’s corporate values statement, “Things that Matter”

Industry giants such as Bernhardt Company, Baker Furniture, the Bittner’s Group, Thom Moser, 
Verbargs, and Arhaus (Cleveland, Ohio) are examples of traditional and contemporary produc-
tion companies that attempt to extend their market share by competing directly in the retail 
market and the public domain. They work to brand their merchandise, reaching customers 
directly through journals and magazine advertising and investing in retail-based showrooms. 
More often than not, they reach out to consumers interested in both current trends and tradi-
tional home furnishings. Their appeal is based on the quality of workmanship, value, availability, 
and branded line of products.

Williams-Sonoma Home, Crate and Barrel, Armani, Casa, Pottery Barn, Target, West Elm, 
and many other retailers are joining the recent efforts of department stores such as Macy’s, 

Figure 9.28 Floor plan of Finn 
Juhl’s home in Ordrup, indicating 
the design, location, and orien-
tation of his furniture in space—
completing and complementing 
the interior space. Image cour-
tesy of Ordrupgaard. Graphic 
Design by WIBROE 
INTERNATIONAL EXHIBITION 
www.wibroe.dk
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Kohl’s, and JCPenney to redefi ne domestic trend furni-
ture. Home goods is a huge area and provides a great 
opportunity for furniture designers.

Artek, B & B Italia, Cassina, Fritz Hansen, Haworth, 
IKEA, Kartell, Knoll, Vitra, and Zanotta are furniture 
design and production companies. They have strong rela-
tionships within the culture of contemporary architecture 
and design in general. These companies market and 
advertise through a number of venues, including journals 
and magazines, art venues, furniture exhibitions, minia-
tures, and an extensive network of showrooms and retail 
stores (Figures 9.29, 9.30, and 9.31). They maintain links 
with popular culture and the offi ces of leading architects 
and designers through marketing, aggressive pricing, 
production, and distribution strategies. Industrial pro-
duction, economies of production, limits of distribution, 
and links with popular culture are extremely important 
in the conception and fabrication of contemporary 
works by these and many other companies.

Online and Web-based companies such as the California-based Design Within Reach 
(www.dwr.com); England’s Web-based outlet for contemporary works, Habitat (www.habi-
tat.co.uk); West Elm; Conrad’s; Hold Everything; Frontgate; Sharper Image; and Europe’s 

Figure 9.29 ALT for damerne—March 1958, marketing the Egg 
chair, designed by Arne Jacobsen, (1956), manufactured by Fritz 
Hansen. Image courtesy of Erik Skoven.

Figure 9.30 “Easter Morning” for the Saturday Evening Post, 
May 16, 1959, by Norman Rockwell.

Figure 9.31 Miniature 1:6 models from the Vitra Miniature Collection at the 
Paustian furniture showroom, Copenhagen, Denmark. Models produced by 
Vitra. Photography by Jim Postell, 2006.
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TopdeQ (www.topdeq.com) have established a new and convenient 
way for people to search for and purchase furniture from their home 
and offi ce using catalogs and the Internet.

Many furniture designs never reach the marketplace. Putting a 
design idea into production requires investment, and investment 
requires economic viability. But equally important are the nature of the 
market at which the product is aimed and the degree to which furni-
ture design can be protected from competition (Figure 9.32). The mar-
ket value of the product must be greater than its cost to produce, 
market, and distribute in order to justify the investment required. The 
net profi t should augment an acceptable return on the investment in 
plant and working capital.

Assessing the value and marketability of furniture design is diffi cult. 
The value of a design often depends on the market niche at which the 
product is aimed: monogrammed beanbag chairs for children, vibrat-
ing massage loungers for the stressed, and lift chairs or wheelchairs for 
those with limited mobility. Furniture attracts niche market clientele 
and, more often than not, is marketed in such a manner.

Some market niches in the furniture industry are slow to adopt new 
technologies, whether or not these technologies enable a more dura-
ble, safer, or less expensive product. Those who desire traditional 
stained and fi nished wood furniture that is handmade most likely will 
continue to do so. These individuals will likely not seek out the latest 
polymer or recycled material incorporated in design. Likewise, those 
accustomed to sitting upright at the dining table will probably not 
adopt the Asian or Turkish model of sitting closer to the fl oor when 

sharing a meal. Markets are focused realities. This is as true today as it was centuries ago 
when Chippendale, Hepplewhite, and Sheraton worked to market their products.

What works well in one culture may not work in another. The cultural lifestyles and 
social norms of people need to be understood in conjunction with the furniture that is 
sought, desired, and needed by people fi nishing their home, offi ce, or place of business in 
order to market effectively and attract consumers.

ENDNOTES

 1. www.brainyquote.com/quotes/authors/j/james_randolph_adams.htm.
 2. Interview with Boris Berlin of Komplot Design, June 2006.
 3. Nigel Collett, “The New Look in Retail Design—Popping Up in a Street Near You,” Brand Republic, 

June 14, 2005, p. 132.
 4. Data gathered on Italian furniture production in 1989 during a three-month study in Milan.

Figure 9.32 Forest City Fabricators marketing and exhibiting 
new furniture products at the International Contemporary 
Furniture Fair, New York, 2011. Photography by Jim 
Postell, 2011.
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10Historical Overview

c h a p t e r

History has remembered the kings and warriors, because they destroyed; art has remem-
bered the people, because they created.1

William Morris

HOW SOCIETIES HAVE THOUGHT ABOUT DESIGNING, 
MAKING, AND USING FURNITURE

The history of furniture design emerges from the history of kings and queens, established 
and emerging societies, furniture makers, furniture designers, architects, interior designers, 
industrial designers, artists, historians, entrepreneurs, and consumers. Throughout history, 
furniture has helped people sit, rest, work, play, organize their possessions, and partition 
space. Furniture includes all the conceivable variations of freestanding objects made to meet 
these functional needs as civilizations have developed.

Furniture design reveals the thinking about and the making of useful items,  encompassing 
evolving technologies, materials, and available resources that shape and, in turn, are shaped 
by cultural, political, and economic factors. So the history of furniture design is really a 
 chronology of how societies have designed, fabricated, and used an enormous anthology of 
furniture. If we seek to understand the challenges and conditions encountered in contempo-
rary furniture design, we should look at the historical path that has shaped it thus far.

What was the fi rst object used as furniture? Was it the ancient Egyptian coffi n fabricated 
from wood and adorned with gesso, paint, jewels, enamel glass, and gold to preserve the 
body for the afterlife? Or was it a stone ledge in a cave that Cro-Magnon man slept on? 
Was it a tree stump used to rest? Was it a transportable or stationary element used 
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to organize possessions? Was it left natural or worked by hand tools? When did furniture 
makers become furniture designers? What distinctions exist between handcrafted pieces 
and mass-produced pieces? In what societies does furniture serve the middle class or the 
poor, not just the affl uent? Was the primary purpose of the fi rst formal sitting devices to 
rest or work, or was status and authority the primary purpose of these sitting devices? 
Refl ecting upon these questions generates an understanding about the nature of furniture 
design and the paradigms that shape its written history.

Consider the prehistoric stone houses at Skara Brae (circa 3500–2600 BCE), located on 
Pomona, the largest of the Orkney Islands north of Scotland. A prehistoric civilization built 
structures here entirely out of stone. What remains today are the built-in seats and platform 
sleeping spaces. In a harsh climate, these ancient buildings provoke some questions: Was 
furniture an inherent part of the structure of these dwellings? Did freestanding furnishings 
even exist? Though there is evidence of furniture in societies that predate the stone houses at 
Skara Brae, the image of a stone dwelling with interior stone platforms and no freestanding 
objects (Figure 10.1) raises further questions: Can architecture alone accommodate the 
functional and utilitarian needs of daily life relying solely on platforms and built-in cabine-
try? Do we need furniture? If furniture is inherently architectural, then what impact might 
mass production and industrialization have on architecture and interior design?

The notion of furniture’s developing from an architectural lineage is widely accepted—
especially among architects. Architectural practitioners and theorists from the past, including 
Marcus Vitruvius Pollio (fi rst century BCE), Leon Battista Alberti (1404–1472), and Alvar Aalto 
(1898–1976) have developed theoretical frameworks that address the subject of furniture 

Figure 10.1 House interior at Skara Brae, c. 3500–2600 BCE. Note the stone seat and two-tiered stone cabinet attached 
to the layered and dry-stacked stone wall beyond. Photography copyright © Roger Butterfi eld.
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design. Their writings, along with their built work, have infl uenced generations of designers. 
The Finnish architect Alvar Aalto explained:

A lamp and chair are always part of an environment. It has usually been like this: When 
working on the construction of a public building, I noticed that such furnishings and 
appliances were necessary to create the right unity, and then I designed them. The fact 
that later on they can also fi t into another environment is another story.2

Aalto designed Stool 60 in 1927 for the library he designed in Viipuri, Finland (see Chapter 4). 
Since then, over one million stools have been sold worldwide and are still in use today.

Furniture has deep architectural roots, reinforcing the concept of place and completing 
interior space, but it is also tethered to industrial production and craft. Driven by a combina-
tion of structural, utilitarian, and aesthetic concerns, furniture reveals a chronology of ideas 
beginning with the earliest societies that existed over 8,000 years ago.

THE EARLIEST CULTURES

Ancient Nomadic Societies

Before there were settled civilizations, there were nomadic societies. Before there were 
temples and houses, there were people living in tents, earth-mound structures, and caves. 
People traveled about freely as weather and terrain permitted.

Nomadic societies existed around the world and likely made a series of artifacts designed 
to make life better—physically, functionally, and spiritually. But what were their furnishings 
like? How did furniture help members of ancient nomadic societies in daily life?

Nomads can be categorized into three groups:

1. Hunting and gathering nomads (e.g., the African Pygmies, Cheyenne and Navajo 
Indians, Australian Aborigines, and indigenous people of Southeast Asia would 
have followed this way of life). These nomads moved from place to place to hunt 
animals and gather wild plants.

2. Pastoral nomads (e.g., the Bedouin of Arabia and northern Africa, the Fulani of 
Niger in western Africa, and the Hopi of the North American Southwest). These 
nomads traveled to fi nd water and pasture lands for their herds.

3. Nomadic craft workers and merchants (e.g., the Lohar blacksmiths of India and 
the Gypsy traders of Eastern Europe). These nomads traveled seasonally to provide 
services.

Most nomads traveled in groups called tribes, clans, or bands. People ate, gathered 
socially, squatted to sit, and slept on the ground in tents, huts, and caves. Activities often 
occurred around a central fi re.

Nomadic peoples had natural hide containers, which may have been one of the fi rst 
indispensable articles of furniture for the storage of possessions. They also had wooden 
furnishings, textile rugs, and hammocks used for sleeping. Furniture had to be portable, 
easily dismantled, and light enough to carry long distances.

Prehistoric World Settlements
Under the conditions that existed in primitive civilizations, people needed a constant water 
supply and reasonable climatic conditions for settlements to root. It was not only in 
Mesopotamia and the Nile Valley that people were settling down to agriculture and the 
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formation of settlements in the millennia between 6000 and 3000 BCE (Figure 10.2). Along 
the upper Tigris River, the Assyrians were founding cities. In the valleys of Asia Minor and 
on the Mediterranean shores and islands, small communities developed into civilizations. 
Archaeological discoveries in southeastern Europe dating back 5,700 years include depic-
tions of people (women) seated on devices that resemble chairs. Parallel developments were 
occurring simultaneously in regions of India, China, and the Americas.

As settled societies developed an infrastructure to produce functional possessions such as 
textiles, storage containers, and fundamental furniture pieces, inevitably trading developed.

PREHISTORY TO ANTIQUITY

Ancient Egypt

Early Dynastic Period (3100–2575 BCE)
Egypt evolved from an unsettled society into a politically secure, economically strong, tech-
nologically advanced, and culturally unifi ed civilization along the Nile River. Egypt was, and 

remains today, a land of few trees, but examples of 
wooden furniture have been preserved because 
they were buried in the tombs of kings and queens. 
Clearly, central trading among societies from differ-
ent regions occurred in Egypt. Wood was imported 
and furniture was exported to neighboring coun-
tries. Craftsmen learned how to make and decorate 
a variety of freestanding furniture pieces (Figure 
10.3). The furniture known to us from the Early 
Dynastic Period was well crafted, ornate, and fabri-
cated using several materials. Craftsmen used a 
range of hand tools to manipulate wood, stone, 
metal, and glass. So important were the fabricators, 
along with the furnishings they made for the ruling 
society, that craftsmen were buried in royal tombs 
along with their tools.3
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Figure 10.2 Map of the ancient world. Map courtesy of Corky Binggeli, Interior Design: A Survey (John Wiley & Sons, 
2007).

Figure 10.3 Egyptian craftsmen. Photography courtesy of John Stork.
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Signifi cant knowledge about furniture making existed in the fi rst Egyptian Dynasty 
(3200–2980 BCE), based on evidence of the skill used to make mortise-and-tenon, dovetail, 
and miter joints, copper and bronze fi ttings, and chests with bolted systems. Tools included 
mallets, copper and bronze saws, axes, chisels, adzes, and drills. Adzes were used to plane 
wood similarly to the way we use hand planes today. It is interesting to note that the hand 
tools and fabrication methods used in ancient Egypt remained constantly in use up to the 
early nineteenth century. The materials and tools used in ancient Egypt reveal a desire to 
fabricate beautiful, long-lasting pieces. The high quality of the workmanship indicates a 
culture thoughtful about design.

Danish professor Dan Svarth spent years researching, drawing, and modeling Egyptian 
furnishings at a 1:5 scale (Figure 10.4). He concludes that the ancient Egyptians used steam-
bending technology to shape and form wood for their chariots and furniture. This is the fi rst 
record of steam-bending technology used in the fabrication of furniture.

Ancient Egypt was a place of historical beginnings, many of which have infl uenced the 
history of furniture design in regard to typology, social status, form, and material. 
Signifi cantly, 2600 BCE is the date of the fi rst known furniture designer. He was an Egyptian 
priest named Hesyre and was known to have designed furniture using 1:1 scale drawings 
of beds and other furnishings found at his tomb.4

Native Egyptian woods included acacia and African ebony, while cypress and cedar were 
imported from Syria and Lebanon.5 Carved African ivory was commonly incorporated into 
the legs of furniture. Ebony, due to its density and stability, enabled veneer techniques 
to develop. The use of these materials in furniture illustrates a desire for stability and also 
points to active regional trade, experienced craftsmen, and the signifi cance placed on eat-
ing, sleeping, and the afterlife.

Figure 10.4 Models at 1:5 scale of 
Egyptian furnishings made by Professor 
Dan Svarth. Photography by Jim 

Postell, 2006.
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Old Kingdom (2575–2134 BCE)
During the Old Kingdom, wooden coffi ns were fabricated with butt and miter joints secured 
with wooden dowels and shoulder miters. While dovetails, scarf joints, and halving joints 
were used, miter and shoulder miter joints exhibited sophisticated joining techniques, 
revealing how innovative the Egyptians were in using fabrication techniques. Whether the 
Egyptians invented these techniques or learned them from other societies, they increased 
the quality of workmanship and established a precedent for working with hand tools that 
lasted for millennia.

In 1925, a suite of furniture was discovered in a chamber within a pyramid and tomb 
built for Queen Hetepheres and her husband and Pharaoh Snefru, ca. 2300 BCE. The suite 
of furniture included an armchair with animal legs, a bed, headrest, framing members to 
support draperies, a box to store the drapery, and a box for jewelry.

Beds and cosmetic boxes were used by both royalty and common people. Three- and 
four-legged stools were portable, practical, and easy to fabricate. Other furniture typolo-
gies from the Old Kingdom include bed platforms, chairs, game furnishings, storage 
chests, and tables. Storage chests were used as containers for clothing, cosmetics, house-
hold items, and jewelry. Most people slept on fl oor mats, but bed frames were used by 
the privileged. Bed platforms had elaborate footboard panels incorporated in their design, 
and rigid headrests were applied to support the head at the open and lower end of the 
platforms (Figure 10.5). By the New Empire (1550–1069 BCE) painted wood furnishings 
were common (Figure 10.6). Tables were generally rectangular and used for display, work, 
and dining. Smaller offering tables were fabricated with remarkable craft, often out of 
stone (Figure 10.7). Straight-backed and reclining chairs, with and without arms, were 
made of wood. Surviving chairs from various tombs illustrate beautifully carved open 
work, painted and decorated examples that incorporated gilding, inlay, and veneer 
work.

Basketwork was made of coiled fi bers, including palm, papyrus, reed, and alfalfa grass. 
Relatively small, low X-chairs were made resilient with interlaced cords and leather thongs 

Figure 10.5 Egyptian headrest made of wood. Photography courtesy of 

Cincinnati Art Museum. Gift of the Cincinnati Museum of Natural 

History and Leland Banning. Accession No. 1990.1914.

Figure 10.6 Coffer (storage box) painted wood. New Empire, 
1550–1069 BCE. Photography by Jim Postell, 2011.
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(Figure 10.8). The use of grasses and plants in furniture illustrates that the Egyptians considered 
comfort in the chairs found in their tombs (Figure 10.9).

Archaic and Classical Greece

From 600–404 BCE, the city-states of ancient Greece fostered an overall spirit of inquiry and 
sought scientifi c and philosophical solutions to problems of daily life. Much of our under-
standing of ancient Greek furniture is based on the few surviving pieces on display in muse-
ums, as well as the representation of furniture on painted vases and incorporated in 
sculptural relief. These artifacts provide knowledge regarding the fabrication and use of six 
types of Greek furniture:

 � Chests
 � Diphros (footstool)
 � Kline (reclining couch)
 � Klismos chair
 � Trapezai (tables)
 � Thronelike chair

Figure 10.7  Egyptian small, round offering table, made of alabaster. 
Photography courtesy of Cincinnati Art Museum. Gift of L. Dow 

Covington. Accession No. 1909.92.

Figure 10.8 Drawing of an Egyptian stool. Photography 

courtesy of John Stork.

Figure 10.9 Chairs, stools, tables and storage chests taken 
from an Egyptian cemetery located in front of Deir el-Medineh 
(1450–1350 BCE). Photography by Jim Postell, 2011.
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Greek furniture was used in a combination of practical and ceremonial functions tied to 
its developing democratic society, indicative of an egalitarian civilization. Most pieces were 
used for sitting, lounging, and eating (Figure 10.10).

Greece had an abundant supply of timber. Wood species such as beech, citrus, maple, 
oak, olive, walnut, and willow made it unnecessary to use veneers. Marble and bronze were 
used in conjunction with or as a replacement for wood in special furniture pieces, which 
denoted their importance for special functions. Wood joints were held together with ten-
ons, hide glue, and nails. Carved, worked, and inlaid ivory, ebony, precious stones, and silver 
were common ornamentation for couches, chairs, and chests. In addition to the range of 
existing Egyptian tools, the Greeks improved upon the Egyptian hand plane. The introduc-
tion of the lathe around 700 BCE enabled furniture legs to be turned.

The Greek kline was a couch with a headboard and footboard. It was usually made of 
wood (maple or olive) and sometimes made of metal (iron or bronze). It was used occasionally 
for eating with another person or reclining alone. Klinai were typically located in a room 
used for dining that later evolved into the Roman triclinium. For dining, a low table was used 
to hold food at the level of the recliner and could slide under the kline when not in use. The 
kline serves as a typological model for the contemporary recliner, as is evident in the origin of 
the word recline. It also is similar to the modern chaise longue, used for sleeping, eating, 
lounging, or conversing.

The thronos was a chair of honor for the most important person present. It was used in 
both domestic environments and ceremonial environments. Lekthoi (loosely covered 
couches) were common but are not technically considered upholstery, which developed 
several hundred years later. The klismos (Figures 10.11 and 10.12) was a wooden armless 
chair with outwardly curved legs. Over the course of several hundred years, the klismos side 
chair became remarkably well proportioned and was associated with domestic Greek life 
between 700 and 400 BCE, as is evident in surviving Greek art and pottery decoration (see 
Chapter 4).

The diphros was a stool without arms or back (Figure 10.13). It was made of wood. There 
were two types: one with fi xed legs, the other with folding legs. Those with fi xed legs had 
cylindrical legs turned on a lathe rigidly fi xed at the four corners of the stool. Those that were 
folding had two pairs of legs crossed in an X shape and hinged together in the middle. The 
legs were often shown in the profi le of deer feet. Diphrai were used indoors and outdoors.

Figure 10.10 Decorated plate showing Greek reclining furniture.

Figure 10.11 Klismos chair 
painted on a Greek vessel, 
circa 350 BCE. Photography 

courtesy of John Stork.

Figure 10.12 Interpretation of a 
Greek klismos chair fabricated by Kaj 
Gottlob (ca. 1921). Photography by 

Jim Postell, 2006.
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Etruria

Etruria was a prosperous settled society of linked city-states 
in northern Italy between 600 and 300 BCE. The Etruscans 
had established trade with Greece. Etruscan ideas about 
furniture design were adopted from Magna Grecia. The 
remains of magnifi cent murals from Etruscan tomb paint-
ings, such as those from the towns of Cerveteri and 
Tarquinii, provide considerable insight into the comforts of 
the Etruscan way of life. The furnishings found in the 
carved and painted tombs reveal the importance placed 
upon the afterlife, though early tombs contained urns for 
ashes, not coffi ns for bodies.

A recurring theme in Etruscan tomb murals is the 
banquet—part of the religious ceremony at funerals. After 
the formal funeral ceremonies were complete, the relatives of the deceased would have 
been treated to a banquet, which the spirit of the departed was believed to attend. In 
Etruscan life, the banquet was a status event, indicating that the hosts had “arrived” in the 
estimation of the social elite. Lavish receptions were provided, at which the guests reclined 
on couches, were waited on, and were entertained by musicians and dancers. Tables were 
covered with embroidered tablecloths on which dinner courses were served. The impor-
tance of the meal gave consequence to the furnishings used for dining.

Evidence of craftsmen working in wood, stone, bronze, textiles, and painting abounds. 
With the availability of bronze, a number of bronze chests, hardware, weapons, and domes-
tic accessories, such as candlesticks, were fabricated as early as 700 BCE. The workmanship 
and design of small bronze tables were remarkable in their circular form, supported by paw-
shaped feet and engraved with fi gures.

The Etruscans were active in the trading network surrounding the Mediterranean Sea. 
Their bronze artifacts have been identifi ed as far west as Madeira, Spain, and as far north 
as Hassle, Sweden. This is an important point, demonstrating that furniture and furnishings 
have cultural and societal value as well as economic value. Through the exchange and trade 
of furniture, civilizations and societies adapted each 
other’s cultural values.

The Romans

The Roman Republic (Figure 10.14) was marked by 
expansion based on military strength and economic 
trade. Greece came under centralized Roman rule in 
146 BCE and began to infl uence Roman culture, includ-
ing its architectural style and design vocabulary. Roman 
furniture was more elaborate than earlier Greek 
models. With the rise of the merchant class, the military 
class, and Roman citizenship, furniture began to func-
tion as a status marker, as described in Petronius’s 
Satyricon, a Latin work of fi ction, written in prose 
and poetry.

Figure 10.13 The image on a clay vase indicates a man seated on a hinged, 
folding diphros okladias. Paintings on similar Greek vases often show a 
privileged Greek followed by a slave carrying his master’s stool 
(diphros). Photography by Jim Postell, 2011.
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Figure 10.14 Map of the Roman Empire. Courtesy of Corky Binggeli, 

Interior Design: A Survey (John Wiley & Sons, 2007).
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The furnishings of the Roman house were as elegant as the house itself. The Romans’ 
settled mode of habitation resulted in new furnishings for the home (Figure 10.15). These 
furnishings include:

 � The lectus (couch used for sleeping or dining)
 � The fulcrum (a headboard for the lectus)
 � The sella (a popular folding stool made of wood or metal)
 � The mensa (a low dining table)
 � The klinium (couch used solely for dining with surrounding klinia)

For some, couches were inlaid with ivory, bone, and silver. Tables were inlaid with metals 
and precious stones. Bronze tripods served as end tables. Cabinets were fabricated with 
pigeonholes for rolled manuscripts. Rome was the place where the cupboard fi rst developed 
because dishes and domestic accessories created the need and desire for increased display 
and storage. Small tables were fabricated of bronze, wood, and marble.

Our knowledge of Roman furniture also derives from the fresco paintings at Pompeii 
and Herculaneum, sarcophagi, and surviving examples made from marble, bronze, exotic 
woods, ivory, gold, and silver. In addition to the expanded realm of interior furnishings, 
outdoor furniture began to fl ourish in conjunction with the use and popularity of 
courtyards.

EARLY CHRISTIAN AND ISLAMIC CULTURES

Throughout medieval Europe and Asia, regional development thrived as clustered areas 
banded together politically and culturally. In 330 CE, the Roman Emperor Constantine 
placed the new seat of the Eastern Roman Empire at Constantinople. With the new govern-
ing center, a developing Christian culture emerged throughout eastern Europe and Asia 

Figure 10.15 Roman study with furniture. Image credit: Thomas Hope, Hope’s Greek and Roman Designs 

(Dover, 2005).
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Minor. Christian culture fl ourished, leading to the building of new churches and cathedrals 
and monastic interiors throughout Byzantium (Figure 10.16).

The stone that was used in the architecture around the area of Constantinople was 
superbly carved and revealed the desire to build permanent buildings. Ivory was commonly 
used in furniture, usually in the form of thick veneers. Carved ivory chairs from the sixth 
century were built like a box with the arms and back attached. Four-poster beds designed for 
drapery canopies were created at this time because of the need and desire for privacy and 
warmth. Generally, these furnishings were fabricated for the wealthy and the ruling class.

Emergence of Islamic Furniture (circa 610)

The roots of Islamic furniture can be traced to pre-Islamic and Persian societies, which had 
functional, simple furniture that later developed into more artistic and complex designs 
before 610 CE. In Islamic society, much of one’s life was spent on the fl oor; therefore, the 
rug was considered one of the greatest possessions in a household and was used as furni-
ture (Figure 10.17). People often slept on mattresses on the fl oor that were folded and 
stored in cupboards during the day.

The use of ornamentation was prevalent in pre-Islamic design and appeared in woven 
textiles as well as in carved and inlaid chests. The four basic types of ornament are calligra-
phy, vegetal patterns, geometric patterns, and abstract fi gural representation. This type of 
ornamentation was referred to in Europe as arabesque and was popular as a style until the 
early seventeenth century. (Although fi gural representation is prohibited by the Koran, 
abstract fi gural images do exist in woven rugs.) All four types of ornament assist in telling 
stories that preserve Islamic history.

Geometric ornamentation reached a pinnacle in the Islamic world. Sources for the 
shapes and patterns existed in late antiquity among the Greeks, Romans, and Persians. The 

Figure 10.16 Byzantine 
writing table. Courtesy of 

Corky Binggeli, Interior 

Design: A Survey (John 

Wiley & Sons, 2007).

Figure 10.17 Islamic prayer rug. Photography 

by Jim Postell, 2006.
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four basic shapes from which complicated patterns were constructed are circles, squares, 
the star pattern, and multisided polygons.

For centuries, Turks lived in Central Asia as a nomadic community in circular tents called 
yurts (Figure 10.18). Starting in the eleventh century, they began migrating to Anatolia and 
began to settle. As a result of their settled life in Anatolia, the Turks developed the Turkish 
house, which in turn generated an array of furniture types shaped by their culture, tradi-
tions, and needs.

Anatolian Turkish houses were sparsely furnished before the thirteenth century. 
Furnishings were fi xed and dependent on the architecture in the form of shelves and built-in 
closets. However, the besik (cradle), kavukluk (shelf support for the headpiece of a religious 
cleric), rahle (support for the Koran), sandik (chest), and sehpa (stool) were used as portable 
furniture.

In a Turkish house, a child’s fi rst bed was the besik (cradle). Since it was designed to rock 
back and forth, the edges were shaped like an arc, above which was a holding bar with a 
covering raised or draped on the sides.

The kavukluk is a shelf composed of two or three elements and mounted on the wall in 
a home at the height of an average person. The traditional purpose of the kavukluk was to 
support the headpiece of a cleric, but it also is used as a shelf to support lamps and lighting 
equipment.

The rahle became a common type of furniture with the introduction of the printing press 
and the availability of the Koran to the masses (Figure 10.19). It is designed for a person to 

Figure 10.18 Turkish family 
members sitting on a rug in front 
of their yurt. Photography 

courtesy of Library of 

Congress, Prints & 

Photographs Division, 

Reproduction No. 20086u.tiff.
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read the Koran and other books in a restful, sitting posture. The 
rahle is a small, often collapsible support, composed in an X 
shape that is formed by the insertion or folding of two wooden 
panels. Some rahles are stationary and incorporate horizontal 
desks and drawers. Originally, Korans were written on parch-
ment paper using large characters, which resulted in volumes of 
great size and weight. The early rahles were therefore large, and 
some were designed with seats. They were adorned with valu-
able materials and hand-carved decoration.

The sandik was a chest used to store goods, clothes, various 
objects, food, and holy mantles. Most were made of wood that 
was carved, embroidered, inlaid, painted, or covered with fabric. 
Each chest had a unique lock system, and some had small 
compartments.

Mattresses used for sitting in nomadic Turkish tents were called 
sedirs, and these developed into divans after Turks settled in 
Anatolia. Divans were placed against interior walls in order to create 
space in the middle of the room. Surrounding the inside wall of a 
room, divans were upholstered with various textiles and carpets for 
comfort. Serving as models for thrones, they were produced with 
wooden splats and decorated with oriental motifs. Divans were 
later called ottomans or sofas by Europeans and Americans.

Functioning as a device to carry the tea or coffee service tray, 
sehpas were proportional to the divan in size and were located 
next to, or in front of, the divan. They were either hexagonal or octagonal. Their tops were 
inlaid with tortoise shell, mother of pearl, ivory, gold, silver, or tile.

Woodworking techniques including openwork carving, mortise-and-tenon joinery, inlay-
ing, overlaying, and painting were common decorative practices. Mother of pearl, ivory, 
tortoise shell, antler, and gold gilding were materials of decoration. Shellac, gum lacquer, 
wax, and special varnishes were also used. During the period of the Ottoman Empire, 
furniture-manufacturing centers were established in Bursa, Edirne, and Istanbul (capital 
cities). Each manufacturing center had its own style, and the furniture produced was named 
according to where it was manufactured, such as Istanbul work, Adalar work, Edirne work, 
or Üsküdar work.

Medieval Societies

The Romanesque period is marked by the spread of Christianity as a unifying culture through-
out Europe, grafting pagan art from the north onto the more classical styles of the south. 
During this period, the Roman Catholic Church grew in power and infl uence despite the 
relocation of the papacy to Avignon, France, during the 1300s. Much that survives today 
from the Romanesque period is ecclesiastical, but there were relatively few differences 
between ecclesiastical and secular pieces other than the level of ornamentation. Many of 
the furnishings from this period were designed for the ruling class and the wealthy; most 
people still sat on rugs, platforms, simple stools, and the ground.

During the medieval period, regions utilized available natural resources and relied less 
on trade. It was during the Romanesque period that walnut was harvested for furniture in 

Figure 10.19 Rahle, Semsi Pasa Mosque; architect: Mimar Sinan, 
1580. Image courtesy of Inci Ilgin.
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Italy, Spain, and France. Walnut is an excellent wood for carving and turning, and it is not 
surprising that Italy, France, and Spain produced beautifully carved walnut furniture. Oak 
was popular in Britain and the Netherlands. Oak is more diffi cult to carve than walnut, so 
furniture from Britain and the Netherlands was generally not as elaborately carved. Pine and 
fi r were common in Scandinavia and were carved easily. Scandinavians have enjoyed a long 
and rich heritage in the crafts going back to the beautiful and elaborate Nordic/Celtic carv-
ings on their long boats and in their architecture.

At the time of the Norman invasion of Britain (1066), castles contained tapestries for 
warmth and aesthetics, yet they were sparsely furnished. The transient nature of political 
power and economic wealth, in conjunction with the ongoing reality of war and disease, 
offers some explanation for the sparsely furnished interiors during this time.

Gathering at the dining table was a social activity. Social dining usually occurred in the 
great hall of a castle. Social status was reinforced by where people sat. Often, the king was 
seated under a tapestry, or his table was denoted in some manner. The spatial location of 
the table was also important, with the king’s table placed at one end of the room. Trestle-
type tables were fabricated from oak, making it easy to add or delete extensions, depending 
on the number of persons attending. These tables could be taken apart and stored when 
not in use.

While the medieval period saw the establishment of states and regional governments 
throughout Europe, furnishings remained transportable, by necessity, during these uncer-
tain times. Words describing furniture during this time reinforced the concept of mobility. 
The Italian word mobili, the French word meubles, the German word möbel, and the Turkish 
word mobilya all refer directly to furniture.

One of the large stationary pieces of furniture in medieval Europe was the armoire. 
The word armoire is derived from the word, armory. Armories were initially fabricated for 
holding armor and weapons. Over time, armories evolved into domestic furniture used 
for storing textiles and clothing. They were either built-in or freestanding, often painted 
inside and out in a provincial manner. They typically had one iron-hinged door. Due to their 
size and complex fabrication, several trades were employed in their fabrication. During the 
medieval period, armoires extended from northern Europe to the Alps. Particularly impres-
sive Gothic armoires (kas) came from an area known today as Germany.

The stool was a standard piece of furniture during the Middle Ages. The X-shaped stool 
that was rooted in Greek tradition was referred to as a cathedra, implying authority for 
those who sat upon it. The term cathedral denoted the place where a bishop presided in 
church. In order to be a cathedral, a church had to contain the bishop’s chair, or cathedra. 
The bishop’s chair had an associated authority, and this concept has been passed down to 
current practice.

The chair of estate, reserved for the ruling lord, typically utilized a folding X form. The 
importance of the chair, with arms as a symbol of authority, is a signifi cant iconic reference 
that this piece of furniture has held up to the present. Chairs indicated rank and had 
embellishments incorporated in their designs to denote the hierarchy of family lines. During 
the Middle Ages, stools and benches were common forms of seating, and chairs were 
reserved for those with high social status. Today, an endowed chair gives special acknowl-
edgment in academic research and in the culture of committees; the one presiding over 
the group is called the chair or chairperson. These examples are cultural successors of the 
Middle Ages.

Hand-carved Gothic chests, known as wooden coffers, grew in popularity throughout 
Europe and reached the height of their popularity by 1250. Metal hardware was added to 
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wooden chests and securely wrapped the coffers. Their hardware, size, and decorative 
handwork distinguished the Gothic chests from earlier medieval chests.

Italian chests, known as cassoni, were uniquely personalized with carving, painting, or 
inlay work. Their form and decoration helped express personal identity, distinguishable 
among families.

The box-seated chair, popular in England, France, and the Netherlands, had a high back 
and enclosed arms. It typically incorporated a storage area under the seat. It was fabricated 
with panels beveled at the edges to enable a somewhat loose fi t into rails and stiles of the 
frame. This joinery was common during the fi fteenth and sixteenth centuries and repre-
sented a signifi cant shift in fabrication technology, moving from dovetails and miter joinery 
to carpentry and building skills.

During the early Tudor period in England, a furniture type known as an aumbry was 
located in the bedchamber to store an overnight ration of food and refreshment. The 
Episcopal term aumbry describes a liturgical furnishing used for storing the wine and bread 
of communion. The term ambry describes the container of the holy oils used for the distri-
bution of the sacraments in a Catholic church. All have the same etymological root and 
emphasize the storage of food for common or ecclesiastical activities.

A signifi cant typological division emerged in the fourteenth and fi fteenth centuries involving 
two distinct types of buffets. One was a large buffet with stepped tiers for a grandiose display 
of household possessions. The other was smaller, with fewer tiers that were not stepped. Both 
types were used to display a growing collection of silver plates and glasses used for dining as 
well as formulating a visual class distinction by the display of trea-
sures. Buffets and other household furnishings began to transform 
the home into something more than a place of shelter from the 
natural elements. As the home and social life in cities became 
secure, industry and population began to fl ourish.

The Coronatia Chair at Westminster Abbey (1420) is one of 
the few furniture pieces that was fi rmly attributed to a known 
master working under the order of King Edward I. Master Walter 
of Durham is the second individual credited with designing fur-
niture in Western society. The recognition of design as a profes-
sional endeavor is signifi cant and serves as a transitional link 
from the Middle Ages to the rebirth of fi fteenth-century Europe.

THE RISE OF EUROPE

The Renaissance

An emerging Renaissance had begun in Europe by the early fi f-
teenth century. The rebirth is often cited to have originated in 
Florence, marking Filippo Brunelleschi’s (1377–1446) completion 
of the dome for the cathedral in 1420 (Figure 10.20). Science, 
engineering, mathematics, human anatomy, perspective draw-
ing, and new materials fueled a rebirth in the arts, furniture 
design, and architecture. The artist began to be admired as an 
inspired creator, which serves to mark the birth of the designer 
as understood today.

Figure 10.20 Il Duomo, Florence Cathedral, Brunelleschi et al., 
1420. Photography courtesy of Patrick Snadon.
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Craft guilds dominated the workshops during the Renaissance. Instead of igniting sci-
entifi c and artistic revolution, they restricted exploration and experimentation in design. A 
joiner was not allowed to inlay. Engravers were not allowed to do carpentry. Designers did 
not fabricate. Craftsmen had to satisfy their guild and did not venture beyond their pre-
scribed division of labor. The segregation of skills generated excellence in workmanship 
within specifi c trades but signifi cantly limited creative exploration. The Renaissance marked 
the beginning of an important division between “hand” and “head,” between art and sci-
ence, and between craft and theory. It was a time in the history of furniture design when 
specialization and division of labor prevailed. Furniture produced during this period had 
carvings and scrollwork, and was often made from walnut.

Leon Battista Alberti (1404–1472) was a renowned architect and architectural writer 
who embodied the Renaissance in his built work and written treaties. He established 
principles that defi ned beauty as “the harmony and concord of all the parts achieved in 
such a manner that nothing could be added or taken away or altered except for the 
worse.”5 Ornament, according to Alberti, “gave brightness and improvement” to 
the works. He inspired many furniture makers to incorporate decorative motifs into fur-
niture using proportional systems and a classical repertoire. Alberti had strong ideas about 
architecture, art, and design, though his ideas were not new. He adopted ideas from the 
famous Roman writings of Vitruvius and Aristotle. Alberti’s success as an architect and his 
infl uence as a writer illustrate how signifi cant the dissemination of historical knowledge 
can be.

Social distinctions were important during the Renaissance. Many furnishings were 
designed to express social status. Particular pieces included the armoire, bed, buffet, cradle, 
and marriage chest. For royal events and important social or political ceremonies, furniture 
was useful to denote class and rank. The canopy bed (Figure 10.21) recalled the canopy 
thrones used by kings. It extended beyond the need to create privacy and warmth for the 
sleeper. The canopy’s material, size, and design expressed social status.

Figure 10.21 Canopy bed for 
Christian IV, Kronen Slot, 
Denmark. Photography by Jim 

Postell, 2006.
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The cassone was a chest. It could be made small for storing jewelry, used for storage 
while traveling, or made large to serve as a wedding or dowry chest. Traditional marriage 
chests were carved, gessoed, gilded, or painted to tell a story about the families of the 
couple being wed (Figure 10.22). They were typically produced in sets of two. One was 
fabricated for the bride and the other for the groom. They were quintessentially mobile, 
traveling with the bride and groom to establish their new home. These dowry chests became 
principal interior furnishings that contained the bride’s dowry and the couple’s personal 
possessions and were displayed prominently in the home. This tradition was carried into the 
twentieth century as a hope chest to store household textiles and items, but it became more 
of a repository for symbolic or decorative memorabilia.

The credenza found its way to the home from a religious environment, then back again. 
The credenza is a sideboard, often draped in cloth to assist in dining, but it is related to the 
contemporary liturgical Catholic credence table, which is a small table located near the altar 
upon which the communion meal is placed before mass (Figure 10.23). Both terms share 
the Latin root credere, meaning “to believe.”

Figure 10.22 Italian cassone, c. 1460. 
Courtesy of Cincinnati Art Museum. Gift of 

Mrs. Daniel H. Holmes in memory of Daniel 

H. Holmes. Accession No. 1933.9.

Figure 10.23 Credence table, chapel, Sisters of Mercy, 
Belmont, North Carolina. Photography by 

Jim Postell, 2002.
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During the 1400s, X-shaped folding chairs were popular for an informal and relaxed 
posture. In response to a growing desire for a more relaxed posture for the wealthy, two 
seating types emerged. The fi rst was the lit de repos, a daybed with a raised back for day-
time reclining. The second was a small, armless stool-like chair called the sgabello. The 
sgabello was a light, three or four-legged wooden chair used primarily for dining.

By 1500, the Italian Renaissance had a signifi cant impact on European art and design, 
especially among German artists. Albrecht Dürer visited Italy from Nuremberg and Augsburg. 
His prints and engravings helped to popularize Roman classicism in Central Europe. An 
emerging demand for classical furnishings generated an organization among craftspeople 
to legislate both the design and fabrication of classical pieces. The growing legislation 
resulted in a network of craft guilds throughout Europe. These guilds controlled the stan-
dards of quality in the fabrication of furniture (Figure 10.24).

Spanish, Portuguese, and Dutch seafaring expeditions resulted in the import of exotic 
materials. As a result of Dutch trade with the Far East and West Indies, ebony became avail-
able in limited supply to decorate plain oak furniture. Because ebony is an exceptionally 
strong wood, thinner members could be used, making it an excellent choice for inlay work 
and veneering.

Walnut was abundant in southwestern Europe and a source of export for France and 
Spain. The increased availability of walnut provided carvers with greater opportunities to 
depict elaborate forms in furniture, built-ins, casework, and case goods.

Figure 10.24 Emerging 
guilds. Photography courtesy 

of Erik Skoven.
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During and following the Renaissance, published treatises 
and pattern books became popular throughout Europe due to 
the invention of the printing press in the mid-fi fteenth century 
and the prevalent use of woodcuts. Eight books by the Italian 
architect Sebastiano Serlio (1475–1554) were translated into 
English, French, and German. The illustrations in his architec-
tural treatises about proportion and geometry had a signifi cant 
infl uence on architects, designers, and fabricators throughout 
Europe. The French designer Androuet du Cerceau (1520–
1584) published furniture engravings that infl uenced the use 
of carving in major European centers. In 1550, du Cerceau pre-
sented objects with classical ideas of proportion that were over-
laid with geometric patterns and representations of human and 
animal fi gures. Hughes Sambin (1520–1601), an architect, 
wood carver, and furniture maker, published a book on the 
diversity of the fi gures used in architecture. Sambin’s book 
inspired fi gural representation, not only on many sculptural 
pieces of furniture, but also in the development of carving in 
low and high relief.

Craftsmen drew inspiration from Lorenz Stör’s Geometria et 
Perspectiva (1567). This publication contained images of geo-
metric forms intended to serve as perspective studies specifi cally 
for craftsmen working in wood, showing images of formal stud-
ies juxtaposed against a background of classical ruins.

With an increase in the number and type of articles of cloth-
ing that an affl uent person wore, the dresser and armoire 
became signifi cant furniture types in France and Italy around 
1550. The armoire was larger than the dresser and was a precur-
sor to the wardrobe closet (Figure 10.25). Related to both the dresser and armoire was the 
cupboard, a paneled box, either freestanding or wall mounted, for storing equipment 
and food used in dining. These large furnishings caused fabricators to rely on more tradi-
tional carpentry skills, and this evolution generated further specialization and division of 
labor within the French, Italian, and German furniture centers. During this time, furniture 
companies began to emerge as a new industry. Through the resources available to a furni-
ture company, guilds could work together in one organization to produce a variety 
of furniture.

The movable table with elaborate supports, connected by stretchers and typically cov-
ered with a carpet, became a popular furniture type in the sixteenth century. Movable and 
transformable tables and chairs (i.e., the gateleg table and the chair-table) responded to the 
desire for fl exibility in social and utilitarian function. This worked well in domestic settings, 
where houses were still quite small and rooms had multiple functions.

Antwerp, Belgium, was a center for the making of veneered and painted cabinets. These 
cabinets were worked in ebony or ebony veneer, with painters specializing in depicting 
mythological or classical scenes. Surrounding cities such as Amsterdam and Brussels fol-
lowed Antwerp’s lead in producing painted and veneered furniture.

Textiles were used to cover Dutch tables during this period and became one of the chief 
forms of social and class display. As a result, textiles were prominently used within residen-
tial and commercial interior spaces as tapestry wall hangings, and as area rugs. Amsterdam 

Figure 10.25 Dutch seventeenth-century wardrobe closet. Courtesy 

of Cincinnati Art Museum. Gift of Mr. And Mrs. Lucien Wulsin. 

Accession No. 1951.295.
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was becoming a furniture-making center in tandem with its emerging political and growing 
economic base during the fi fteenth century. This generated a prolonged focus on textiles 
incorporated in furniture design, which eventually led to the development of upholstered 
pieces in the eighteenth century.

By the end of the fi fteenth century, Spain and Portugal had become wealthy countries. 
The Moors, who had conquered Spain in the eighth century (and lived there for over 700 
years), were expelled in 1492. Although the Renaissance infl uenced Spain, the Moorish 
infl uence resulted in the distinctive Spanish style that used geometric systems, including ad 
quadratum (of the square), and pronounced visual contrasts in materials.

The gold and silver taken back to Spain and Portugal from Mexico and Peru were incor-
porated into furniture. With its superior fl eet, Spain enjoyed trade with the Orient, which 
brought new lacquer fi nishes and frontal approaches to furniture design. A frontal approach 
is a formally arranged composition intended to be experienced straight on. Liberal use of 
decorative wrought iron characterized many pieces. Chair legs and arms were often turned 
and scrolled. The Spanish scroll foot was distinctive, as were the decorative nail heads 
shaped into roses and shells in various furnishings.

During the sixteenth century, the Spanish developed the idea that side tables and cabi-
nets on stands, as well as chairs, should be used in specifi c positions within a room to defi ne 
the architectural space. This spatial concept was central to the design and function of 

European Baroque furniture, which developed in France during 
the reign of Louis XIV (1643–1715).

In the sixteenth century, the fall-front cabinet (writing desk) 
developed into a popular type of furniture known by the 
Spanish name varguetu (Figure 10.26). The exterior front piece 
was usually elaborately carved, with exposed metal hinges. The 
interior was organized with drawers and compartments for 
papers, writing equipment, and valuables. Upholstery and fi nely 
tooled leather were applied to many chairs and tables. Lisbon, 
Portugal, emerged as an active center for furniture makers.

In 1580, Phillip II unifi ed Spain and Portugal. Because Spain 
ruled Mexico at the time, furniture makers in Mexico, like those 
practicing in Toledo or Lisbon, were required to be able to make 
a vargueño, an inlaid hip-joint chair, and a turned bed and table. 
Trade regulations forbade craftsmen to open a shop in the city 
without fi rst being examined in their trade.

In England, joiners became recognized as the chief furniture 
makers during the reign of Queen Elizabeth I. But even within 
the joiners’ guild, there were confl icts due in part to new fabrica-
tion techniques brought to England by the Flemish. Board con-
struction began to replace panel-set-in-frame fabrication.

In the second half of the sixteenth century, many furniture 
makers developed framed-panel joinery, known as rail and stile 
construction, held together by pegs. The perfection of the miter 
joint greatly simplifi ed the manufacturing of molded frames. 
Furnishings became lighter and more mobile.

In the seventeenth century, guilds began to evolve into train-
ing centers. They were active in governing the workmanship and 
behavior of members and in regulating the price and quality of 

Figure 10.26 Spanish vargueño, walnut and oak, late seventeenth 
century. Photography courtesy of Cincinnati Art Museum. Gift 

of Margaret Minster in memory of Leonard Minster. Accession 

No. 1986.769.a-c.
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manufactured goods. However, despite the power and strength attained in the early six-
teenth century, guilds began to lose power due to their economic dependence on the 
Catholic church. By the end of the eighteenth century, the Reformation and the dissolution 
of the monasteries resulted in political and societal shifts that limited the production of 
high-end furniture.

Nonetheless, craftsmen continued to work throughout Europe. As markets expanded, 
a new, rising middle class of English merchants and tradesmen reorganized themselves and 
received new charters, fi rst from Queen Elizabeth I and later from King James I. Slowly, 
furniture companies began to emerge as early as 1570 with a dominance of joiners.

Baroque Period

The Baroque period began in the seventeenth century, originating in southern Europe, and 
extended into the early eighteenth century. The Baroque style was infl uenced by the 
Bourbon dynasty (1589–1789) and by the prevailing fashions in Italy, France, Spain, and 
the Netherlands. Two cultural and economic forces shaped furniture of this period. First, 
there were large and complicated trade activities involving exotic and luxury goods in the 
Far East and with colonies throughout the world. Second, the Catholic church began to 
consolidate power through the Counter-Reformation during this period. Monasteries once 
again saw advances in furniture in both typology and quality due to their settled way of life. 
Demand for lecterns, cupboards, and stages for books, libraries, and desks fl ourished during 
the height of monastic life. Albrecht Dürer’s etching of Saint Jerome in his study with a lion 
at his feet exemplifi es an adorned, well-furnished monastic library.

In southern Europe, Baroque furniture shared characteristics with Baroque art, empha-
sizing a strong contrast of light and material and a dramatic sense of theatricality (Figure 
10.27). This was illustrated by the designs of the lavish show cabinets created during the 
Baroque era made from an array of exotic materials. In the Netherlands, a quieter northern 
style, referred to as the Rembrandt style, shared with architecture an interest in more natu-
ralistic carving and realism.

As the Netherlands grew wealthier, Central Europe grew poorer. This resulted in a “folk 
quality” in many furnishings from Central Europe. In contrast, Sweden was the most eco-
nomically powerful of the Baltic countries in the seventeenth century, and the quality of its 
furniture revealed its economic wealth.

The light-fi lled interiors depicted by the Flemish painter Jan van Eyck, as well as the 
interior spaces painted by Pieter de Hoogh and Jan Vermeer, portrayed a growing bourgeois 
way of life. During this time, distinctive theoretical texts on furniture and design permeated 
Europe. Grammars of ornament and patterns for caryatids were incorporated from surviving 
antique Greek and Roman pieces. Ten books on architecture, written by the Roman theorist 
Vitruvius, was republished in Strasbourg, Germany, in 1543. Printed copies of this classical 
history infl uenced northern European designers and makers of furniture.

The expanding divisions of labor created rivalries within trades, and the competition 
eventually developed both an insurgence and a resurgence of the guilds. A new joiners’ 
guild developed in northern Europe in 1519. With a range of furniture trades and the need 
for precise skills in fabrication, guild ordinances (i.e., regulations and standards of workman-
ship) became increasingly elaborate.

The French word for cabinetmaker, ébéniste, derived from menuisier en ébène (which 
literally means “someone who works with ebony wood”), was introduced to Spain, 
Portugal, France, and the Netherlands. Henry IV of France sent cabinetmakers to the 
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Netherlands to study the work being done in ebony. French 
ebony cabinets on stands were entirely black.

Furniture fabricated in France at this time was considered 
quintessentially Baroque and infl uenced all of Europe (Figure 
10.28). The most luxurious furniture designs were produced for 
two important French palaces—those of the Connétable de 
Montmorency (1568) and the Italian-born Queen of France, 
Catherine de Medici (1589).

The French nobility were given state apartments at 
Versailles. The interiors of these apartments involved signifi -
cant expenditure, but the rooms were essentially waiting 
rooms for people doing business with the king. The interiors 
contained lavish furnishings primarily to impress dignitaries. 
The rooms were called sallés, distinct from the word cham-
bres, and were seldom used except as receiving rooms. 
However opulently the French nobility and the Medici family 
lived, bankers and successful merchants had, by comparison, 
basic furniture in their homes. This generated an inventory of 
well-crafted standard pieces in well-to-do homes throughout 
Europe in the late sixteenth century.

Henry IV of France enacted the Edict of Nantes in 1558, 
which provided freedom of worship for Protestants working in 
France. In 1666, during the reign of Louis XIV, the government 
minister Jean-Baptiste Colbert founded the French Academy in 
Rome. The Academy sent French artists to study in Italy, thereby 
strengthening the tie between these two Catholic countries. In 
1685, Louis XIV revoked the Edict of Nantes, resulting in the 
exodus of Protestant merchants and craftsmen to other coun-
tries that accepted Protestant workers, such as England, the 

Figure 10.27 In the Baroque style—carved 
plant ornament, marked by strong shadows 
and high contrasts. Image courtesy of 

Jacques Stella, Baroque Ornaments 

(Dover, 2003).

Figure 10.28 Cabinet made in Paris (1645). This cabinet is charac-
teristic of the furniture produced by “menuisiers en ébène” who after 
the reign of Henry IV, created a new technique of incorporating panels 
within furniture. Photography by Jim Postell, 2011.
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Netherlands, and Switzerland. Many Protestants fl ed to the British colonies in the New 
World. This exodus had both a short-term and a long-term impact on furniture design by 
generating an eclectic mixture of styles and fabrication techniques throughout the world.

André-Charles Boullé (1642–1732), the son of a Flemish cabinetmaker, was born in 
Paris. In 1672, he accepted the position of ébéniste du Roi—Cabinet Maker of the King. His 
work was admired and copied in Germany, resulting in Boulle furniture (Figure 10.29) 
utilizing a brass veneer over a wooden carcass, with tortoise shell and mother of pearl inlaid 
in a brass sheet.

In 1682, Versailles was ready to receive the French court. Versailles, under the design 
team of Louis Le Vau, Charles Le Brun, and André Le Nôtre, was the ultimate attempt to 
create a center for political and cultural power in France. It was intended to overshadow the 
opulence of the recently completed Vaux le Vicômte, the residence of the former Minister 
of Finance. The interior designer and artist Charles Le Brun (1619–1690) was appointed the 
fi rst director of royal manufacturing at Gobelins. More signifi cantly, Le Brun was the artistic 
coordinator of Vaux le Vicômte and Versailles and thus achieved a coordination of all aspects 
of the architecture and interior design. This was signifi cant because the integration of archi-
tecture, interior design, and furniture design had never before been commissioned on such 
an enormous scale or with such opulence.

French Rococo Period

The French Rococo period (1715–1774) was a time when important distinctions in an array 
of trades developed. The following terms identify some of the trades and craftsmen of the 
French Rococo:

1. Ébéniste: cabinetmaker, working with ebony and a variety of other woods, who 
made veneered furniture

2. Menuisier: solid wood furniture maker

Figure 10.29 French eighteenth-century bureau plat 
by André-Charles Boullé. Cincinnati Art Museum 
Purchase. Gift of Mrs. E. L. Flagg, Reuben R. Springer, 
Mr. and Mrs. Rufus King, Mr. and Mrs. Alfred Traber 
Goshorn, Miss Mary Dexter, Miss Annie M. Howard, 
Reverend Alfred D. Pell, Benjamin Miller, and others, by 
exchange. Accession No. 1977.183.
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3. Fondeur: metal mounts maker
4. Ciseleur: bronze casting maker
5. Vernisseur: lacquerer
6. Marqueteur: maker of marquetry
7. Doreur: gilder

It remained a punishable offense for a furniture maker to cross trades. This made it dif-
fi cult for those who possessed woodworking skills to work outside the boundaries of their 
primary trade and created a climate for specialists rather than generalists in furniture mak-
ing. It is remarkable how coherent French furniture was, since so many guilds were involved 
in the fabrication of one piece. The ébéniste’s job was to unite the efforts of the trades. 
Between 1743 and 1751, French cabinetmakers were required to stamp their work with 
their names or initials followed by J.M.E.—juré des menuisiers et ébénistes.

Comfort and convenience became paramount in furniture design during the French 
Rococo period. Craftsmen at the court of Louis XV created furniture that was smaller in scale 
but elaborate in ornamentation (Figures 10.30 and 10.31). Within the smaller furniture types 

Figure 10.30 Study of a French Rococo chair. Drawing by Dorthe Lautrup-
Nissen, Lisbeth B. Lauritsen, and Tove Primdal, DKDS students. Courtesy of 

Jens Overbye, Lecturer DKDS, Copenhagen, Interior Architect MDD.

Figure 10.31 Hôtel de Soubise, Paris, Salon Ovale de la Princess 
(1736–1740). An outstanding example of a Rococo interior designed by 
Germain Boffrand and Charles-Joseph Natoire. Photography courtesy of 

Patrick Snadon.
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of eighteenth-century Rococo, the development of comfort and social posture emerged, 
marking the beginning of ergonomic design, as well as the rise of gender-based aspects of 
furniture design. The wives and mistresses of male nobles decided which furniture to buy 
for their suites within the French courts, and this reality, in conjunction with the growing 
interest in comfort and social norms of posture and sitting, led to a proliferation of new 
forms and specialized pieces, and new methods of fabrication. The French Rococo period 
was signifi cant in this regard and laid the foundation for an emerging interest in extending 
the realm of furniture into the larger context of leisure, comfort, upholstery, ergonomics, 
and interior design.

England in the Seventeenth and Eighteenth Centuries

The greatest infl uence on furniture design in the seventeenth century resulted from the 
growth of trade within the British Empire. Finally, it had become economically possible to 
transport fi nished pieces of furniture as well as raw material by ship. A signifi cant new 
source of furniture and raw material was India, and trade with India and its adjacent lands 
became known as the Triangle Trade. As a result of the Triangle Trade, an excellent tropical 
hardwood, West Indian mahogany, was obtained. The abun-
dant supply of this hardwood, and its demand by the furniture 
trades, allowed solid wood furniture to replace traditional 
veneer pieces, which had previously been the norm.

Workers skilled in the techniques of japanning and 
 oriental lacquer supplied Europe with new types of exotic fi n-
ishes. Toward the end of the seventeenth century, imports 
from the Far East ignited a desire for painted and lacquered 
furniture (Figure 10.32). Solid wood furniture became popular 
because it withstood the voyage and climate better than 
veneered pieces, which buckled and split due to the climatic 
conditions during the sea voyages.

For a period of time in the eighteenth century, furniture 
was not signed; thus, relatively little is known about the fab-
ricators. During this period, cabinet shops were small, often 
consisting of one master, one apprentice, and two journey-
men. Outside of France, there were no strict guild systems; 
consequently, furniture could be fabricated in a number of 
ways by many individual craftsmen. In addition, setting up a 
cabinet shop was not an expensive endeavor. The cost com-
pared favorably to that of importing furniture from across 
the ocean.

William Kent (1685–1748) was a British architect, interior 
designer, and furniture designer whose work emulated 
Palladian classicism and was admired by Lord Burlington. He 
was renowned for the furniture he made for Lord Burlington 
and his friends, as well as for his interiors and his picturesque 
landscapes. By the middle of the eighteenth century, the 
Rococo style had reached its zenith. When the Classical 

Figure 10.32 English 18th-century japanned cabinet on stand—
London, Charles II. Courtesy of Cincinnati Art Museum. Gift of the 

Duke and Duchess of Tallyrand-Perigord. Accession No. 

1954.525.a-b.
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Revival style became popular, critics began to speak out against extraneous curvilinear 
forms and demanded a return to less complex geometry. Attention returned to Roman 
classicism in particular (Figure 10.33).

Archeological publications fl ourished during this period. Robert Adam’s The Palace of 
the Emperor Diocletian at Spalato in Dalmatia (1764) enabled wealthy patrons to derive 
inspiration for grandiose schemes. In 1753, William Hogarth stated in his Analysis of Beauty, 
“the S-shape suggests motion and the pleasure of wandering gives pleasure entitling the 
word beauty.”6 His view of beauty reinforced the spirit of the time and established a foun-
dation for the emerging furniture designs of Thomas Chippendale and George Hepplewhite 
(a follower of the Neoclassical Adam style).

Thomas Chippendale (1718–1779) was an English designer and cabinetmaker who 
incorporated a variety of patterns and styles in his work. Early Chippendale pieces had cab-
riole legs (Figure 10.34) with details including Chinese bamboo and open fretwork. In 1754, 
he wrote and published, The Gentleman and Cabinet-Maker’s Director, an up-to-date man-
ual for urban colonial and English cabinetmakers. It was immensely successful and was 
reissued in 1762. Chippendale’s drawings combined Chinese, medieval, and Rococo styles. 
His work, and particularly his chair designs, infl uenced a generation of cabinetmakers in 
North America (Figure 10.35). Chippendale’s furniture emphasized carving rather than inlay. 
Carved details were applied rather than hewn from solid lumber. Therefore, Chippendale 
was able to maintain an inventory of applied designs, large and small, to satisfy every client. 
Mahogany was the favored wood because it was easy to work and carve, was stable, and 
had a beautiful, consistent grain. After Sir Robert Walpole repealed the import duty on 
mahogany in 1733, it became affordable and plentiful for making furniture.

Figure 10.33 Neoclassical furniture, a return to Roman and Greek classicism. Photography 

by Jim Postell, 2006. Figure 10.34 American Chippendale carved cabriole 
leg—with a “hairy paw” foot. Photography by Jim 

Postell, 2006.
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THE AMERICAN COLONIES AND THE EMERGING 
UNITED STATES

The plantation owners in the new American colonies turned to England for furnishings, but 
the vast majority of colonists were ordinary people from a variety of different cultures, who 
depended on what they could bring with them on their voyage or had to build their furni-
ture from local woods. For these people, furniture was fabricated using primitive and 
regional woodworking technology.

The table became an important furnishing in the colonial home during the mid-
seventeenth century. It created a centered spatial zone in the home that was useful for 
work, social gatherings, tea, and shared conversations throughout the day. The American 
gateleg table was used as an oval table in the center of the room and as a drop-leaf table 
placed against a wall (Figure 10.36).

Among the few personal possessions that traveled with families, chests were the 
primary furnishings brought from Europe. After a newly arrived family settled into a 
home, local lumber was used to craft additional furnishings. Wood turners could work 
with green (unseasoned) wood such as white oak, ash, and red oak. In 1642, records 
from a joiner named Edward Johnson noted that towns were fast turning into urban 
communities.7 The growing urban populations began to divide societies into trades 
and services.

William and Mary furniture (1689–1702) was named after Queen Mary, sister of King 
James II, and her Dutch husband, William of Orange. With their ascendancy to the English 

Figure 10.35 Pair of American side chairs, 1800. Courtesy of the Cincinnati Art Museum. Centennial Gift of Gloria 

Giannestras. In memory of Dr. Nicholas James Giannestras. Accession Number 1981.1.
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throne, several Dutch craftsmen emerged, whose collective work was infl uenced 
by Flemish design. The furniture under their reign was lighter and improved due 
to the strength of the wood used and the tools and methods employed in fab-
rication. What we now call highboy (Figure 10.37) and lowboy were character-
istic of William and Mary styling and were central furniture pieces in the homes 
of the affl uent.

Queen Anne (1702–1714) and the Age of Regionalism followed the reign of 
William and Mary. Although Queen Anne ruled England for only 12 years, this 
stylistic period lasted for nearly 40 years. In this era, the cabriole leg, the distinc-
tive splat back, and the use of upholstery that emerged in the seventeenth 
century were renowned characteristics of the famous Queen Anne padfoot and 
ball-and-claw-foot chairs (Figure 10.38). Signifi cant is the fact that these chairs 
were fabricated by individual components and made to order. This generated 
great variety in both design and production. Major urban centers throughout 

Figure 10.36 American seventeenth-century gate-
leg table. Photography, courtesy of the 

Cincinnati Art Museum. Gift of Mr. Edmund 

Kerper (conversion of 1932 loan to accession). 

Accession No. 1977.138.

Figure 10.37 Colonial highboy (Philadelphia 
highboy) or chest-on-chest. Made from mahogany, 
topped with a double-scroll pediment and a pair of 
urn fi nials. Photography courtesy of the 

Cincinnati Art Museum. Bequest of Mary 

Moore Thomson in memory of her husband, 

Alexander Thomson. Accession No. 1981.519.

Figure 10.38 American Chippendale—ball-and-claw variations from left to right: Philadelphia foot 
with prominent knuckles; squared-off New York foot; Newport foot with undercut talons; Newport 
foot, front view; Boston foot with rear-curving talon. Photography by Jim Postell, 2006.
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colonial settlements began to take on an ethnic or culturally unique characteristic of place 
enhanced by locally available material and local skill in furniture making. As a result, Boston, 
New York, and Philadelphia developed as distinct design centers refl ecting popular local 
tastes. By the time of the Revolutionary War in 1776, 150 cabinetmakers were listed as 
working in Boston.

Newport, Rhode Island, was home to the Quaker family of cabinetmakers Goddard and 
Townsend. They were known for block front and shell carved dressing tables and secre-
tary bookcases. Their furniture pieces were fabricated from Honduran mahogany and 
were typically carved rather than inlaid. For over 30 years, Newport was a furniture-pro-
ducing center where beautiful mahogany pieces for Newport’s mercantile elite were 
fabricated.

The offi cial treaty signed between the French, the British, and the American colonists on 
September 3, 1782, ended the struggle for independence and marked the return to peace and 
a fresh beginning for those living in the new United States. With a new sense of liberty, the 
Federal style (1780–1830) emerged, refl ecting the aspirations of the republic. It was a classical 
style inspired by a renewed spirit of nationalism in conjunction with an interest in architecture 
and metaphor. The eagle, an ancient Roman Republican symbol, was adopted as an American 
symbol shortly after 1776. The American eagle served as an emblematic element in wood 
veneer and carved pieces found in buildings, in interiors, and on furniture (Figure 10.39). In 
addition, brass handles, knobs, and escutcheons were added for decoration. Cabinetmaker 
Duncan Phyfe (1768–1854) and carver Samuel McIntire (1757–1811) were craftsmen who 
produced beautiful Federal-style work during this period.

Figure 10.39 Eagle fi nial designed for John Cabot Place, Essex Co., Massachusetts. Library of Congress 00004a. Courtesy 

of Corky Binggeli, Interior Design: A Survey (John Wiley & Sons, 2007).
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THE CLASSICAL STYLE

The British brothers Robert and James Adam were both edu-
cated as architects. They developed a pronounced style after 
their return from Pompeii and other cities in Italy. Their work 
grew in popularity throughout England between 1760 and 1792 
and had a profound effect on furniture styles in England and 
abroad, especially on the work of Hepplewhite and Sheraton. 
Their furniture was characterized by simplicity and delicacy. They 
designed sideboards, upholstered sofas, and daybeds, often 
using rectilinear forms. A vast collection of 9,000 drawings by 
Robert Adam are preserved at the Soane Museum, of which 
several hundred are drawings of furniture. In response to the 
growing interest in classicism, many of their furniture designs 
incorporated applied classical motifs, animal heads, human fi g-
ures, fl oral swags, and pendants.

The English cabinetmaker George Hepplewhite (d. 1786) 
was infl uenced by the work of Robert Adams and Neoclassicism. 
His designs were lighter than those of Chippendale and were 
preferred by many for this reason (Figure 10.40). His Cabinet-
Makers and Upholsterer’s Guide, published in 1788, featured 
furniture with delicate elements, tapered legs, veneer and inlay 
work. This publication, along with Thomas Sheraton’s Cabinet-

Maker’s and Upholsterer’s Drawing Book of 1791 and 1793, provided inspiration for many 
English and American furniture makers (Figure 10.41).

Figure 10.40 American (Hepplewhite) card table (1800), mahog-
any.  Courtesy of Cincinnati Art Museum. Gift of Mrs. William 

H. Chatfi eld. Accession No. 1956.358.

Figure 10.41 Thomas 
Sheraton’s Cabinet-Maker’s 
and Upholsterer’s Drawing 
Book. Photography by Jim 

Postell, 2006.

c10.indd   336c10.indd   336 12/09/12   10:00 PM12/09/12   10:00 PM



The Industrial Revolution   337

Many people were attracted to the ideals of classical ornament, giving the work of the 
Adam brothers a strong following. The main source of inspiration for the young United 
States came from Greece and ancient Rome. The Greek ideal was a preferred standard on 
which to cultivate a new society. Ancient Greece, as well as English and French neoclassical 
furniture, infl uenced furniture design in America during the earlier nineteenth century.

THE INDUSTRIAL REVOLUTION

All across Europe during the nineteenth century, cities began to host large expositions to 
showcase innovative cultural ideas, designs, and inventions. Munich, Germany, held its fi rst 
annual exhibition in 1818, and subsequently Metz and Vienna, Austria, and Oporto, Italy, 
held exhibitions as well. These exhibitions showcased international culture, including infl u-
ences from Turkey, China, and Japan, and had great social and economic impact upon the 
culture of design. The Great Exhibition, the fi rst recognized international exhibition, was 
held in 1851 at Hyde Park, London, in Joseph Paxton’s recently completed Crystal Palace. 
This building was a monumental undertaking of modular building, utilizing prefabricated 
glass and iron components. The technology employed in its construction was similar to that 
used in the prefabricated furniture produced during the Industrial Revolution.

From an exhibition, a style that was promoted and admired would be rapidly dissemi-
nated to all parts of the world by the press. With the world watching and encouraging new 
furniture designs, a complex eclecticism emerged, due in part to the improvements in indus-
trial production, transportation, and communication.

In this new industrial era, museums began to be established. The 
new development in society helped to catalog ideas and styles from 
antiquity. The South Kensington Museum in London was famous for 
both the study and design of the decorative arts, serving as both a 
museum and a home for several international exhibitions. Today, it is 
the Victoria and Albert Museum.

Around 1830, the craftsman Michael Thonet began making 
chairs by bending presteamed beech wood. These chairs became 
the forerunners of the bentwood furniture that made the com-
pany Gebrüder Thonet world famous. In 1851, Gebrüder Thonet 
of Boppard-am-Rhine, Germany exhibited bentwood furniture in 
London at the Great Exhibition. By 1900, the Thonet Company 
employed 5,000 workers producing 4,000 pieces a day, with 
another 25,000 people employed throughout Austria producing 
bentwood furniture. These pieces were of great inspiration to 
industrial production methods and infl uenced the rise of the 
Modern Movement (Figure 10.42).

Gebrüder Thonet exported modular, prefabricated, and unas-
sembled bentwood furniture in kit form all over the world. This 
was the fi rst documented case of a company producing knock-
down pieces that provided a cost-effective means to distribute fur-
niture to a global clientele. Originally conceived of and fabricated 
as laminated wood furnishings, bentwood technology came about 
because the laminated furniture tended to delaminate during the 
long ocean journeys to distribution ports throughout the world.

Figure 10.42 Desk Chair No. 9, designed and manufactured by 
Gebüder Thonet (1905). It was later called the Le Corbusier chair in 
1925 because Le Corbusier used it in many of his drawings and 
exhibits. 21½ inches wide; 22½ inches deep; 31 inches high; 18¾ 
inches seat height; 27¾ inches arm height (54.5 cm wide; 57 cm 
deep; 79 cm high; 47.5 cm seat height; 70.5 cm arm height). 
Manufactured by Gebüder Thonet. Photography, courtesy of 

Cincinnati Art Museum (Change of Pace Exhibit, October 4, 

1975–January 4, 1976).
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By the later nineteenth century, machines were assisting in the carving and cutting of 
wood. Machines were limited in their dexterity and other abilities, and machine carving had 
to be fi nished by hand. Therefore, furniture was relatively expensive to manufacture, but 
now multiple pieces could be inventoried. At the turn of the twentieth century, furniture 
was made with both machines and hand tools—calling into question traditional paradigms 
of fabrication and the dependency on craftsmanship.

During the nineteenth century, machine technology varied greatly by country and region. 
German cabinetmakers were fi ne technicians and were considered to be the best at their 
craft; some of them moved to Paris, the economic and cultural center for furniture design 
at the time. This assembly of talent in one large European center resulted in a melting pot 
of styles and growing eclecticism. This, in turn, helped to break down the sense of regional-
ism in design and fabrication and set the stage for the International Style that would emerge 
in Germany later in the twentieth century.

As the nineteenth century progressed, attention to handwork declined. Moreover, as 
labor costs continued to rise, the quality of workmanship decreased, especially after the First 
World War. In addition, the quality of timber declined, due in part, to kiln-drying technology. 
The rapid reduction of the water content in freshly harvested lumber stressed the lumber, 
causing warping and bowing to occur more frequently. With a poorer stock of raw material 
and the expanding use of new technology, craftsmanship became less important. This nega-
tively impacted traditionally designed and fabricated works, indirectly affecting the guilds 
and divisions between the trades.

With the ability to refi ne hardware and details using a greater variety of metals, the use 
of brass hardware became widespread in the third quarter of the nineteenth century. 
Inventive hardware and mechanically operated connections resulted in a new generation of 
mechanically transformative pieces. Mechanical furniture resulted from various patented 
inventions. Furniture such as the In-a-Dor Murphy bed or fold-down bed became popular 
space savers, fi nding their way into small apartments and sleeping cars in trains.

Throughout the second half of the nineteenth century, international exhibitions 
became forums for introducing innovation. The exhibitions were important cultural and 
economic events, exhibiting the “newest and the best” to a growing audience. However, 
in reality, the wealthy and the ruling class fi nanced most of the exhibits. Signifi cantly, 
their rise occurred in tandem with the Industrial Revolution, bringing new industrial 
materials, production methods, and mechanical types to the public. The Paris Exposition 
Universelle, fi rst occurring in 1855, was organized to occur at 11-year intervals. The Paris 
Exhibition of 1900 marked design innovations leading into a new age. Following exhibits 
reinforced the age of mechanization, as seen in the Saint Louis exhibition in 1904, the 
Paris Art Deco exhibition in 1925, the 1933 Chicago World’s Fair, and the 1939 World’s 
Fair in New York City.

Technology enabled the production of nearly every kind of furniture. Eclectic works 
emerged, and with them a growing disconnect between the way something was fabricated 
and what it looked like, pushing design and production further apart.

The Industrial Revolution had a far-reaching impact on all aspects of society. Railroads 
allowed raw timber and completed furniture pieces to be transported long distances. This 
was the time when large numbers of books and periodicals were published. Books such as 
Henry Shaw’s Specimens of Ancient Furniture (1836) presented drawings of early furniture 
pieces. Richard Bridgen’s Furniture with Candelabra and Interior Decoration (1838) was also 
infl uential. Books that illustrated older styles helped rekindle a return to earlier forms and a 
revival of previous styles.
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ECLECTICISM

In 1815, after the fall of Napoleon, Louis XVIII became King of France. Though he continued 
the revival of the classical styles that had been so popular in the court of his brother, Louis 
XVI, the Empire style soon evolved into the Bourbon “Restoration.” This classical revival did 
not depend on the precise rendition of former styles. Rather, updated versions of past styles 
came into being, mixing new technologies with older styles. This trend coincided with the 
enormous development of industrialization and the ability to mass-produce work. But as 
the French political structure came to an end with the revolution of July 1830 and with the 
end of the Bourbon line in 1848, new design ideas as well as fresh political incentives 
emerged.

In the mid-1800s, there was a growing and increasingly prosperous middle class whose 
new wealth and social aspirations provided opportunities for enterprising and inventive 
furniture manufacturers. Improved communication along with rail and ship transportation 
made new ideas and fabrication methods accessible to larger numbers of people. An exam-
ple of this can be seen in the ebonized sideboard (Figure 10.43) with silver-plated fi ttings 
fabricated by E. W. Godwin (1833–1886), an architect, interior decorator, and furniture 
designer, whose career began in Bristol, England. Godwin specialized in ecclesiastical and 
Gothic revival works, but his work was infl uenced by the asymmetry and simplicity of 
Japanese design. It was characterized by the deliberate balance of vertical and horizontal 
members, ebonized fi nish, and contrasting hardware elements.

REVIVALS

By the end of the nineteenth century, Paris was indisputably the center of European furni-
ture production. Furniture fabricated in Paris was typically well fi nished, with high-quality 

Figure 10.43 English nineteenth-century case good, designed by E. W. Godwin (1867), 
cabinetmaker Watt, ebonized wood/metal. Photo courtesy of Cincinnati Art Museum 

(Change of Pace Exhibit, October 4, 1975–January 4, 1976).
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workmanship. Chair frames were often made of walnut due to the wood’s stability and 
workability. By the 1880s, there were approximately 17,000 furniture workers in Paris, 
2,000 of them fabricating the best and most expensive pieces (meubles de luxe), 14,000 
making cheaper furnishings (meubles courants), and another 500 (trôleurs), whose job was 
to deliver their fi nished pieces around to the retail outlets. The huge Parisian furniture indus-
try serviced almost 1,200 retailers, of which 50 were selling meubles de luxe. Despite the 
enormous number of furniture pieces being produced and fabricators making furniture, 
most designers looked backward, reviving older styles from eras long gone.

Italy remained a group of small city-states up to the mid-1800s but began to move 
toward nationhood with the Exposizione dei Protti Dell’Industria Francesca at Perugia. The 
Italians continued to emulate Renaissance carvings and styles almost to perfection. It was 
not until the highly personalized work of the Milanese furniture designer Carlo Bugatti 
(1856–1940) and the unifi cation of Italy in 1879 that a new Italian style emerged. Though 
Bugatti’s work featured unusual materials and non-Western motifs combined in a personal 
style, he designed and fabricated an enormous volume of furniture for wealthy Milanese 
for nearly 30 years before moving to Paris and focusing the remainder of his career on paint-
ing. His close association with art was typical of the northern Italians. Italy’s global infl uence 
on furniture design would emerge later in the twentieth century, when artigiani (craft-
speople) and machine production technologies worked successfully together.

In the 1880s and 1890s, a Moorish infl uence arose in Europe. Due to the associations 
with harems and coffee shops, the impact of Moorish furniture on Europe (save for Spain) 
was confi ned to semipublic spaces such as smoking and billiard rooms.

In the United States, lavish, deeply buttoned upholstered furniture in eclectic styles 
became popular in the form of three-seat sofas (Figure 10.44) and love seats. This furniture 
type developed during the Victorian era. It became an important piece for families, espe-
cially with young girls and a chaperone entertaining prospective suitors.

New markets, new products, and expanded trade were factors that created the unprec-
edented availability of furniture styles at the end of the nineteenth century. Furniture designs 

Figure 10.44 American sofa, upholstered, Mitchell & Rammelsberg Furniture Co. from Cincinnati, Ohio (established 1847, 
closed 1881). It is an eclectic mixture of Turkish and Japanese infl uences. Photography courtesy of Cincinnati Art 

Museum, Henry Meis Endowment. Accession No. 1987.63.1.
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oriented to the emerging middle class looked similar to those fabricated a century before 
by hand for the ruling class. Taste had begun to pass from the palace to the parlor. Designers 
and consumers began to explore new ideas, seeking some of the lost qualities in craft from 
the previous century. As the revival period came to a close, the lack of quality in furniture 
was noticeable when viewed as a whole. As a consequence, there arose a demand for bet-
ter workmanship, which in turn opened the door for a revival in craft and design.

CRAFT AND DESIGN

The nineteenth century witnessed the rise of architects as furniture designers. Architects had 
knowledge of both design and furniture fabrication and, in some respects, assumed the previ-
ous positions of ébéniste and menuiser. During this period, there was a growing culture of 
architecture and craft supported by an unprecedented outpouring of publications and trea-
tises on beauty, furniture patterns, and craft. It was during this time that the Arts and Crafts 
movement began, marking a reaction to the Industrial Revolution and industrial production.

Alarmed by the poor design and quality of furniture products, the minimal use of hand 
craftsmanship, and the environmental degradation of the Industrial Revolution, the archi-
tect Augustus Welby Pugin (1812–1852) wrote his fi rst book, Gothic Furniture in the Style 
of the Fifteenth Century (1835), which helped shape the Arts and Crafts movement. 
Much of his furniture was decorated with carving, but the carving did not hide the struc-
ture clearly stated in his designs. Pugin was specifi c about the distinction between 
structural necessity and applied decoration. He designed furniture in 
the medieval style, which was notable for its fabrication as well as its 
decoration.

The writings of Pugin and the teaching of John Ruskin (1819–
1900), author of The Seven Lamps of Architecture (1849) and The 
Stones of Venice (1851–1853), stressed the importance of structural 
frankness and fundamental truth in materials. These treatises were 
reminders to the burgeoning industrial revolutionists that mechaniza-
tion would not capture the freedom and creative spirit of the craft-
sperson. Ruskin is considered to have been the founding father of the 
English Arts and Crafts movement. He believed in the total rejection 
of machine-produced products, saying that they were dishonest. He 
believed that machine-produced goods were inferior to works of 
skilled craftsmanship and called for a return to the practices of the 
medieval craft guilds.

Englishman William Morris (1834–1896) was responsible for many 
improvements to common household objects such as the rush-bot-
tomed Sussex chair, named after a country chair from Sussex, England 
(Figure 10.45). He and his company (Morris and Co.) hand fabricated 
traditional country furniture in response to the decline in the quality 
of contemporary furniture. Though Morris designed and fabricated 
work ranging from simple to elaborate furniture, his Lesser Arts of Life 
(1882) pointed out the difference between the necessary work-a-day 
furniture and the more elaborate “state furniture.”

Benn Pitman (1822–1910) taught woodcarving at the Art 
Academy in Cincinnati, Ohio, and produced an extensive amount of 

Figure 10.45 English nineteenth-century Sussex chair, 
designed by Philip Webb (1860) for Morris and Company. 
Photography courtesy of Cincinnati Art Museum (Change 

of Pace Exhibit, October 4, 1975–January 4, 1976).
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unique wood-carved furniture during his long career (Figure 
10.46). The success of his work and teaching in the Midwest 
paralleled the broad appeal of crafted and carved furniture 
throughout the United States at that time. Hand-worked fur-
nishings became extremely valued during the mid-1800s and 
the demand fueled an emerging market for crafted works, 
which, in turn, evolved into the hybridization of craft and design 
during the late 1800s.

Arts and Crafts in Europe

According to Herman Muthesius, “arts and crafts were called 
upon to restore our awareness of the honesty, integrity, and sim-
plicity in contemporary society. If this can be achieved, the whole 
of our cultural life will be profoundly affected. . . . If the new 
trends are genuine, then an original, lasting style will emerge.”8 
Trend-setting furniture became popular at the end of the nine-
teenth century, inspired by designers, fi ne artists, architects, writ-
ers, and other professionals. It was this collection of tastemakers 
that spawned new movements of design that came to be known 
as Arts and Crafts, including the Gothic Revival, the Glasgow 
School, Art Nouveau, and the Vienna Secession. The authentic 
craftsmanship of furniture designed by the Scottish architect 
Charles Mackintosh, by English architect C. F. A. Voysey, and 
other prominent designers became popular at the beginning of 
the twentieth century.

Émile Gallé (1846–1904) worked with stained glass and 
designed furniture in Nancy, France. His works, along with those 
of the École de Nancy, founded in 1890, are traditionally cited as 

the origin of the French Arts and Crafts movement (Figure 10.47). The École de Nancy was 
a cooperative group organized for the production of the decorative arts. The cooperative 
idea was an attempt to make a complete design statement and create a unifi ed look for 
everything from furniture to clothes, graphics, and architecture. It was here that elegant 
lines referencing fl ora and fauna found their way into tables, chairs, desks, windows, and 
doors. The French Arts and Crafts movement continued to evolve into the French Art 
Nouveau, while the work of Charles Robert Ashbee (1863–1942) of England had a simpler 
and somewhat machined aesthetic.

British-born designer and architect Charles Rennie Mackintosh (1868–1928) of Glasgow, 
Scotland, opened the door to a new spirit of modernism. Mackintosh created furniture and 
interior spaces whose design were rooted in the tradition of Pugin and Morris. His approach 
in designing furniture was similar to his approach in designing an interior of a bedroom or 
the exterior of a building. He labored intensely in drawing, water coloring, and treated the 
documentation and presentation of each project as a work of art. Mackintosh was ultimately 
concerned with the fi nal appearance of his work, more than he was in the selection of mate-
rials, craftsmanship, or in its fabrication. Many of his most famous furniture designs were 
fabricated for his architectural commissions, including the Glasgow School of Art (1897), the 

Figure 10.46 American bedstead, mahogany, designed and fabri-
cated by Benn Pitman, Adelaide Nourse Pitman, and Elizabeth Nourse 
(1882–1883) of Cincinnati, Ohio. Photography courtesy of 

Cincinnati Art Museum. Gift of Mary Jane Hamilton in memory 

of her mother, Mary Luella Hamilton, made possible through 

Rita S. Hudepohl, guardian. Accession No. 1994.61.
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Glasgow Tea Rooms (Figure 10.48) for Miss Cranston (1897), and Hill 
House (1902–1904) located in Helensburgh, Scotland. Remarkably, 
Mackintosh designed over 400 pieces of furniture in a working career 
of only 25 years, with little repetition of any one design.

Arts and Crafts in the United States

The Arts and Crafts movement was inspired by a crisis of conscience. Its motivations were 
social and moral, and its aesthetic values derived from the conviction that society produces the 
art and architecture it deserves.9

The American segment of the Arts and Crafts period (1895–1915) was marked by a 
structural expression of simple form and handmade appearance (Figure 10.49). The primary 
tenet in design was function. This premise, along with a restrained use of ornamentation and 
a respect for the nature of the materials used, carried Mission style furniture forward for a 
quarter of a century.

Gustav Stickley (1858–1942) was infl uenced by the ideas of John Ruskin and William 
Morris. Seeking to attain the values of handcrafted work, honesty of materials, beauty, 
and functional utility, Stickley produced Mission furniture at the turn of the twentieth 
century in East Aurora, New York. In 1901, Stickley began to publish an infl uential maga-
zine called The Craftsman, but soon after, Stickley’s ideas about craft began to evolve 
toward the notion of industrialization, attempting to form a union between skilled 

Figure 10.47 Émile Gallé, Dawn and Dusk bed, Musée de l’ École in Nancy, 
France. Photography by Jim Postell, 2011.

Figure 10.48 High-backed side chair with pierced oval back-
rail, made of stained ash, silk, and horsehair, designed by 
Charles Rennie Mackintosh (1897) for the Argyle Street Tea 
Rooms, Glasgow, commissioned by Kate Cranston. 20 inches 
wide; 18 inches deep; 53½ inches high; 18½ inches seat 
height (51 cm wide; 46 cm deep; 136 cm high; 47 cm seat 
height). Photography by Gerald R. Larson, 2010.
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craftsmen and machine production in furniture that could be marketed to the middle class 
(Figure 10.50).

Much has been published regarding aesthetics of Stickley’s furniture produced from 
1901 to 1915, but there is relatively little written that describes his philosophical position 
about design at the turn of the century. In his own words, one can best understand his 
position about utility, design, and decoration in furniture:

After experimenting with a number of pieces, such as small tables giving in their form a 
conventionalized suggestion of such plants as the mallow, the sunfl ower and the pansy. 
I abandoned the idea, convinced that such designs failed to satisfy because they were 
based on a purely decorative form that should never be used for anything whose sole 
reason for being is in its usefulness. Conventional plant-forms are beautiful and fi tting 
when used solely for decoration, but anyone who starts to make a piece of furniture 
with a decorative form in mind, stars at the wrong end. The sole consideration at the 
basis of the design must be the thing itself and not its ornamentation. It must be a chair, 
a table, bookcase or a bed that fi lls its mission of usefulness as well as it possibly can; it 
must be well proportioned and honestly constructed, as beautifully fi nished as is possible 
for the wood of which it is made, and as stable, commodious or comfortable as would 
be required in a perfect thing of its kind. If all these requirements are honestly fulfi lled, 
there is little need of ornament, unless some touch of decoration is suggested by the 
construction of the piece itself.10

The work of Gustav Stickley and the handcraft community 
known as the Roycrofters (1895–1938) featured copper fi ttings and 
prominent mortise-and-tenon joints, mostly fabricated from 
ammonia-fumed white oak. Their collective work encouraged hand-
work, and with it came a revived enthusiasm for craft and the skills 
necessary to make furniture by hand. Mission furniture was rectilin-
ear, had subtle curved lines, and, when designed by Harvey Ellis 
(1852–1904), was usually inlaid with stylized fl oral motifs in colored 
wood. The Harvey Ellis armchair (1903), made of quarter-sawn white 
oak with handcrafted inlay, provides support, comfort, and beauty.

Brothers Charles S. and Henry M. Greene (1870–1954) collabo-
rated on many beautifully crafted residences that the two designed 
and built in Pasadena, California, at the turn of the century. Most 

Figure 10.49 Sideboard, Shop of the Crafters, ca. 1910. 
Courtesy of Cincinnati Art Museum. Gloria W. Thomson Fund for 
Decorative Arts. Accession No. 1989.107.

Figure 10.50 White oak settee, designed and fabricated by Gustav Stickley, (circa. 
1909). Photography by Jim Postell, 2011.
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renowned was their design for the Gamble House. They crafted wood-joined furnishings 
for their houses unique to the style of their architecture and sold custom furniture 
to clients.

Art Nouveau

“We are not only at the beginning of a new stylistic phase,” wrote the German architect-
designer August Endell in 1897, “but at the same time on the threshold of the development 
of a completely new art.”11 From the 1890s until the beginning of World War I, a “New 
Art” emerged in the major cities throughout the world. Though the style was similar 
throughout the world, the names for the emerging styles were regional; among them—Art 
Nouveau, Arte Modernista, Nieuwe Kunst, Sezessionstil, Glasgow Style, Stile Liberty, and 
Arte Nova.

Art Nouveau (1880–1910) emerged as a style from the opening of Maison Art Nouveau, 
a furnishing and novelty shop in Paris established by the dealer Siegfried Bing in 1895. The 
shop displayed furniture and designs for interiors such as glassware by Tiffany and émile 
Gallé and exotic imported goods. The Art Nouveau movement was the fi rst of its kind to 
occur throughout Europe at the same time. It transcended national boundaries and adopted 
regional and cultural references.

Hector Guimard (1867–1942) and Henry van de Velde (1863–
1957) of Belgium settled in Paris and fabricated an array of fur-
nishings emphasizing totally harmonious form (Figure 10.51).

Otto Wagner (1841–1918) and members of the Vienna 
Secession, including Joseph Hoffmann (1870–1956), Koloman 
Moser (1868–1918), Adolf Loos (1870–1933), and Joseph Maria 
Olbrich (1867–1908), produced an exceptional body of work 
that inspired designers throughout the world. Though Hoffmann 
started his career as a practitioner of Art Nouveau, he soon 
turned away from its fl oral abstractions to develop a style that 
was severe and geometric. The furniture he designed was largely 
for his own buildings, though it is interesting to note that he did 
work with Michael Thonet and designed several chairs for him, 
including the famous café chair.

In 1903, Hoffmann and others started a cooperative venture 
called the Wiener Werkstätte. It lasted until 1932 and was noted 
for the integration of crafted and machine-produced works. In 
addition to producing furniture, it periodically exhibited the 
work of contemporary European designers such as Charles 
Mackintosh and Henry van de Velde. Until the First World War, 
the workshops produced furniture, leather goods, metal, glass 
works, and textiles and had a signifi cant infl uence on the emerg-
ing modern architecture and furniture design.

Henry van de Velde (1863–1957) received his fi rst signifi cant 
acclaim for the interiors he exhibited at Dresden, Germany, in 
1897. He played a leading role in the development of Jugendstil, 
the German and Austrian equivalent of Art Nouveau that literally 
means “youth style.” His designs for furniture and tableware are 

Figure 10.51 Chair by Hector Guimard (1900). Drawn by Mogens 
Dorph-Petersen, Winnie Gludsted, and Kim Lundberg, DKDS students. 
Courtesy of Jens Overbye, Lecturer, Interior Architect, MDD.
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of especially high quality. With ideas derived in part from John Ruskin and William Morris, 
he taught at his own school, the Weimar School of Arts.

Antoni Gaudí (1862–1926), an engineer, architect, and furniture designer, led the Art 
Nouveau movement from Barcelona, Spain, and completed a large body of work. Though 
Gaudí is renowned for his architecture, he designed many beautiful chairs and tables 
throughout his long career (Figure 10.52).

MODERNISM AND THE MACHINE AGE

In 1901, American architect Frank Lloyd Wright (1869–1959) gave a talk at a meeting of 
the Chicago Society of Arts and Crafts entitled “The Art 
and Craft of the Machine.” He declared that the furniture 
he designed was suitable for machine production and that 
machines should be abhorred only when they were set to 
replicate nonmechanical tasks such as carving. He wanted 
furniture to be machine made and affordable for a large 
number of people (Figure 10.53). Frank Lloyd Wright 
became an eminent American designer who created 
unique furniture pieces for most of his buildings. So impor-
tant is his work that efforts have been made to preserve 
much of it, including the furniture and decorative elements 
within his buildings.

Between 1895 and 1915, Grand Rapids, Michigan, was 
commonly referred to as the “furniture capital of the world.” 
There, American furniture companies such as the Limbert 
Furniture Company, Stickley Bros. Company, The Guild, the 
Michigan Chair Company, and the Grand Rapids Chair 
Company developed. Several years later, Steelcase, Herman 
Miller, and Hayworth emerged as enormously successful fur-
niture companies. Originally producing furniture for the resi-
dential market, Herman Miller became the second largest 

Figure 10.52 Chair and settee by Antoni Gaudí. Photography by Jim Postell, 2006.

Figure 10.53 Dining chair for the Susan Dana home, designed by Frank 
Lloyd Wright. Computer model by Sylbester Yeo and Jim Postell.
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offi ce furniture producer in the United States. The company promoted its association with 
emerging designers Charles and Ray Eames and George Nelson. Steelcase developed a reputa-
tion for producing well-engineered offi ce equipment and furniture, becoming the largest 
furniture company producing offi ce systems and chairs for distribution throughout the world.

There was a steady advance throughout the Machine Age (1910–1945) in the design of 
machines, trains, boats, planes, and cars. However, the most profound development during 
this period was the advancement of science, citing the work and infl uence of individuals 
such as Albert Einstein and Max Planck. Science, engineering, and machines dominated all 
aspects of society, fueled in part by the Second World War and military advances from the 
war effort. New material technologies came into being with the use of tubular steel, bent 
plywood, and an array of new plastics. No longer was the world carved into unreachable 
quadrants. When new art movements emerged, they quickly spread throughout the world. 
Fine art trends exploded. The major art trends that rose after impressionism were cubism, 
surrealism, futurism, and fauvism.

With the rise of the Machine Age came Art Deco, which takes its name from the 1925 
L’Exposition Internationale des Arts Decoratifs et Industriels Modernes. Arguably the most 
signifi cant project during the Machine Age was the design and fabrication of the French 
ocean liner Normandie. Work on the Normandie began in 1935, and no expense 
was spared, calling into service many cabinetmakers, metalworkers, silversmiths, glass 
workers, and ceramic craftsmen in France. Furniture designed during this period often had 
inlay work with curves while creating surface planes. From this time onward, design in 
general took on a new direction—one that embraced the machine and new emerging 
technologies.

The furnishings of Le Corbusier (1887–1965) and his collaborators, Pierre Jeanneret 
(1896–1967) and Charlotte Perriand (1903–1999), exemplifi ed a new spirit in furniture 
design that drew inspiration from the machine and indus-
trialization. Designed for the Salon d’Automne in Paris in 
1929 and the Pavilion de l’Esprit Nouveau, the Chaise 
Longue (1928), the Grand Confort chair (1928), and the 
Siege de Repos all embraced a machine aesthetic of 
chrome-plated tubular steel and leather, drawing on ideals 
of modernism and theories outlined in Le Corbusier’s book, 
Towards a New Architecture (Figures 10.54 and 10.55).

Gerrit T. Rietveld (1888–1964) was born in Utrecht, 
the Netherlands, and was trained as a cabinetmaker and 
an architect. He designed and fabricated his Red-Blue 
chair between 1917 and 1919 (see Chapter 4). In 1924, 
he designed the Schröder House in Utrecht. Rietveld 
designed and produced a great deal of furniture, nearly all 
of which embodied de Stijl principles, an approach in art 
and design based upon the abstraction of form and color. 
Theo van Doesburg (1883–1931), considered the father 
of de Stijl, was concerned with concepts of pure abstrac-
tion and developed a number of architectural projects and 
cubist furniture designs. Throughout his career, Rietveld 
experimented with plywood, fi berboard, aluminum, bent 
metal, and even with upholstery (Figure 10.56). Fauteuil 
was originally designed in 1935 for the production of 

Figure 10.54 Tubular steel frame for Grand Confort, designed by 
Le Corbusier and Charlotte Perriand (1928). Courtesy of Cincinnati Art 

Museum (Change of Pace Exhibit, October 4, 1975–January 4, 1976).
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Metz & Co. The armchair was made with a wood structure and wool upholstery with vis-
ible diagonal stitching.

The Bauhaus

Walter Gropius (1883–1969) founded the Bauhaus school in Dessau, Germany, in 1919. It 
precipitated a revolution in art, design, and architectural education whose infl uence is still 
felt today. In the words of Wolf von Eckardt, the Bauhaus “created the patterns and set the 
standards of present-day industrial design; it helped to invent modern architecture; it altered 
the look of everything from the chair you are sitting on to the page you are reading now.”12 
Under Gropius’s leadership, design and furniture created a modernist revolution demon-
strating how materials and fabrication processes could inspire the design process. An exam-
ple of this philosophical approach can be seen in Mart Stam’s design of the fi rst cantilevered 
tubular steel chair.

Ludwig Mies van der Rohe (1886–1969) was one of the defi ning fi gures of twentieth-
century design. He designed the Barcelona Pavilion and the famous Barcelona chair in 1928 
(Figure 10.57). The chair became a classic, though it was not conducive to mass production 
because of the hand welding that was required for the side supports. It is also a remarkably 
heavy chair, weighing 84 pounds (38 kilos), due to the stainless steel supports and foam 

Figure 10.55 Revolving armchair, designed by Le Corbusier (Charles 
Édouard Jenneret), Charlotte Perriand, and Pierre Jeanneret (1928). 
Manufactured by the Thonet Brothers, Paris. Photography by Jim 

Postell, 2011.

Figure 10.56 Fauteuil, wool upholstered lounge armchairs, 
designed by Gerrit T. Rietveld (1935). Photography by 

Jim Postell, 2006.
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rubber cushions, making distribution expensive. Mies pro-
duced his Brno chair (1929–1930) for the Tugendhat house 
in Brno, Czech Republic. Both the chair and the residence 
used similar fabrication techniques, which derived from 
similar design processes. Between 1930 and 1933, Mies 
was the director of architecture at the Bauhaus before 
moving to Chicago to teach at the Illinois Institute of 
Technology in 1938. The Knoll Group still produces his 
complete line of furniture.

Marcel Breuer (1902–1981) was one of the most infl u-
ential twentieth-century furniture designers. Breuer stud-
ied art in Vienna before enrolling at the Bauhaus in 1920. 
There he studied furniture under Walter Gropius. Before 
setting up his own practice in Berlin in 1926, he designed 
the famous Wassily chair and the B32, popularly referred 
to as the Cesca chair, as well as a series of nesting tables 
(Figure 10.58). The Laccio side table was originally intended 
to be used as a stool for the cafeteria at the Bauhaus. 
Before World War II, Breuer followed Gropius to the United 
States and taught at the Harvard Graduate School of 
Design. He also set up an architectural practice in 
Cambridge, Massachusetts, and worked on many architec-
tural commissions for the next 20 years. In 1960, the Italian 
company Gavina revived production of a number of his furniture pieces from the 1920s, 
and recently Knoll Studio produced several of his designs, reviving his contribution to mod-
ern furniture design almost half a century later.

Eileen Gray (1878–1976), an Irish-born designer and architect, was one of a handful of 
women who infl uenced the course of modern design. Her early work in Paris revealed Art 
Deco styling, but after 1922 her designs emulated the infl uence of de Stijl, cubism, and 
eventually modernist theories. Three of her more modernist works are the Blocs Screen (see 
Chapter 4), a lacquered screen with pivoting panels (1922), the Transat chair (a lacquered 

Figure 10.57 Barcelona chair, designed by Ludwig Mies van der Rohe 
(1928) for the German Pavilion in Barcelona, Spain. Manufactured by Knoll 
International. 23 inches wide; 22 inches deep; 14½ inches high (58.5 cm 
wide; 56 cm deep; 37 cm high). Photography courtesy of Knoll, Inc.

Figure 10.58 Laccio; nesting tables with tubular steel 
frames, designed by Marcel Breuer (1925). 
Manufactured by Knoll International. 215/8 inches wide; 
187/8 inches deep; 17¾ inches high (55 cm wide; 48 
cm deep; 45 cm high). Photography courtesy of 

Knoll, Inc.
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wood frame, metal hardware, leather-upholstered chair) designed between 1925 and 1927 
(Figure 10.59), and several versions of a cantilevered and adjustable tubular steel frame 
bedside table with a glass top (1925–1928).

RISING HEROES OF EVOLVING MODERNISM

How did modernism affect society? Modernism was not broadly accepted until after World 
War II, when society began to look to the culture of design for leadership in social change. 
Exceptionally talented designers worked closely with artisans and craft shops throughout 
the United States and Europe during this time to bring the modern ideal into popular culture 
and to create furniture for everyday use. Many designers became prominent within this 
climate. Their work, working prototypes, and writings inspired a generation of furniture 
designers and helped develop the spirit of modernism.

Jean Prouvé (1901–1984) was a French designer whose work has been recognized by 
his ingeniously simple method of fabrication that is typical of his furniture. His furniture 
design and architecture utilized industrial components and craft-based technologies (see 
Chapter 4). He was a prolifi c furniture designer who adopted modern ideas of form and 
function and was original and exploratory in his use of materials (Figure 10.60).

Carlo Mollino (1905–1973) was an architect based in Turin, Italy. He had a prolifi c career 
designing and producing many beautifully crafted and ingeniously structured and curved fur-
nishings. His love of airplanes, car racing, and experimenting with ideas of form and structure is 
evident in his curvilinear tables. Mollino worked from natural and animal shapes to establish a 
streamlined series of furniture designs. These pieces evolved from an appreciation of the shapes 
of Art Nouveau and the work of architect Antoni Gaudí. Mollino’s work was more expressive, 
and often more sculptural, than that produced in Milan at the time. The changes in his style over 
the years responded to the evolving technology of bending and working with wood.

Figure 10.59 Transat chair designed by Eileen Gray 
(1925–1927). Computer model by Nora L. Bauser.
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Alvar Aalto (1898–1976) was an architect from Helsinki, Finland. One of the most 
renowned modern furniture designers, Aalto combined his interest in furniture with his 
passion for architectural projects. His 1933 three- and four-legged stacking stool, known as 
Stool 60 (with a back—Stool 65), was designed for his library in Viipuri (see Chapter 4). 
Aalto’s molded plywood lounge chair, Paimio, (also known as Armchair 41, see Figure 
10.61), was designed by Alvar and his wife Aino, specifi cally for use by tuberculosis patients 
at the Paimio Sanatorium in 1932. The chair was used in the patient’s lounge, and the angle 
of its back was designed to help sitters breathe more easily. The arms, legs, and base of the 
chair are laminated birch wood formed into a pair of closed curved loops, between which 
is the seat—a thin sheet of 3-mm lacquered plywood, tightly rolled at top and bottom into 
sinuous scrolls. Resilience is achieved through the scroll-shaped 3-mm thick plywood seat.

Figure 10.60 Vestiare de cafeteria (changing area for a cafeteria) 
designed by Jean Prouvé (1955). Made with lacquered steel and 
aluminum panels, hard fi berboard, and ash wood. Photography by 

Jim Postell, 2011.

Figure 10.61 Paimio chair, 
designed by Alvar and Aino 
Aalto,(1930–1932), specifi cally 
for reading. Image courtesy of 

Erik Skoven.
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Later, Alvar and his wife, Aino, formed the Artek Company to fabricate his furniture 
using a combination of hand fi nishing and industrial production technologies. His revolu-
tionary use of laminated plywood and Baltic birch captured world interest when his work 
was exhibited in London, Paris, and New York after World War II.

Eero Saarinen (1910.1961) was a Finnish architect who worked for both Herman Miller 
and Knoll. He collaborated with his friend Charles Eames on many projects and experimented 
with plastics, metal, resin-reinforced glass fi bers, and upholstery. Saarinen’s work was sculp-
tural, functional, comfortable, and ingeniously fabricated (Figure 10.62). His Tulip chair for 
Knoll has a molded plastic shell supported by an aluminum base. Many of his chair designs, 
including the Womb chair with ottoman (1946–1948), are still manufactured today by Knoll.

Isamu Noguchi (1904–1988) was a New York City–based freelance designer. His furni-
ture and lighting were characterized by biomorphic form. He designed a beautiful glass-top 
coffee table with a biomorphic pivoting walnut base, several upholstered sofas, and an array 
of luminaires.

Arne Jacobsen (1902–1971) was a Danish architect and designer whose work built upon 
Denmark’s modern heritage. In 1950, Jacobsen decided to design furniture as a primary 
creative activity and began working with the Danish furniture manufacturer Fritz Hansen. 
The collaboration resulted in the production of the Ant chair (ca. 1951–1952), the Giraffe 
chair (1955), the Swan chair (1958), and the Egg chair (1958) (Figures 10.63 and 10.64). 
The Giraffe, Swan, and Egg chairs were specifi cally designed to complement the public and 
suites within the SAS Royal Hotel in Copenhagen, Denmark. The Ant chair was one of the 
fi rst of a series of chairs consisting of a molded plywood shell mounted on three chromed 
tubular steel legs. Its profi le was the characteristic that led to its name. Jacobsen’s lasting 
vision was of a building, its interior, and the furniture coming together as a complete, har-
monious environment.

Figure 10.62 Florence Knoll Bassett and Eero Saarinen discussing the base of the Tulip chair (1957). Photography 

courtesy of Knoll, Inc.
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Hans J. Wegner (1914–2007) was a Danish architect 
whose chair designs (over 500) are remarkable for their 
craft, structural integrity, form, and comfort. His work 
fueled and paralleled a growing interest worldwide in 
Danish design and helped to foster a unique quality of 
Scandinavian design, which came to stand for craftsman-
ship, traditional values, and modern living—all working in 
harmony. Wegner worked for Arne Jacobsen for fi ve years 
(1938–1943) and in 1943 opened his own offi ce in 
Gentofte, Denmark. In 1949, he designed The Chair, 
which is considered to be one of the classic chairs of the 
twentieth century (Figure 10.65). The back and armrests, 
made from teak (or other wood), were incorporated in the 
design using a single subtle transformative curve. This fea-
ture, along with its woven cane seat, encapsulated the 
spirit of organic Danish modernism.

Charles (1907–1978) and Ray Eames (1912–1988) were 
a husband-and-wife design partnership. They met at the 
Cranbrook Academy of Art in Bloomfi eld Hills, Michigan, in 
the late 1930s. Charles Eames collaborated on several molded 
plywood designs with Eero Saarinen that won fi rst prize in a 
competition at the Museum of Modern Art in New York City 
in 1940. In 1941, Charles and Ray Eames began to develop a 
system for mass-producing high-quality, low-cost furniture 

Figure 10.63 Giraffe chair designed by Arne Jacobsen 
(1955). Manufactured by Fritz Hansen. Photography 

by Gerald R. Larson, 2011.

Figure 10.64 Egg and Swan chairs, designed by Arne Jacobsen (1958). Manufactured by 
Fritz Hansen. Photo courtesy of Erik Skoven in proxy for Fritz Hansen.

Figure 10.65 The Chair, designed by Hans J. Wegner (1949). Drawing by 
Birgit Hougaard and Lene Jørgensen, DKDS students. Courtesy Jens 

Overbye, Lecturer, DKDS, Interior Architect, MDD.
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(Figure 10.66). By 1946, Charles and Ray Eames, as well as Saarinen, were exploring compound 
curves in sheets of laminated wood, continuing to develop their ideas for the “Organic Furniture 
Competition,” and introduced not only a new look but also a new degree of comfort in their 
revolutionary designs. After World War II, the Eameses designed a number of chairs and storage 
units that incorporated a wider range of materials, including fi berglass, wire, and aluminum, 
many of which are still fabricated today by Herman Miller (Figure 10.67).

In 1956, Ray and Charles Eames completed the Eames Lounge chair, fi rst conceived as 
a modern updating of the traditional club chair (see Figure 5–37 in Chapter 5). The chair is 

Figure 10.66 Ray and Charles Eames’s Experimental Lounge chair (1944). Made with molded plywood and steel 
rod. Photography by Gerald R. Larson, 2011.

Figure 10.67 Ray and Charles Eames working together on the aluminum group desk chair (1958). Photography by 

Marvin Rand. Courtesy of Eames and Herman Miller, Inc.
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multistep assembly made out of molded plywood, rosewood veneer, and down-fi lled leather 
upholstery. The Lounge chair, originally inspired by their friend, fi lm director Billy Wilder, has 
become an icon of American Modernism. The Lounge chair, like George Nelson’s 
Marshmallow chair, shows each component, from the rubber shocks to the black leather 
upholstery and at the same time, offers the visceral appeal of repose.

George Nelson (1908–1986) was an architect who focused on furniture, accessory 
design, and writing about design. His Marshmallow 
chair was innovative in how the structure and 18 pad-
ded cushions were revealed (Figure 10.68). Unfortunately, 
mass production was not possible because the produc-
tion process proved too costly, primarily due to the 
amount of handwork required in the chair’s fabrication. 
Nelson’s writing about modernist ideas of design and his 
long-term association with Herman Miller helped to con-
solidate the movement in American architecture and 
design, emphasizing how design could be practically 
applied in both home and offi ce environments from the 
1930s to the 1950s.

Harry Bertoia (1915–1978) was born in Udine, Italy, 
and immigrated to the United States in 1930. He studied 
at the Cranbrook Academy of Art before setting up its 
metalworking department. After teaching at Cranbrook 
and working in California with the Eameses, Bertoia set 
up his own studio with the help of Knoll and produced 
the Wire Diamond chair and a series of remarkable wire 
side chairs (Figure 10.69).

David Pye (1914–1993) was a British master crafts-
man, a highly educated industrial designer, and professor 
of Furniture Design at the Royal College of Art in London. 
His writings and teachings have long been major infl u-
ences in the fi elds of woodworking and furniture design. 
He examined the relationship between design and work-
manship. Pye wrote about the workmanship of risk, in 
which “the quality of the result is not predetermined, but 

Figure 10.68 Marshmallow chair (love seat), designed 
by George Nelson and Irving Harper (1954–1956) for 
Herman Miller. Frame in satin chrome or black painted 
metal supporting 18 individual cushions covered in 
fabric, vinyl, or leather. 52 inches wide; 33 inches deep; 
32½ inches high 16 inches seat height (132 cm wide; 
84 cm deep; 82.5 high; 40.5 cm seat height). Image 

courtesy of Herman Miller, Inc.

Figure 10.69 Wire Diamond chairs, designed by Harry Bertoia (1951), for Knoll 
International. Photography courtesy of Knoll, Inc.
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depends on the judgment, dexterity, and care which the maker exercises as 
he works.”13 Pye contrasts this with the workmanship of certainty, in which 
“the quality of the result is exactly predetermined . . . always to be found in 
quantity production, and found in its pure state in full automation.”14 One 
of Pye’s most important ideas is that hand craftsmanship is not always good, 
and industrialized manufacturing processes are not always bad.

Italian designer Joe Colombo (1930–1971) had a relatively short but pro-
ductive career designing interior components, furniture, and products. He 
began his career as a painter and then as an architect. He rapidly moved into 
interiors and produced his best work by designing functional objects. Utilizing 
synthetic materials and mass production technologies, he designed a long line 
of molded plastic furniture pieces. The Universale chair, manufactured by the 
Italian furniture company, Kartell, was produced in the 1960s. The “Universale” 
chair was originally designed (1965) to be fabricated out of aluminum. It was 
produced in acrylonitrile butadiene styrene (ABS) plastic and then in polypro-
pylene in 1967. It was the fi rst chair to be injected molded entirely out of one 
material (Figure 10.70). The height and function of the chair can be changed 
by removing the detachable legs and replacing them with standard size legs 
to create a chair for dining, shorter legs for a lower chair for waiting rooms, 
or taller legs for a higher chair for bar height use. The chair is available in a 
range of colors and is both lightweight and stackable.

Craft versus Design

Furniture craftsmen emerged in the United States soon after World War II, seeking to create 
works of beauty using handcraft technologies. They were somewhat resistant to the industri-
alization and mechanization in which the country was immersed and were often associated 
with studio furniture, which was crafted using machine and hand tools. George Nakashima, 
Wendell Castle, and Sam Maloof were renowned for their studio-based practices, producing 
some of the most refi ned and well-crafted furniture pieces from the post–World War II period 
to the 1980s, though the tradition continues today.

New Craftsmanship

New craftsmanship is marked by the hybridization of craft and industry. In this context, 
architects and designers work closely with industry to produce furniture that either depends 
upon industrial production processes or industrial materials. The results have a high degree 
of workmanship and pronounced qualities of form.

Frank O. Gehry (b. 1929) studied design and ceramics at the University of Southern 
California. After doing graduate work at Harvard’s Graduate School of Arts, Gehry set up 
his practice in Los Angeles in 1962. His furniture is distinguished by a sense of form marked 
by a disciplined use of material. The “Easy Edge” series gives aesthetic dimension to the 
everyday material, cardboard. The Wiggle Side is made from 70 layers of corrugated card-
board, laminated with repeated curved contours, hidden screws, and fi berboard edging. His 
corrugated cardboard chairs of the early 1970s (Figure 10.71) led to more technically chal-
lenging laminated maple veneer chairs in the 1990s (see Chapter 4), and recently, Gehry 
has produced a line of roto-molded plastic outdoor furnishings. Gehry’s furniture designs 
weave together material, form, and an economy of fabrication.

Figure 10.70 The Universale chair, design by Joe 
Colombo (1965–1967), manufactured by 
Kartell. Photography by Jim Postell, 2011.
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Philippe Starck (b. 1949) has had a career as a furniture designer, product designer, 
interior designer, and architect. His works have a pronounced and often esoteric sense of 
meaning and sense of humor.

Ron Arad (b. 1951) is an architect, artist, and furniture designer whose work runs the 
gamut from individually crafted pieces to mass-produced furniture. He was born in Israel 
and has worked in his London-based studio (One-Off) designing and producing remarkable 
furniture throughout his professional career. The Soft Big Easy chair (1988–1991) utilizes a 
steel and wood frame that supports a single block of variable-density expanded polyure-
thane foam, cut to shape by a computer numeric controlled (CNC) device and then covered 
with leather or fabric (Figure 10.72). His background and knowledge of materials and his 

Figure 10.71 Wiggle Side chair, from the Easy Edge series of corrugated 
cardboard furnishings, designed by Frank O. Gehry (1972) for Knoll 
International. Photography by Jim Postell, 2006.

Figure 10.72 Soft Big Easy chair, designed by Ron Arad (1988–1991) for 
Moroso. 48¾ inches wide; 36¼ inches deep; 38½ inches high (124 cm wide; 
92 cm deep; 98 cm high). Photography by Jim Postell, 2006.
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practice of making full-sized prototypes using industrial materials and the skilled workman-
ship of a craftsman have resulted in a series of furniture pieces that embody the spirit of 
new craftsmanship.

THE TWENTY-FIRST CENTURY: THE DIGITAL AGE

In many interior and building projects, the design or selection of furniture has signifi cant 
value in the generation and development of architectural and interior work. Academic and 
professional environments reinforce the notion that furniture design is a signifi cant com-
ponent of interior spaces. However, furniture design encompasses disciplines extending 
beyond architecture and interior design. In the context of expanded disciplines, the depth, 
breadth, and evolving body of knowledge of industrial design have inspired new work 
and new ideas about materials and production processes. Philippe Starck, Karim Rashid, and 
Marc Newson are contemporary designers who have been inspired by new materials 
and production processes, and their work, in turn, has inspired other designers.

Interesting parallels can be drawn between the historical context of the emerging fi eld 
of interior design during the twentieth century and that of furniture design in the twenty-
fi rst century. Furniture design is concerned primarily with objects in space designed and 
fabricated for a range of uses. Interior design is concerned primarily with space, interior 
construction technology, and the composition of elements in which a wide range of func-
tions occur. Both fi elds engage material, detail, and joinery. Both address social use and 
function within a given cultural and societal context. Nevertheless, each fi eld places an 
emphasis on either the spatial frame or the modifi ed imprint in design.

Furniture design is a practice specialty, but it emerges from several specifi c disciplines, 
depending on how and where the designer is educated. From an academic perspective, 
furniture design is an interdependent activity. It is one part of what an industrial designer 
does, but it is also an important aspect of interior design, architecture, craftsmanship, and 
fi ne art. Furniture designers venture into all of these fi elds. Primary relationships and paral-
lels between industrial design and furniture design are timely in comparison. Industrial 
design developed from industrial engineering and the rise of the industrial arts movement 
of the nineteenth century. Industrial design infused the applied arts and the applied sciences 
using design to solve problems using a combination of engineering and aesthetic means. 
Many innovations of the twenty-fi rst century come from industrial design, and furniture 
design is a perfect vehicle to adopt such innovation.

The fi eld of furniture design continues to cultivate knowledge in the areas of ergonomics 
and human factors, fabrication technology, and material research. These areas are 
shaping and reforming academic and professional fi elds, including (but not limited to) archi-
tecture, engineering, interior design, industrial design, fi ne art, applied arts programs, and 
vocational craft-based programs, as well as scientifi c research and advances in the fi elds of 
aerodynamics, medical science, sociology, and cultural anthropology. The history of furni-
ture design, by default, embraces these areas of study and contributes to evolving knowl-
edge in the fi elds of human factors, digital, and material technologies.

Today, computer science, digital technology, and nanotechnologies have begun to infl u-
ence society in general ways and the discipline of furniture design in specifi c ways. Why has 
this occurred? Furniture design encompasses many far-reaching and specifi cally focused 
disciplines, technologies, and professions. It seems likely that society and furniture designers 
will continue to embrace these new digital technologies.
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Despite the growing interest in digital technology, craftspeople ought to have a central 
role in design and fabrication, as they have for the past 5,000 years. Craftspeople will con-
tinue to help shape contemporary works, but they will need to share the fi eld with a broader 
range of professionals due to the emergence of new materials and technological advances.

New Digital Tools, New Synthetic Materials, New Design Opportunities

Digital milling machines, high-end computer technologies, intuitive three-dimensional com-
puter-aided design drawing (CADD) modeling programs, new synthetics, and smart materi-
als are helping designers and fabricators realize new furniture products. In addition to the 
assimilation of digital technologies, green design has become a signifi cant, almost an inher-
ent, aspect of design. We have seen and will continue to see new designs respond to the 
growing need to respect our physical and social environments.

Damakersvan (translated to “The Makers of . . .”) is a result of the collaboration of three 
designers: Judith de Graauw and brothers Jeroen and Joep Verhoeven. In 2005, the design-
ers utilized computer-assisted design and fabrication technologies to create Table Cinderella 
(Figures 10.73 and 10.74). The table’s design is based on simplifi ed drawings of seven-
teenth- and eighteenth-century French furniture from the archives of the Rijksmuseum in 
Amsterdam. The computer-generated model was divided into 57 digital slices, and each 
slice was then fabricated from 80-mm plywood using a numerically controlled multiaxial 
milling machine. The 57 slices were assembled and glued by hand at the designer’s studio 
in Rotterdam. The table consists of 741 layers of plywood.

Contemporary furniture designers seek to reveal new functional and utilitarian uses 
through the exploration and investigation of form, technology, and materials. The essence 
of invention depends on design thinking, as well as understanding how to interweave mate-
rial and fabrication technologies with social use and formal aspiration. Today, more than at 
any other time in history, designers have the capacity to extend the parameters of furniture 

Figure 10.73 Cinderella table, digitally designed and fabricated by Damakersvan, 
which is a collaboration of three designers: Judith de Graauw and brothers Jeroen 
and Joep Verhoeven (2005). Photography by Jim Postell, 2011.

Figure 10.74 Cinderella table (2005), view showing 
laminated and digitally milled plywood. Photography 

by Jim Postell, 2011.
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design into new societal and formal realms. This thought brings the reader back to the 
premise and opening remarks presented in the fi rst chapter of this book:

Furniture design is deeply rooted in the human condition. It is a social science that 
belongs to the humanities, an applied art that draws upon many design fi elds, and a 
tangible reality that relies upon a working knowledge of materials and fabrication tech-
niques. It is a holistic and all-embracing fi eld of study.
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Appendix:
References and Sources

IMPORTANT DISTINCTIONS WERE made between the architect and the artisan (head and hand) 
in the 1400s during the rise of the Renaissance. Leon Battista Alberti’s writing gets right to 
the point in articulating distinctions between thinking and making in architectural theory. 
Four hundred years later, the Industrial Revolution furthered the polemic gap between 
“head” and “hand” in the midst of the nineteenth century. Furniture entrepreneurs such 
as Michael Thonet began to pave the way for design to emerge within the culture of mecha-
nization and industry. Simultaneous with the rise of industry, writers and crafts persons such 
as John Ruskin, William Morris, and Gustav Stickley did their utmost to rekindle the notion 
of craft and workmanship in furniture design. In the twentieth century, the woodworkers 
and educators Ernest Joyce and David Pye clarifi ed distinctions between craft (workmanship 
of risk) and machine production (workmanship of certainty) in their respective books, The 
Encyclopedia of Furniture Making, and The Art and Nature of Design. Sociologist Edward T. 
Hall and industrial designers Raymond Loewy and Norman Bel Geddes contributed to the 
collective context of furniture design, though their perspectives were not always aligned. 
From ancient Rome through modern times, theorists have written treatises that have guided 
the evolving culture of furniture design, which have infl uenced, in turn, generations of 
designers, fabricators, and educators. Their writings and works serve as references for all to 
access and understand.

Throughout the history of architecture and design, writers and theorists have formu-
lated different ways of deconstructing wholes into parts with the goal of addressing all 
aspects of a subject in due time. A standard procedure is to mentally construct a map, or 
model, of any given fi eld, then to systematically travel through the fi eld with map in hand 
as a guide—enabling relationships to emerge, which can result in a broader understanding 
of the subject. One of the fi rst authors to conceive of a conceptual construct regarding the 
subject of architecture was Marcus Vitruvius Pollio.

Vitruvius was a Roman architect and theorist who wrote about architecture in the fi rst 
century CE. In his architectural treatise, The Ten Books on Architecture, he is credited with 
the phrase “fi rmitas, utilitas and venustas” in an attempt to portray a comprehensive view 
of architecture. The deconstructive approach of subdividing a whole into parts is useful in 
breaking the comprehensive nature of architecture into its components to clarify the subject 
without overwhelming the reader. Furniture design is no less complicated in this regard and, 
to the point, has guided the organization of this book.

Within the past century, many books and publications on furniture have impacted the 
academic, professional, and popular cultures of our time. John Pile, author and professor of 
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Interior Design, and professor at Pratt in New York City structured several critiques on design 
into classifi cations that embrace purpose, structure, and visual expression. His Books Modern 
Furniture and Design Purpose, Form, and Meaning do this well. Louis Sullivan, a Chicago 
architect who partnered with Adler and once employed Frank Lloyd Wright, spoke and 
wrote about Form and Function in the most general and collective of meanings. The phrase 
Form Follows Function is commonly attributed to Sullivan but was actually coined by Horatio 
Greenough.

Edward Lucie-Smith, author of Furniture Design—A Concise History, introduced an 
effective notion of taxonomy and typology in regard to furniture design by formulating four 
essential classifi cations: use, form, personal expression, and social status. Mark Hinchman’s 
History of Furniture—A Global View is an extensive and comprehensive resource that is well 
written and well illustrated. David Pye, professor of furniture design in Cambridge, England, 
contributed his insight into the areas of technology and production through his book The 
Art and Nature of Design. He elaborated on workmanship of risk (craft) and workmanship 
of certainty (machine production) in the book. Ernest Joyce contributed to a generation of 
furniture designers and fabricators through his technical understanding and straightforward 
approach in writing about fabrication processes in his seminal book, The Encyclopedia of 
Furniture Making. Galen Cranz contributed to the cultural and physiological notion of seat-
ing, ergonomics, and posture in her book The Chair. She presents an important critique 
about seating within a sociological and cultural context. These are excellent works that 
contribute to the larger body of knowledge in furniture design.

Authors, designers, gallery and museum curators, faculty, students, and consumers 
organize design into various components, proceeding to elaborate in some degree of depth 
on the components. In a gestalt psychology approach to design, where part-to-whole rela-
tionships are paramount, but the “parts” are never as great as the “whole,” efforts to 
organize information and ideas into disparate categories are conceived and developed as a 
place to begin the journey but never intended as the place to reside for long.

Scores of journals abound, from design-based publications such as Domus, ID, Ottogano, 
Frame, Details, and Metropolis to more vocational journals such as Woodshop and Fine 
Woodworking. Books on the subject cover a broad range of approaches to the fi eld with 
depth and focus on fabrication and production techniques. Other approaches include cata-
loguing and documenting individual works and designers as in Carol Soucek King’s book 
Furniture—Architects and Designer’s Originals or Charlotte and Peter Fiell’s Modern 
Furniture Classics.

Although most books focus explicitly in depth on one point and are written for selec-
tive and focused markets, journals and publications often fall short in helping to reinforce 
or to cultivate a collective body of knowledge of furniture design that serves several 
markets. But with a growing interest and broad-based activity of design within the fi eld, 
the time seems ideal to formulate a collective dialogue that transcends professional bound-
aries. More books are needed to introduce a broader range of ideas, and individuals, within 
this emerging discipline.

INDUSTRY SOURCES

The industry arose during the nineteenth century. Selective furniture companies have 
promoted the culture of design by publishing books, sponsoring gallery exhibitions, and 
coordinating international conferences. As industry has grown in political and economic 
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strength, it has assumed a greater academic and cultural responsibility. Contemporary fur-
niture companies renowned for educating and evolving the culture of design include Alessi, 
B & B Italia, Cassina, Fritz Hansen, Giogetti, Herman Miller, Kartell, Louis Poulsen, Olivetti, 
Thonet, Vitra, and Zanotta.

The following manufacturers represent a small portion of the global picture but are 
included here to establish a basis for those furniture companies discussed in this book. They 
all contribute to the culture of design through their production, manufacturing, and market-
ing efforts. The following manufacturers are listed by name with their addresses, contact 
phone numbers, and websites:
Acerbis International, S.p.A.

via Brusaporto, 31
24068 Seriate, Italy
�39.035294222
www.acerbisinternational
.com

Alias
via Della Marine, 5
24064 Grumello del Monte, 
Italy
�39.0354422511
www.aliasusa.com

Arfl ex S.p.A.
via Pizzo Scalino, 1
20833 Giussano, Italy
�39.0362853043
www.arfl ex.it

Artek Oy AB
Eteläcsplanadi 18
00130 Helsinki, 
Finland
0106173480
www.artek.fi 

Artemide, S.p.A.
via Corso Monforte, 19
20122 Milan, Italy
�39.0276006930
www.artemide.com

Baleri Italia S.p.A
via Felice Cavallotti, 8
20122 Milan, Italy
�115.79020154
www.cerrutibaleri.com

Benhardt
4916 Hickory Blvd.
Hickory, NC
828.313.0795
www.bernhardt.com

Bernini
via Milano, 8
20020 Ceriano Laghetto, Italy
�39.0296469293
www.bernini.it

B & B Italia
Strada Provinciale, 32
22060 Novendrate, Italy
�39.031795111
www.bebitalia.it

Boffi 
via Oberdan, 70
20823 Lentate sul Seveso
Milan, Italy
�39.03625341
www.boffi .com

Cappellini
via Marconi, 35
22060 Arosio, Italy
�39.031759111
www.cappellini.it

Cassina
via Busnelli, 1
20821 Meda, Italy
�39.03623721
www.cassina.it

Danko
c/o Yorkshire Furniture
130 N. Charles Street Rear
Red Lion, PA 17356
www.peterdanko.com

Driade S.p.A.
via Padana Inferiore, 12/A
29012 Fossadello di Caorso, 
Italy
�39.0523818650
www.driade.com

Fiam Italia, S.p.A.
via Ancona, 1/B
61010 Tavullia, Italy
�39.072120051
www.fi amitalia.it

Flexform, S.p.A.
via Einaudi, 23/25
20036 Meda, Italy
�39.800829070
www.fl exform.it

Flou, S.p.A.
via Cardorna,12
20821 Meda, Italy
�39.03623731
www.fl ou.it

Fritz Hansen 
Eft. A/S
Allerødvej 8
DK-3450 Allerod, 
Denmark
�45.48172300
www.fritzhansen.com

Gebrüder Thonet Gmbh
Michael Thonet Strasse 1/D
35066 Frankenberg, 
Germany
www.thonet.de

Ghianda
via Desio, 53
Bovisio Masciago, 
Italy
0362 590331
www.pierluigighianda.com

Giorgetti, S.p.A.
Via Manzoni, 20
20821 Meda, Italy
www.mobile.giorgetti.eu
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GF Furniture Systems
418 E. Dennick
Youngstown, OH 44501
330.533.7799
www.gfoffi ce.com

Gubi
2100 Copenhagen, Denmark
�45.33326368
www.gubi.dk

Gufram
via I Maggio, 20
10070 Grosso, Italy
www.gufram.com

HÅG AS
P.O. Box 5055 Majorstuen
N-0301 Oslo, Norway
�47.22595900
www.hag.no

Johannes Hansens 
Møbelsnedkeri and AP 
Stolen
Haungaard Møbler A/S
Frederikshavnsvej 39
9800 Hjørring, Denmark
�4598902121
www.haungaard.dk

Haworth
One Haworth Center
Holland, MI 49423
616.393.3000
www.haworth.com

Herman Miller, Inc.
855 East Main Ave.
Zeeland, MI 49464
888.798.0202
www.hermanmiller.com

IKEA of Sweden, AB
Älmhult, Sweden
www.ikea.com

Källemo AB
Box 605
33126 Värnamo, Sweden
�46.037015000
www.kallemo.se

Kartell
via Delle Industrie, 1
20082 Noviglio, Italy
�39.02900121
www.kartell.it

Knoll, Inc.
1235 Water Street
East Greenville, PA 
18041
215.679.7991
www.knoll.com

Ligne Roset, S.R.L.
via Corso Magenta, 56
20123 Milan, Italy
�39.0248022348
www.ligne-roset.it

Loewenstein
1204 East 6th Street
Huntingburg, IN 47542
800.327.2548
www.loewenstein.com

Maxalto
22060 Novedrate, Italy
�39.031795111
www.maxalto.it
(also see B & B Italia)

Montis
Postbus 153, Steenstraat 2
5100 AD Dongen, 
Netherlands
�31.0162377777
www.montis.nl

Moroso
via Nazionale, 60
33010 Cavalicco di 
Tavagnacco, Italy
�39.0432577111
www.moroso.it

Palazzetti, LLC
4023 Kennett Pike, 
Suite 609
Greenville, DE 19807
631.722.3733
www.palazzetti.com

Poltrona Frau, S.p.A.
SS 77 KM 74,500
62029 Tolentino, Italy
�39.07339091
www.poltronafrau.it

PP Møbler
Toftevej 30
DK-3450 Allerod, Denmark
�45.48172106
www.pp.dk

Poltronova, S.R.L.
via Provinciale Pratese, 23
51037 Montale, Italy
�39.0574718351
www.poltronova.com

Rud. Rasmussen’s Snedkerier 
APS
Noerrebrogade 45
DK-2200 Copenhagen, 
Denmark
�45.35396233
www.rudrasmussen.com

Saporiti Italia, S.p.A.
via Marconi 23
21010 Besnate, Italy
�39.0331.273333
www.saporiti.com

Sawaya & Moroni S.p.A
via Manzoni, 11
20121 Milan, Italy
�39.0286375218
www.sawayamoroni.it

Steelcase, Inc.
901 44th Street SE
Grand Rapids, MI 49508
616.247.2710
www.steelcase.com

Thonet Industries (Gebrüder 
Thonet Vienna)
Strada Statale, 77
Tolentino, Italy
�39.07339091
www.thonet-vienna.at and 
www.potronafraugroup.
com

Vitra International AG
Kluenenfeldstrasse 22
CH-4127 Birsfelden, 
Switzerland
�41.613770000
www.vitra.com

Zanotta S.p.A.
via Vittorio Veneto, 57
20834 Nova Milanese, 
Italy
�39.03624981
www.zanotta.it
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MUSEUMS, GALLERIES, AND EXHIBITIONS

Gallery exhibitions on furniture design at the local, regional, national, and international 
levels have become common occurrences, and they serve a signifi cant purpose in educating 
and evolving contemporary paradigms about design. The International Arts and Crafts 
exhibit in London, Indianapolis, and San Francisco in 1996; the London exhibit focusing on 
Italian furniture design entitled “Icons” in 1992; Design by Delight, exhibited in Indianapolis 
in 1990; and the retrospective exhibit on the work of the late Poul Kjærholm at the Louisiana 
Museum of Modern Art are examples of furniture exhibitions that have helped to promote 
the work of furniture fabricators and designers and in doing so, have also shaped the cul-
ture of furniture design. Museums such as the Cincinnati Art Museum exhibited Andrea 
Zittel’s A-Z collection (1997) and have several pieces designed and produced by Wendell 
Castle in their permanent collection, which is a representative story across the country. 
MOMA in New York City has an extensive permanent collection of well-designed, contem-
porary furniture—more than any museum or gallery in the world. The Kunst Industri Museet 
in Copenhagen is a remarkable resource for nineteenth- and twentieth-century furniture. 
A brief list of gallery, museum, and special exhibitions follows:

Australia Powerhouse Museum (Sydney)

England Design Museum (London)

 Victoria and Albert Museum (London)

Czech Republic Musée National des Techniques (Prague)

Denmark Danish Museum of Decorative Art (Copenhagen)

 Danish Design Center (Copenhagen)

 Trapholt Furniture Museum (Kolding)

France Musée Nationale des Techniques (Paris)

 Musée des Arts Décoratifs (Paris) 

 Musée du Louvre (Paris)

 Musée National d’Art Modern (Paris)

 Musée d’Orsay (Paris)

 Fondation National d’Art Contemporain (Paris)

Germany Das Deutsche Museum (Munich)

 Vitra Design Museum (Weil am Rhein)

Netherlands Stedljk Museum (Amsterdam)

 Booymans van Beumijen Museeum (Rotterdam)

Italy Salone del Mobile (Milan)

Sweden Form Design Center (Malmo)

Switzerland Design Collection, Museum für Gestaltung (Zurich)

United States Smithsonian Museum (Washington, DC)

 Museum of Modern Art (MOMA) (New York)

 National Academy of Design (New York)

 Cooper-Hewitt Museum (New York)

 Metropolitan Museum of Art (New York)

 International Contemporary Furniture Fair (New York)

 High Point Market (High Point, NC)

 NEOCON (Chicago, IL)

 Cincinnati Art Museum (Cincinnati, OH)
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Vitra’s Chair Museum in Germany, located directly across the Swiss border from Basil, 
Switzerland, is home to Rolf Fehlbaum’s permanent collection of over 1,500 chairs located 
and exhibited in an outstanding furniture museum designed by architect Frank O. Gehry. 
The Chicago Art Institute, with its permanent and traveling exhibits, and San Diego’s Mingei 
International Museum in the heart of Balboa Park, exhibited “Heirlooms of the Future” 
presenting several furniture pieces designed and produced by George Nakashima, Bob 
Stocksdale, Wendy Maruyama, Brett Hesser, Ron Kent, Gene Blickenstaff, and Sam Maloof.

Collectively, museums and gallery exhibitions serve an important venue in educating and 
enlightening the public about furniture. Libraries such as the Furniture Library in High Point, 
North Carolina, and the Star Research Center in Grand Rapids are additional resources for 
historical and scholarly research within the fi eld. International furniture fairs, including the 
Salone del Mobile in Milan, organized by COSMIT, and the International Contemporary 
Furniture Fair (ICFF), held annually in May at the Jacobs K. Javits Convention Center in New 
York City, help shape and evolve the discourse in furniture design.
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acrylic An impact-resistant synthetic polymer made from natural materials such as coal, 
water, petroleum, and limestone. Produced as fi bers, acrylics make soft, bulky fabrics 
and carpets. Produced in 4-foot � 8-foot (122-cm � 244-cm) sheets, acrylics can be 
transparent, semitransparent, and colored. These sheets are available in various thick-
nesses from 0.008 to 1 inch.

ad quadratum (by the square) A geometric system of proportion based on the ratio of 
the side of any square to its diagonal (1: � 

__
 2  ).

ad triangulatum (by the triangle)  A geometric system of proportion based on the 
Golden Section.

aesthetic From the Greek aisthetikos, pertaining to sensory perception. Generally, associ-
ated with the term beauty. Aesthetic is both a qualitative description and a reaction.

air dried A method of seasoning green lumber by stacking it (usually outdoors) after being 
freshly cut. The circulation of dry air slowly dries the wood to a range of 15–20 percent 
moisture content.

alloy A metallic substrate formed by blending two or more elements, one of which must 
be a metal.

altar A place of worship or sacrifi ce. A table in a Catholic or Episcopalian church around 
which the Holy Eucharist is shared.

ambo In a Catholic or Episcopal church, a liturgical furnishing from which the Bible is read. 
In the Eastern Orthodox churches, an elevated platform in the nave from which the 
Gospel or Epistle is read aloud.

ambry An English wardrobe or cabinet, also spelled aumbry, the equivalent of the French 
armoire that preceded the cupboard. An ambry is the container for the Holy Oils in the 
Catholic Church.

animal glue Adhesive made from the skin and bones of animals.

anodizing A process of electroplating aluminum. Typically, the process deposits an oxide 
fi lm on aluminum.

anthropometrics The physiology and measurement of the human body.

apron Wood skirting placed at right angles to the underside of a tabletop, shelf, or seat 
of a chair, extending to the top of the legs or bracket feet. It is also known as a “skirt.”

ark The built-in or freestanding furniture in a synagogue that contains the torah scrolls.

armoire A large, movable cupboard or wardrobe with doors and shelves for storing 
clothes. In the medieval period, armoires were used to store arms and suits of armor.

Art Nouveau A style of architecture and design (1890–1910) that derived its name from 
Maison de l’Art Nouveau, a design shop in Paris. Dynamic and fl owing lines character-
ized much of Art Nouveau.

Arts and Crafts Late-nineteenth-century (1880–1919) social, philosophical, and political 
craft revival movement led by John Ruskin.
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awl A small, pointed tool, used for making holes or pilot holes for nails.

ball-and-claw Carved foot of an animal or bird claw clutching a ball used to terminate a 
cabriole leg that was popular in English furniture of the early eighteenth century.

barrel chair A chair originally made from half of a wine barrel. Typically fabricated from 
white oak with a loose seat cushion.

Bauhaus (1919–1931) German school of art and design founded by Walter Gropius and 
others with strong belief in the unity of the arts.

bed Furniture used to rest or sleep.

belt sander An electric power sander in which a continuous belt of sandpaper is rotated 
around rollers to sand wood.

bench A place to rest, with or without a back.

bentwood Wood that is bent rather than cut into shape, conventionally using steam to 
help shape it. The technique was perfected by Michael Thonet’s company, Gebrüder 
Thonet, in the mid-nineteenth century.

BIFMA Business and Institutional Furniture Manufacturer’s Association. This organization 
establishes guidelines for testing commercial-grade chairs.

bilateral symmetry Symmetrical balance in which a central axis cutting through the 
design produces two identical mirror images.

biomorphic Free-form organic shape, also called amoeboid, typical of the 1950s. The term 
also refers to design that resembles natural form.

bird’s eye Mottled fi gure in sugar maple grain suggesting a bird’s eye.

biscuit A concealed, oblong-shaped spline joint, typically made of wood.

bit The end of a tool for cutting or boring. Used in hand and power drills. Bits are remov-
able and interchangeable.

block front A façade treatment on eighteenth-century case furniture in which the cen-
tral vertical structure is recessed or composed of a concave center between its two 
sides.

blow molding Placing a hollow tube of molten thermoplastic in a mold and expanding it 
with air pressure.

board foot A common volumetric unit of wood used for purchasing lumber. A piece of 
wood that is 1 � 12 � 12 inches (2.54 � 30.5 � 30.5 cm), or a 144-cubic-inch 
equivalent.

bombé A French term describing the bulging, convex front and/or sides of case furniture. 
Bombé-type cabinets and chests are characteristic of Louis XV, late-eighteenth-century 
Italian, Baroque, and Rococo works. Typically, bombé applies to commodes, bureaus, 
and armoires, which contain drawers.

book matched Method of matching pairs of adjacent fl itches of veneer as they are cut 
from the log and opened up similarly to the pages of a book. This produces a mirror 
image along the seam of the two fl itches.

Boulle furniture A type of marquetry named after the cabinetmaker André Charles Boullé, 
who introduced it, using tortoise shell, silver, or brass inlay.

bowing A curve (like a bow) along the length of a board.

brass An alloy of copper and zinc. Brass is a base metal used for plating.

breakfront Case furniture having recessed and projecting sections on its façade where the 
center section projects beyond the two end sections.

bronze An alloy of copper, tin, and various other metals.

buffet French term referring to a sideboard used to store china, silver, and linens. The top 
surface is used as a counter for serving food. It usually has drawers as well as doors.

bgloss.indd   368bgloss.indd   368 10/09/12   11:04 PM10/09/12   11:04 PM



Glossary   369

built-in Casework that is permanently attached to the interior of a building. Casework 
includes wall-mounted panels and cabinets.

bunk bed One bed stacked on top of another.

bureau Originally a red cloth covering a writing desk. Later, it referred to the desk itself. In 
the United States, the word designates a dresser.

burl Decorative swirl or twist in wood that results from a growth on a tree with an extraor-
dinary fi gure. Burl wood can occur in different wood species. Elm is the best-known 
burl wood.

burr A thin, rough metal edge left after sharpening or cutting.

butt joint A joint formed by square edge surfaces (ends, edges, or faces) joined together.

butterfl y table A small folding table with splayed legs. The top has wing brackets under-
neath to support drop-leaf wings on either side.

cabinet A glass-fronted case good intended for the display of objets d’art.

cabinet scraper A thin piece of steel, either convex or rectangular, used for a fi nal smoothing 
of wood before applying fi nish. Cabinet scrapers must be sharpened with an oilstone.

cabriole leg A furniture leg formed to resemble the stylized front leg of a capering animal 
that swells outward at the knee and inward at the ankle. It was popular in the early 
eighteenth century and found on Rococo and Queen Anne–style furniture.

canopy bed A bed with a frame around it to hold a fabric top. During the Renaissance, 
the canopy bed was used in homes of the wealthy. During the Rococo and Victorian 
eras canopy beds were more common—made of wood (often carved) with a canopy 
top that could be closed for privacy and warmth.

canted A line or plane sloping at an inclined angle.

cantor stand A portable stand from which to sing or recite.

carbon fi ber A material consisting of incredibly thin fi bers (0.0005–0.010 mm in diameter) 
of carbon. Several thousand fi bers are twisted together to form a yarn, which is woven 
into a fabric. When combined with resin, carbon fi ber fabric is manufactured in rolls 
and is extremely strong and lightweight.

case goods Freestanding and boxlike furniture that includes bookcases, bureaus, chests, 
cabinets, and armoires. Case goods are not upholstered.

casework Cabinets, cases, storage units, panels, and other fi xtures that are built in or 
attached to the building’s interior.

cashwrap In a retail store, the cashwrap is a checkout counter, check stand, or checkout 
place to purchase items and often serves a dual function as the place to wrap 
purchases.

cassone Italian Renaissance term for a low chest with a lift-lid, hinged top. These chests 
were often made of walnut, elaborately carved, and used as a bridal or dowry chest.

caster A type of wheel-mounted hardware applied to the bottom of furniture to help in 
moving about space. They are made from wood, rubber, metal, or plastic, and can lock 
or swivel.

cast glass The process by which glass is shaped by pouring molten glass into a mold and 
allowing it to harden, or cure.

cathedra A variety of Roman seat furniture that was adopted as the “cathedral”—the 
chair of the bishop.

C-clamp An open clamp with one fi xed and one screw-adjustable head, used for holding 
work pieces in position while gluing, etc.

chair A piece of furniture for sitting, consisting of a seat, a back, and sometimes arm rests, 
commonly used by one person. Chairs often have legs to support the seat raised above 
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the fl oor. Without back- and armrests, it is called a stool. A chair for more than one 
person is called a couch, sofa, settee, loveseat (two-seater without arm rest in between), 
or bench. A separate footrest for a chair is known as an ottoman, hassock, or poof. A 
chair mounted in a vehicle or theater is called a seat. Chairs as furniture are typically 
not attached to the fl oor and can be moved.

chair-table Armchair with a large round or rectangular back attached so that it can be 
converted to a table. Used in the Middle Ages.

chaise longue Literally translated from the French as “long chair”; used for lounging. It is 
often used in bedrooms.

chamfer An angled fl at surface planed on the edge of a piece of wood, usually at 45 
degrees, either to soften a sharp 90-degree edge or for aesthetic reasons.

checking The formation of small checks, splits, or fl aws on the surface of lumber due to 
uneven seasoning.

chest A box with a lid and often a lock, used for storage.

chest-on-chest A highboy made by placing a small chest of drawers on a larger one.

Chippendale A style of furniture (1750–1790) named after the furniture designer and 
maker Thomas Chippendale.

chromium A shiny, silver-colored metallic element that became commercially available in 
1925, proving to be ideal as a plate on other metals, such as tubular steel, for decora-
tive reasons and to prevent corrosion.

ciseleur Bronze casting maker.

coffee table A low table used in front of a sofa or couch.

coffer A low trunk for storing items that was a common furniture type from ancient times 
to the eighteenth century.

cofferer A craftsperson who fabricated coffers and chests in seventeenth-century Europe.

commode A French term for a chest with deep drawers on legs.

composite board A sheet product consisting of wood or plant particles or fi bers bonded 
together using synthetic resins or other binders. Plywood, particleboard, oriented strand 
board, medium-density fi berboard, and wheat board are examples of composite boards.

conductivity The rate of transfer of heat energy through a material or substance.

contact adhesive An adhesive that, when applied to two surfaces and brought together, 
creates an instant bond without the need for clamping. Contact adhesive is used pri-
marily to bond high-pressure decorative laminate.

contract furniture Furniture designed and fabricated for public places and the workplace. 
Usually marketed directly to the trade.

coping saw A small curve-cutting saw with a disposable blade held in tension using a 
sprung metal frame.

copper A ductile, malleable, corrosion-resistant metalic element. It is available in sheet, 
tube, rod, and wire. It is the only metal that occurs in large masses and has excellent 
electrical conductivity.

couch A seventeenth- and eighteenth-century term for a backless, upholstered lounge chair 
used for sitting and reclining. In common usage, it is often confused with a sofa or settee.

countersink A tapered hole that enables the head of a fl at-topped bolt or screw to lie 
fl ush with or below the surface of a work piece.

craft Human skill (workmanship of risk).

credence table In a Catholic Church, a small table used to hold the bread and wine prior 
to the celebration of the Eucharist. An early Italian cabinet used for carving meats or 
displaying plates. It was the forerunner of the sideboard.
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credenza Small buffet or sideboard with drawers or doors used during meals for serving, 
storing, or displaying.

creep The slow movement or gradual deformation of a material or assembly over time 
when subjected to a constant and uniform load.

cupboard A paneled box, either freestanding or wall-mounted, for storing equipment and 
food, used in dining.

curly grain Wood grain with an irregular, wavy pattern. It is beautiful but diffi cult to work.

dado A recessive and fl at groove, cut into the grain of one piece of wood, which holds the 
end of another piece within the groove.

Danish oil A penetrating oil that consists of drying linseed oil with little or no thinner.

daybed A twin-sized or single mattress on a frame used for sitting or sleeping. Also 
referred to as a chaise longue.

deacon’s chair Chair for the deacon in a Catholic Church. Usually placed on the sacramen-
tal platform near the presider’s chair.

design An active, creative process—implying conceiving, planning, or intending for a pur-
pose. Used as a verb, a noun, and an adjective.

de Stijl An artistic movement concerned with the integration of painting, sculpture, and 
architecture that fl ourished in the Netherlands from 1917 to 1928. Its leaders included 
Theo van Doesberg, Piet Mondrian, and Gerrit Rietveld.

disk sander Usually used as a bench-clamped support sander that has a faceplate with an 
abrasive disk.

distressed A surface quality that is made to look old with marks, dents, and scratches.

doreur French gilder of the eighteenth century.

dovetail joint An interlocking joint in which wedge-shaped pins and tails are cut to fi t two 
pieces of wood together at right angles, producing a strong joint.

dowel A headless cylindrical pin, usually made of wood and often with small grooves or 
fl utes along the length for air and glue to escape, used to attach pieces of wood together.

dowel pin A small brass or metal pin with a sharp point used to mark dowel positions. 
Similar to the pointed awl.

dowry chest A chest fabricated to store the trousseau of a prospective bride. Also known 
as a hope chest.

draw table Table with a fl at leaf or leaves that extend from beneath the tabletop to 
increase the size of the table.

dresser A sideboard used to prepare or dress food. Today, it refers to a chest for the stor-
age of clothing.

easy chair Upholstered winged armchair with a high back.

ébéniste Maker of veneered furniture. A French term for a cabinetmaker who worked 
with ebony.

edge grain The quality of grain of wood produced by quarter sawing.

edge profi le The detail or exposed contour of the edge of a table or shelf. Typical edge 
profi les include ogee, chamfer, and bull-nose profi les.

elastomer An additive substance that produces a rubberlike condition to the material.

Empire (1800–1840) A style of furniture from France that has dark fi nishes.

empirical knowledge Knowledge that is self-taught (learning by doing or synthesized 
from prior experience) such as carving, painting, and fi nishing.

enamel A colored, opaque composition derived from glass (silica), sometimes used as an 
inlay in furniture.
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end grain The exposed wood fi bers at the end of a piece of wood that has been cut across 
its grain.

epoxy resin  An extremely tough and durable thermosetting plastic used as an adhesive 
that consists of two parts that, when mixed together, bond a wide variety of 
materials.

ergonomics The study of work. The science and art of fi tting the task to the limits of the 
human body and the constraints of built-form.

escutcheon  The back plate (often of metal) to a knob or keyhole on a piece of 
furniture.

esquisse A sketch expressing the basic French cleat—interlocking hardware devices used 
to secure a panel or case good to a partition. idea or concept. This drawing type stems 
from a methodology taught at L’Ecole des Beaux Arts in Paris at the turn of the nine-
teenth century.

fabrication A general term that describes the act of making furniture.

fauteuil An armchair.

Federal style An architectural style that had a signifi cant parallel in furniture design in the 
United States between 1780 and 1830. The source of inspiration came from the early 
republic in Greece. For the young emerging democracy, the Greek ideal was a preferred 
standard from which to cultivate a new society.

fi berboards Man-made boards manufactured from reconstituted wood fi bers, particularly 
hardwoods, such as medium-density fi berboard and Medite II.

fi berglass A strong, lightweight material made of glass in fi brous form combined with an 
epoxy or polyester resin binder. It was developed in the United States in the 1930s and 
used by many designers in the 1950s, including Joe Colombo, Charles and Ray Eames, 
and Arne Jacobsen.

fi ddle-back A chair splat or fi gured veneer shaped like a violin.

fi gure The natural grain pattern in a piece of cut wood.

fi nial An upright decorative object formed in a variety of turned shapes.

fi re screen Made to screen the heat from an open fi re. There are pole screen types with a 
screen on a tripod base and screens held upright by two vertical side supports.

fl itch An individual slice of veneer or an individual segment in a larger composite assembly 
of veneers. Flitch also refers to an assembled bundle of veneers typically arranged and 
numbered in sequence.

flush A condition between coplanar materials that requires continuous surface 
alignment.

fondeur A French craftsperson who made casts for metal mounts in the eighteenth 
century.

font A container for water. In a church, it contains holy water for baptism.

form The physical shape and structure of an object. The essence of a work, including its 
material, meaning, or purpose.

Forstner bit A drill bit used for cutting fl at-bottomed holes or for drilling clean holes 
through wood.

French Rococo Virtually synonymous with the Louis XV style given to a singular form of 
asymmetrical ornament that evolved from the Baroque style in France. It was widely 
used by French craftsmen from around 1720 to 1760.

fretwork Carved decoration consisting of a number of intersecting elements with open 
spaces between them.

full-grain leather Leather with the original genuine grain of the cowhide.
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furniture Stationary or movable articles that are used to make a space or building habit-
able. Examples include a broad range of tables, chairs, storage systems, and screens.

futon A traditional Japanese mattress stuffed with a natural fi ber. The term now refers to 
a sofa bed with a frame and a removable mattress.

galvanic action A chemical corrosive reaction that occurs when two dissimilar metals are 
in contact with one another. The corrosive reaction is accelerated in the presence of 
humidity or moisture.

galvanized steel Steel coated with a thin layer of zinc to provide a more corrosion resis-
tant surface.

gateleg table A drop-leaf table in which an extra leg swings out like a gate to support the 
table’s leaf when it is raised.

gauge The measure of thickness or diameter of sheet metal, tubes, or rods.

gestalt The principle that the human eye sees objects in their entirety before perceiving 
their individual parts. From the German word for “form,” it is based on a psychological 
theory developed by Max Wertheimer (1880–1943), Kurt Koffka (1886–1941), and 
Wolfgang Köhler (1887–1967) in 1930.

gift table In a Catholic Church, it is the table used to place baskets for collecting money.

gilding The process of applying powdered gold or silver leaf to a substrate to give the 
appearance of solid gold or silver.

gloss The refl ective luminosity of a surface.

Golden Section A ratio that results when a line is divided so that the short segment has the 
same relationship to the long segment that the long segment has to the sum of the two 
parts. It works out to be a unique proportional relationship: 1:1.6182, as well as 0.6182:1.

grain The arrangement, direction, and size of the wood fi bers in a length of wood that are 
caused by the growth rings and dependent on the way the lumber was cut in the mill.

green design More comprehensive than sustainable design. Green design is a general and 
inclusive term that considers distribution and packaging, biodegradability, the life cycle 
of materials and products, off-gassing, the toxicity in fabrication or use, and a number of 
other important factors including environmental, human rights, and labor standards.

guild Trade association based on apprenticeship and mutually agreed-upon control of stan-
dards to protect the craft and its members. An early form of trade union.

haptic sensation The physical sensation (tactile experience) that results from touching and 
interacting with furniture and built-form.

hardwood The wood from a tree that has the seeds contained in a close ovary as opposed 
to being coniferous. Lumber that comes from deciduous or broadleaf trees, including 
such species as maple, cherry, and walnut. Most hardwoods are actually hard but some 
like bass or balsa wood, are soft.

heartwood The hard, dense, usable lumber of the tree between the pith (the center) and the 
sapwood. Heartwood is usually darker than sapwood due to gums and resins in the tree.

hide glue Hide glue results from boiling animal bones and hooves down to a gelatinous 
mass, which is great for repairing antiques and has good workability, but its bonding 
strength is not as strong as PVA glues.

highboy A chest-on-chest that was made in the early eighteenth century in the American 
colonies.

high-pressure decorative laminate A fi nishing material produced in sheets and made of 
several layers of Kraft paper (usually 3 to 5) with phenolic resins between and overlaid 
with a decorative and protective melamine fi nish sheet.

hone A low sheen or dull fi nish applied to stone by grinding.
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hope chest Colloquial American term for a dowry chest.

human factors A broad umbrella term that relies on scientifi c research regarding the 
interface between the human body and built-form. Human factors data are objective 
and scientifi cally determined.

hutch An enclosed structure, often raised on uprights, of more than one shelf or tier.

iconostasis screen In Eastern Christianity, a wall of icons and religious paintings that sepa-
rates the nave from the sanctuary in a church.

inlay The decorative process of embedding a variety of materials into a wood or a stone 
surface to create a decorative effect.

ischial tuberosities The two bones at the bottom of the pelvis that support 60 percent of 
a person’s sitting weight.

iterative sketches A process in design used to investigate variations of selected aspects, while 
other aspects remain constant. Iterative sketches generally include a series of overlays used 
to investigate a detail of furniture, while the overall composition remains constant.

japanning A paint and varnish process that dates from the seventeenth century. It imitates 
oriental lacquer work.

joinery The process of attaching (joining) one piece of wood to another.

kas An early American wardrobe, of Dutch seventeenth-century origin, made of painted 
or paneled wood, usually elaborately carved and decorated.

kerf The groove or cut made by saw teeth in wood.

kiln drying An artifi cial method of seasoning wood in a kiln to reduce the moisture con-
tent in air-dried lumber down to approximately 7 percent.

kline A Greek couch with a headboard and footboard used for reclining. It was used for 
relaxing, alone or with another person, or for eating a meal.

klismos An ancient Greek armless chair with concave (inwardly curved) saber legs and a 
concave back.

knock-down Furnishings shipped unassembled or partially assembled. Also known as KD 
and RTD (ready-to-assemble) furniture.

kyphosis The inward compression of the vertebrae along the spine.

lacquer A resinous substance secreted by a scaled insect. A fi nish that originated in the Far 
East, in which resin, made from the sap of the lac (Rhus) tree, is applied to furniture in 
several layers to produce a smooth, hard-wearing surface.

lacquered A lacquered piece of furniture is generally fi nished using a nitrocellulose lac-
quer. There are catalyzed and precatalyzed lacquer fi nishes.

ladder-back chair A colonial wooden chair with horizontal back slats resembling the hori-
zontal rungs of a ladder.

laminated Composed of layers of fi rmly united material (paper, wood, plastic, etc.), with 
resin or glue and compressed, sometimes under high heat and pressure.

lateral force Horizontal force applied to an object from the side.

lathe A machine consisting of a headstock containing a motor, tailstock, lathe, bed, and 
tool set used for the process of turning.

leather A generic name given to animal hides prepared by a currier.

lectern A podium used for speaking.

lexicon A stock of words belonging to a branch of knowledge.

love seat A small sofa designed to accommodate two persons.

lowboy A dressing table with one or two drawers, typically with short legs.
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lumbar lordosis The natural curvature of the spine when standing.

luster The visual quality of light caused by the refl ection and refraction of light off a fi n-
ished surface such as wood.

marlborough legs A heavy, straight leg used on later Chippendale chairs and others.

marqueteur A maker of marquetry during the French Rococo period.

marquetry A decorative treatment in which small colored woods and wide varieties of 
other materials are applied to a piece of wood veneer that is then applied to the sur-
face of furniture.

medium-density fi berboard (MDF) A close-textured, heavy, man-made board measuring 
49 inches � 97 inches (1222 mm � 2442 mm), manufactured by gluing fi ne wood 
particles (lignocellulosic fi bers) together with resin. It is used as a substrate for solid 
wood.

melamine A plastic often used for laminate coatings, particularly on wooden kitchen sur-
faces and to make tableware. It resists melting or burning under heat.

mensa A small Roman table. The upper top portion of an altar table.

menuisier A French term for a solid-wood furniture maker denoting a wood carver or chair 
maker.

mihrab A niche in the qibla wall of a mosque that indicates the shortest direction to Mecca.

millwork Finished woodwork and cabinetry that includes trim, molding, paneling, balus-
trades, etc. Elements conventionally made of wood that are applied and integrated 
into an interior space.

minbar A pulpit in a mosque that is next to the mihrab. The minbar traditionally has sym-
bols of a gate, open door, and ascending steps incorporated in its design.

Mission style Product of the American Arts and Crafts period (1895–1915) characterized 
by simple lines and craft details. Usually made of golden oak.

miter joint A corner joint at right angles where the pieces of wood that meet are cut to 
the same angle, typically 45 degrees.

mock-up A full or partial representation of the actual piece of furniture made from any 
material and used to study the measurements and aspects of design.

modernism An ideological or philosophical way of thinking about architecture and design. 
It is encapsulated by the phrase, “Form Follows Function.” The modernist idea is that 
function and utility can and should generate form.

Morris chair A large easy chair with arms. The seat back generally extends beyond the 
back to various angles. It was named after its inventor, William Morris.

mortise-and-tenon A type of joint consisting of a peg-and-hole confi guration. The tenon 
is the projecting member and the hole is the mortised member.

neoclassicism A mid-eighteenth-century movement in art and architecture aimed at rec-
reating the art and architecture of ancient Greece and Rome. It was a reaction to the 
excesses of Baroque and Rococo and part of a classical revival that prevailed into 
the nineteenth century.

Neoprene A trade name of synthetic rubber (polychloroprene). Neoprene is available in a 
range of densities from soft (10) to hard (90).

nested tables Several tables sized from small to large, each one fi tting under the next one.

nominal dimension The commercial size by which an item or material is known, but not 
the actual size. The nominal size of a stud is 2 inches � 4 inches (5.1 cm � 10.2 cm) 
and the actual size is 1�HF � 3�HF inches (3.8 � 8.9 cm).

off-gassing The dissipation of toxic fumes that are unpleasant and potentially harmful.
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ossuary A portable furnishing in a Catholic Church used to hold the ashes of a deceased 
person.

ottoman A low, upholstered seat or stool used as a footstool in front of an upholstered 
chair.

paint A liquid, liquefi able, or mastic composition applied to a material’s surface whose 
primary purpose is to protect, to make durable, or to decorate.

paradigm A culturally based perception of how things and actions are done.

paresthesia The result of pressure points applied to the body that can constrict the fl ow 
of blood and can result in a sensation of pins and needles, which eventually leads to 
numbness.

parti A parti communicates the basic physical and spatial components of a design. It can 
assume the form of a 3D study or take the form of a sketch.

patina A surface condition produced by age, sunlight, oxidation, wear, or rubbing.

pedestal table A square or round table on a round center support. It was popular in 
England in the eighteenth century.

phenolic resin A synthetic thermosetting resin used to make molded products, coatings, 
and adhesives.

pith The small, soft core of the tree trunk. It is completely unusable.

plain sawn The most economical way of cutting a log into lumber. Parallel longitudinal 
cuts create a cathedral grain to the lumber’s face.

planer A machine used to plane smooth the face side and face edge of wood.

plastic Capable of being formed or molded, like clay. Any synthetic polymer substance that 
can be molded or formed, such as acrylic or polyester.

plywood An engineered composite board made of an odd number of thin sheets of wood 
called plies. The plies are laminated together at right angles to adjacent layers for 
greater stability and strength.

popliteal dimension The dimension from the underside of the knee to the bottom of the 
foot (or to the fl oor).

powder coating A type of fi nish that is applied as a free-fl owing dry powder. The coating 
is applied using an electrostatic process and is cured under heat.

prayer rug A textile used by Muslims during their fi ve daily prayers. The prayer rug helps 
to keep the worshipper clean and comfortable during prayer.

precompressed wood Wood that has been steamed and then placed in a compressor 
with signifi cant compression force applied against the longitudinal direction, which 
severs the integrity of the wood’s cellular structure. The wood is then fully pliable and 
remains so as long as the moisture remains in the wood. It is a remarkably fl exible 
material and is easily shaped. Precompressed wood can be wrapped in plastic sheets 
and is usable for up to two months.

presider’s chair In a Catholic church, the chair for the presider of the Eucharist.

prie-dieu kneeler A high-backed kneeler with a narrow shelf, rail, or pad on which the 
user may rest the arms while kneeling in the seat. Literally means “pray [to] God” and 
typically is used as a kneeler to pray.

processional cross A liturgical element, with or without a corpus and with or without an 
armature, used to mark the beginning of a service.

proportion The mathematical or measurable relationships of a part, or parts, of a design, 
relative to other parts within a given fi eld or frame of reference.

prototype An original fabrication to test and evaluate a design before producing the piece.
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proxemics The study of how people communicate in and across space. The term was 
invented by anthropologist Edward T. Hall.

quarter sawn A method of cutting a log into lumber by fi rst cutting it lengthwise into 
quarters. Each quarter is then sawn at right angles to the annual rings. Quarter sawing 
produces straight-grain, narrow boards. Quarter-sawn lumber was preferred by Stickley 
and Craftsman furniture makers.

Queen Anne (1700–1755) A style of furniture. One element to this style is the cabriole 
leg, which creates a light, graceful line to the furniture.

quirk joint A narrow 90-degree channel cut into any material.

rabbet joint A rectangular recess or groove cut into the edge of a board when turning a 
corner between two boards at right angles.

rail The horizontal member in framing or paneling that connects to vertical posts.

reclining chair An upholstered chair or rocker that reclines.

relief Anything that projects from the background, such as relief sculpture.

rift sawn A method of cutting a log that results in the growth rings intersecting the face 
of the board at an angle between 30 and 60 degrees.

sapwood The newly formed outer wood located just inside the cambium layer of a tree 
trunk. Sapwood is generally lighter in color than heartwood.

scale A perceptual phenomenon that depends on the size of something relative to another.

seat pan The part of the chair on which one sits.

seat rail Horizontal rail that supports the seat of a chair.

seat rake The angle of the seat back to the seat pan in a chair.

secretary A drop-front writing desk, often with bookshelves above and drawers below. 
Secrétaire is the French term.

settee A long, ornately carved and upholstered seventeenth-century seat or bench with a 
high back and typically high arms. Used by two or more people.

sgabello An Italian Renaissance armless, stool-like wood chair designed with two trestle 
supports, an octagonal seat pan, and an inverted triangular back.

shank The main body of a screw, of which its length and diameter are variable.

Shaker furniture Furniture made by nineteenth-century Shakers, pure in line and 
proportion.

sofa Introduced in Italy in the late seventeenth century. Resembled a row of chairs joined 
together.

softwood The wood of a cone-bearing coniferous tree such as fi r or pine, regardless of 
whether the wood is actually soft.

spar varnish A high-quality, waterproof, and sunlight-resistant varnish that has a glossy fi nish.

splat The central and vertical panel of a chair back that connects the seat with the crest of 
the back.

splayed Legs or trestle supports designed with an outward cant or slant.

stile The vertical member in framing or paneling that connects to the horizontal 
members.

stretcher A horizontal connecting member used between the legs of a chair or case piece 
to underbrace its construction in a H or X form.

substrate The material directly behind the veneer or laminate. Plywood and medium-
density fi berboard are typically used as substrates for laminating high-pressure plastic 
laminate or adhering stone or tile to a counter.
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suede A type of leather with a velvety nap made from the underside of the hide, primarily 
lamb, although goat, pig, calf, and deer are used.

symmetry A state of balance where a component (or several components) is mirrored 
along an axis.

tabernacle Liturgical furniture in a Catholic church to contain the ciborium.

table A horizontal surface supported off the ground. Examples include conference table, 
dining table, kitchen table, side table, and work table.

tactile Experienced through the sense of touch.

takeoff The material necessary to fabricate a project.

tambour Half-round wood dowels glued to a backing material that allow a vertical sliding 
cover for a writing desk. Refers to a desk with a secretary top and slatted, sliding panels 
replacing the grille. Also refers to a piece designed to store and access writing, draw-
ing, or paper supplies.

tapered leg A leg that diminishes in thickness as it approaches the foot.

tempered glass Float glass that is heated, then rapidly cooled, causing it to harden and 
contract, which strengthens the glass to six times the strength of annealed glass.

thermosetting plastic A polymer that is liquid or malleable prior to curing. Once cured, 
it will remain permanently hardened and stable.

thronos A throne-type chair for the most important person present.

tongue and groove An interlocking joint in which a projecting element in one member 
fi ts into a mortised groove in the other.

topcoat In wood fi nishing, the fi nal applied fi nish coat, which not only provides protection 
but also enhances the appearance of the surface.

Torah table Liturgical furniture in a synagogue on which one reads the Torah.

trestle A lateral, braced-frame support used on chairs and tables.

trestle table A tabletop supported by a braced frame (divided foot, horse), often consist-
ing of two posts with feet, joined by a connecting member.

triclinium A couch surrounding three sides of a table in ancient Rome used to recline on 
and eat from. Also referred to as the dining room in ancient Rome.

trundle bed A low bed used in the American colonial period that could roll under a larger 
bed during the day.

tung oil A drying oil used in varnishes and oil-based paints.

turning Shaping legs or arms using a lathe.

twisted paper Thin rope made of braided paper, commonly used as a material for seat 
pans in many Scandinavian chair designs. It is literally twisted paper, which is biode-
gradable, readily available, local, inexpensive, and comfortable.

typology The organization of a subject based on shared characteristics and attributes.

universal design Design attempts to meet the needs of people of all ages, abilities, and 
cognitive skills. Set forth as a concept by Ron Mace of the Center for Universal Design 
at North Carolina State University in 1990, universal design focuses on the “range of 
abilities” rather than the “limit of disabilities.”

V-groove A shallow cut into the face of a material’s surface. It usually has an angled or 
chamfered profi le.

vargueño A Spanish drop-front writing cabinet on a chest or stand, popular in the 
sixteenth and seventeenth centuries.

varnish A transparent fi nish made from resinous material that dries to a hard shine.
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veneer A thin layer of wood typically 1/32 to 1/64 of an inch (0.8 mm to 0.4 mm) that is 
placed over or in another piece of wood to give the furniture the appearance of the 
outer wood material.

vernacular Furniture made locally or regionally, not necessarily by furniture professionals.

vernisseur French term for lacquerer.

V-groove A thin, beveled, recessed groove made into the face of lumber.

vitrine Furniture that has a glass top and sides, which is used for display.

volatile organic compounds Commonly referred to as VOCs. These compounds are 
organic chemical compounds that have high enough vapor pressures under normal 
conditions to signifi cantly vaporize and enter the atmosphere. Sources include thin-
ners, paints, adhesives, and solvents.

voyeuse A chair designed with a narrow back supporting a padded and upholstered, 
curved crest panel used for conversation. The user sat with his or her back to the front 
of the chair in a straddle position and rested the elbows on the armrest.

waterborne fi nish A fi nish that is conventionally referred to as water based. The fi nishes 
have low-VOC characteristics and are nonyellowing to the wood’s surface.

webbing Latticed leather, jute, burlap, rubber, or metal used to support upholstery, 
whether coiled springs or loose cushions are used.

wheelchair A chair mounted on wheels for a person in need of mobility.

wickerwork Made by weaving rods of cane, rattan, or willow together to form a durable 
surface. Typically used to make seats for chairs.

Windsor chair A chair originally made during the Queen Anne period with a saddle-
shaped wooden or rush seat, pegged legs, and back made of multiple turned 
spindles.

wood A relatively hard, fi brous, and cellular material that constitutes trees and bushes. In 
all, some 43,000 different species of wood-forming plants have been identifi ed (see 
W. Wayne Wilcox, Wood as a Building Material: A Guide for Designers and Builders 
[New York: John Wiley & Sons, 1991]).

workability The quality and ease of a material’s response and ability to being cut, carves, 
drilled, sanded, planed, folded, or shaped.

X-chair An ancient transportable and folding-type chair dating back to ancient Egypt, 
Rome, and the Middle Ages.

zeitgeist A German expression that means “the spirit (Geist) of the time (Zeit).” It denotes 
the intellectual and cultural climate of an era.
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Paimio chair, 351
Stool 60 and 65, 94, 95, 309, 351
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Abrasives, grit, 277, 278, 280, 281
Acrylic, 234, 243, 245, 247
Acrylonitrite-butadiene-styrene (ABS 

plastic), 210, 224, 243
Action Offi ce, 50, 75, 102, 103, 127
Adam Brothers, xv, 50, 198, 199, 200, 

332, 335, 336, 337
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Adam, Robert, xv, xxi, 35, 198, 199, 

200, 332, 336
Adhesives

animal glues, 224, 225, 369
contact adhesives, 225, 265
epoxides, 241
hide glue, 224 
polyurethane glues, 225
polyvinyl-acetate (PVA), 215, 224, 

225, 226, 260, 264
pressure sensitive adhesives, 226
rubber cement, 226
silicon, 226, 235, 238, 241, 265, 

278, 281
synthetic glues, 225
UV glue, 226
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Altar, 29, 41, 42, 61, 153, 184, 236, 
323, 369, 377

Aluminum, 39, 41, 71, 98, 134, 161, 
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218, 224, 238, 256, 278, 347, 
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Ambo, 29, 41, 42, 50, 369
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(ANSI), 144, 145, 160, 177
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Animal glue, 224, 225, 369
Anodizing, 208, 369
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Anthropometrics, 11, 130, 131, 137, 

139, 140, 369
Antony chair, 75, 98, 99
Apron, 80, 215, 369
Arad, Ron, 7, 54, 55, 64, 198, 199, 218, 

245, 357
Bad-Tempered chair, 246
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Chair by its Cover, Zig-Zag, 8
Soft Big Easy chair, 357
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Ark, 30, 41, 43
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Armoire, 28, 48, 58, 235, 236, 301, 
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Artek, 66, 72, 75, 94, 95, 230, 253, 
296, 302, 305, 352, 363

Artemide, 240, 243, 244
Art Nouveau, 342, 345, 346, 350, 370
Arts and Crafts movement, 267, 341, 

342, 343, 360, 370
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Asplund, Erik Gunnar, 148, 149
Asymmetrical, 164, 165, 375
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Aumbry, 321
Awl, 258, 281, 370, 373
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Iuta, 199, 200
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159, 227, 228, 257
Bamboo, 240, 252, 253, 332
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360, 370
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Beauty, 88, 126, 137, 150, 151, 156, 

160, 210, 227, 291, 302, 322, 
332, 341, 343, 344, 356, 360

Bed, 15, 20, 25, 29, 30, 32, 44, 45, 311, 
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342, 343, 344

bunk, 30, 44, 371
canopy, 25, 30, 44, 45, 322, 371
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Beech wood, 84, 85, 87, 268, 282, 337
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Teneride, 245, 246
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Bentwood, 84, 106, 158, 164, 337, 370
Berlin, Boris; xvii, 176, 180, 199, 245

Non Rubber, 245
Bound-Un-Bound, 134, 135
Berlyne, Daniel, 150, 160
Bernini Spa, 219
Bertoia, Harry, xxi, 75, 100, 101, 199, 

239, 355
Diamond chair, 355
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Wire Side chair, 75, 100, 101, 355
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Bing, Siegfried, 345
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Biomorphic, 276, 352, 370
Birch, 21, 48, 58, 59, 66, 72, 94, 97, 98, 

110, 118, 119, 123, 152, 159, 
216, 217, 227, 228, 249, 250, 
257, 260, 278, 282, 302, 351, 352

Bird’s eye, 210, 221, 249, 370
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Bit, 256, 258, 281, 282, 283, 284, 370

spade, 284
paddle, 284
Forstner, 284, 374

Block front, 335, 370
Block, The75, 114, 115
Blocs screen, 75, 88, 89
Blow armchair, 68, 69
Blow molding, 243, 244, 370
Board foot, 249, 257, 370
Board construction, 326
Boeri, Cini, Ghost chair, 75, 104, 105
Bold Furniture, 172, 173
Bombé, shape of, 80, 370
Bookworm, 64
Born, Gil, 20, 26
Boule, 250
Boullé, André-Charles, 329, 370
Branding, 293, 294, 299
Brass, 4, 27, 70, 78, 88, 206, 218, 236, 

238, 239, 273, 274, 329, 335, 
338, 370, 373

Brazilian cherry wood, 214
Breakfront, 371
Breuer, Marcel, 8, 56, 75, 90, 91, 126, 

214, 218, 239, 349
Laccio nesting tables, 349
Model B32, 56
Wassily club chair, 75, 90, 91, 239

Brianza, 301, 302
Bronze, 2, 72, 80. 125, 206, 224, 238, 

239, 274, 311, 314, 315, 316, 
330, 371, 372

Brunelleschi, Filippo, 321
Bruns, John, 135
Buffet, 27, 28, 30, 58, 75, 118, 119, 

321, 322, 371, 373
Bugatti, Carlo, 340

Built-in furniture, 67, 369, 371. See also 
Casework

Bunk bed, 30, 44, 371
Bureau, 25, 70, 143, 160, 301, 329, 

370, 371
Burl, 221, 227, 371
Burr, 285, 371
Business and Institutional Furniture 

Manufacturer’s Association 
(BIFMA), 160, 177, 370

Butterfl y/Sling chair, 230, 231
Byzantium, 317

Cab chair, 230, 231
Cabinet, 4, 27, 28, 29, 46, 67, 82, 83, 96, 

97, 108, 164, 167, 173, 179, 182, 
201, 228, 234, 235, 238, 258, 
259, 273, 274, 278, 300, 308, 
316, 325, 326, 327, 328, 329, 
331, 333, 369, 370, 371, 373, 381

Cabinetmaker, 82, 83, 115, 327, 329, 
330, 332, 335, 336, 339, 347

Cabinet-on-stand, 328, 331
Cabinet-Maker’s and Upholsterer’s Guide, 

The (Hepplewhite), 336
Cabinet scraper, 258, 259, 278
Cabriole leg, 82, 332, 334
Cambium layer, 221, 250
Cane, 203, 214, 218, 252, 253, 255
Canopy bed, 25, 30, 44, 45, 322, 371
Canted, 43, 56, 371
Cantor stand, 29, 41, 371
Carbon fi ber, 209, 371
Carved, 208, 222, 262, 311, 312, 314, 

315, 317, 319, 320, 323, 326, 
328, 332, 335, 347, 370, 371, 
375, 376, 379
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Case goods, 4, 27, 66, 67, 96, 182, 197, 
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Caster, 24, 44, 59, 72, 73, 118, 173, 

177, 273, 274, 290, 371
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Cathedra, 320, 372
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altar, 29, 41, 42, 61, 153, 184, 236, 
224, 269, 369, 377

ambo, 28, 29, 41, 42, 50, 215, 369

ambry, 29, 41, 42, 193, 321, 369
credence table, 29, 41, 323, 373
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font, 42, 374
gift table, 29, 41, 375
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presider’s chair, 29, 41, 373, 378
processional cross, 30, 41, 138, 379
tabernacle, 30, 41, 42, 380

C-clamp, 259, 372
Cevik, Gulen, DU, 65
Chadwick, Donald

Aeron chair, 23, 38, 75, 112, 113, 
218, 289, 292

Equa chair, 23, 38, 113, 162, 163, 
178, 289

Chairs: defi nition of, 2, 372
bentwood, 84, 106, 158, 164, 

337, 370
box-seated, 321, 
cane-seated, 203, 214, 218, 252, 253, 

255, 266, 275
director, 41, 71
folding, 51, 53, 70, 71, 266
Greek, 21, 22, 41, 49, 75, 76, 77, 

126, 313, 314, 315, 316, 317, 
320, 327, 332, 337

of estate, 320
rocking, 164, 177
stools, 17, 20, 21, 23, 46, 75, 94, 

160, 210, 211, 240, 244, 309, 
312, 313, 319, 320

wheelchairs, 20, 26, 27, 29, 31, 32, 
33, 177, 181, 182, 381

Chair-table, 69, 70
Chaise lounge, 40,
Chamfer, 273, 278, 372, 373, 381
Chapel of the Holy Cross, The, 64
Checking, 221, 372
Cherry (wood), ivx, 59, 108, 118, 119, 

152, 209, 214, 215, 222, 223, 
249, 256, 270

Chests, 17, 27, 28, 48, 79, 206, 311, 
312, 313, 314, 315, 317, 320, 
321, 323, 333,

marriage chest, 79, 322, 323
Chest-on-chest, 334, 372, 376
Chieftain chair, 67, 304
Chippendale furniture, xxi, 75, 82, 83, 

332, 334, 336
Chippendale, Thomas, 130

The Gentleman and Cabinet-Maker’s 
Directory, 82, 332

Chisels, 213, 258, 259, 260, 262, 281, 
282. 283,

Christenberry, William, 27
Christiansen, Poul, 180, 245
Christoffersen, Erling, xvii, xix, 130, 135, 

147, 210
Deck lounge, 135
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Chrome, 56, 91, 93, 101, 214, 238, 
274, 282, 347, 352, 355

Circle chair, 51, 52
Circular Form, 57, 68
Ciseleur, 80, 330, 372
Citterio, Antonio, 7, 199, 200, 289, 293
Classical Revival, 339
Classicism, 324, 331, 332, 336
Coat rack, 28, 52, 67
Coffee table, 28, 30, 56, 63, 67, 372
Cofferer, 275, 372
coffer, 75, 78, 312, 320, 372
Colbert, Jean-Baptiste, 328
Colombo, Joe, 198, 199, 244, 356

Tube chair, 244, 247
Comfort in seating, 76, 87, 90, 91, 93, 

100, 101, 102, 105, 106, 107, 
108, 110, 112, 113, 126, 129, 
130, 131, 133, 136, 137, 139, 
145, 146, 147, 150, 151, 154

Commode, 28, 75, 80, 81, 301, 370, 372
Composite boards, 224, 226, 372
Compound curves, 57, 80, 81, 99, 100, 

105, 354
Compressive strength, 213
Computer-Aided Design (CAD), 285, 

289, 359
Computer Numerical Control (CNC) 

Devices, 104, 105, 122, 123, 124, 
262, 263, 285, 286, 287, 357

Concrete, fi nishes, 219
Construction drawings. See Fabrication 

drawings, 167, 186, 187, 190, 193
Contact adhesive, 225, 260, 265, 372
Contract furniture, 35, 372
Conventional standards, 26, 
Copenhagen, Denmark, 4, 8, 24, 46, 57, 

67, 77, 85, 108, 115, 126, 130, 
147, 205, 248, 258, 276, 277, 
297, 299, 300, 302, 303, 305, 
306, 330, 352, 360

Coping saw, 258, 372
Copper, 206, 210, 212, 216, 222, 224, 

235, 238, 239, 247, 256, 281, 
284, 311, 344, 370, 372

Corbusier, Le, 3, 6, 74, 84, 88, 92, 154, 
155, 199, 337, 347, 348

Chaise longue, 3, 154, 155, 314, 347, 
372, 373

Grand Confort, 347
Siège à Dossier Basculant B301, 72, 

92, 93
Siege de Repos, 347

Cork, 211, 216, 249, 250
Cornell, Matthew, 75, 118
Coronatia chair, 321
Corrugated cardboard, 214, 240
COSMIT, 297, 367
Cot, 45
Couch, 17, 20, 67, 313, 314, 315, 316, 

372, 376, 380

Counter Reformation, 327
Countersink, 258, 373
Cradle, 318, 322
Craft, 1,7, 36, 48, 70, 98, 107, 130, 

156, 201, 262, 275, 278, 282, 
285, 286, 287, 288, 289, 290, 
292, 302, 309, 312, 322, 324, 
333, 338, 341, 342, 343, 344, 
345, 346, 350, 353, 356, 358, 
361, 362, 370, 373, 375, 377

Craftsmanship, 7, 76, 130, 203, 288, 
338, 341, 342, 353, 356, 358

Craftsman, The (magazine), 343
Craftspeople, 194, 201, 274, 290
Cranz, Galen, 130, 360
Credence table, 29, 41, 323, 373
Credenza, 28, 323, 373
Creep, 53, 210, 219, 373
Cross-Check chair, 75, 106, 107
Cross-cut, 221, 263, 264, 283
Cross-grain, 215, 264
Crown of the Torah, 43
Crystal Palace (London), 337
Culture, 130, 133, 149, 154, 155, 156, 

157, 202, 300, 301, 305, 306, 
309, 311, 315, 316, 317, 318, 
319, 320, 333, 337, 341, 350, 

Cumulative trauma disorders (CTDs), 143
Cupboard, 316, 317, 325, 327, 

369, 373
Roman, 314, 315, 316, 317, 319, 322, 

324, 327, 332, 335
Curly grain, 221, 373
Curvilinear, 56, 57, 58, 66, 68, 107, 167

Dado, 263, 264, 265, 268, 269, 271, 
273, 373

Danish, 135, 157, 209, 233, 289, 301, 
302, 303

Danish Design Center, 301, 366
Danish Museum of Art and Design, 366
Danmakersvan, 359
Danmarks Designskole, 130, 133, 147
Daybed, 30, 373
Deacon’s chair, 166, 167
Deck lounge, 135
Denmark, xix, 4, 23, 34, 35, 36, 46, 

55, 67, 68, 71, 108, 115, 130, 
147, 148, 161, 162, 172, 181, 
187, 188, 208, 209, 213, 218, 
234, 248, 266, 267, 277, 292, 
297, 299, 300, 303, 305, 306, 
310, 322, 352, 353, 360, 364, 
365, 366

Denmark’s International Studies Program 
(DIS), 2, 130, 147, 148, 172

De Pas, D’Urbino, and Lomozzi, Sciangai 
clothes stand, 51, 52

Design
defi nition, 1, 8, 9, 10, 373
principles

balance, 163, 164, 165
continuity, 163, 165
dynamism, 163, 165
hierarchy, 163, 165, 166, 167
juxtaposition, 163, 167
pattern, 163, 165, 167, 168, 201
proportion, 163, 168, 169, 

170, 171, 175, 184, 185, 
186, 188, 192

rhythm, 163, 167, 168
scale, 163, 168, 169, 170, 172

Design process, 161, 163, 171, 
172, 175, 176, 182, 183, 185, 
186, 187, 189, 190, 191, 194, 
195, 198

Design phases
predesign, research, and 

programming, 190, 191
schematic, 170, 182, 186, 190, 192
design development, 190, 192, 193, 

194
fabrication drawings, 186, 190, 193
pricing/contract negotiation, 190, 194
shop drawings, working prototypes, 

190, 195
fabrication, 1, 2, 3, 7, 9, 10, 11, 12, 

13, 15, 255, 256, 258, 260, 262, 
264, 265, 266, 268, 270, 272, 
274, 276, 277, 278, 280, 281, 
282, 284, 286, 287, 288, 289, 
290

delivery and installation, 190, 196, 
197, 
198, 280

Design Thinking, 171, 173, 175
Design Within Reach (DWR), 287, 305
Desk, 2, 25, 29, 33, 46, 55, 63, 66, 70, 

96, 101, 145, 146, 161, 177, 
182, 230, 319, 326, 327, 337, 
342, 354

De Stijl, 86, 87, 347, 349
De Wolfe, Elsie, xv, 200
Diamond wire chair, 100, 101, 355
Dickerson, Mary, 15
Diffrient, Niels, Freedom chair, 

137, 140
Director’s chair, 41, 71
Disk sander, 259, 284, 373
Ditzel, Nanna, Trinidad chair, 75, 

108, 109
Doesburg, Theo van, 86, 347
Dondolo rocker, 58
Doreur, 80, 330, 373
Dovetail joint, 56, 251, 265, 269, 270, 

281, 373
Dowel, 66, 76, 87, 215, 251, 256, 

266, 267, 272, 283, 284, 
373, 380

Dowel pin, 251, 266, 373
Dowry chest, 78, 79, 323
Draw table, 71, 373
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Drawings
axonometric, 173, 185
computer-generated, 164, 172, 173, 

182, 183, 184, 185, 186, 187, 192
construction drawings, 167, 187, 190, 

193, 194, 
fabrication drawings, 186, 187, 190
overlays, 185, 186
parti sketch, 185, 378
perspectives, 173, 186, 
scaled, 168, 172, 175, 176
shop drawings, 190, 195, 256, 257
sketches, 162, 168, 170, 176, 182, 

183, 184, 185, 186, 192, 193
Dresser, 27, 325, 371, 373
Dreyfuss, Henry, xiii

The Measure of Man, 140
Drills, hand, press, pillar drills, 283, 284
Drop front, 379, 381
Du Cerceau, Androuet, 325
Ductility, 211, 216
Du Pont, 208, 245
Dürer, Albrecht, 324, 327

Eames, Charles and Ray, xiii, xxi, 75, 96, 
97, 98, 130, 175, 198, 199, 227, 
262, 298, 347, 352, 355

ESU 400 Series, 96, 97, 165
molded plywood, 227, 248, 262, 

353, 354
lounge chair, 151, 174, 175, 179
Eames chaise, 165

Easy chair, 354
Ébéniste, 80, 81, 323, 329, 330, 

341, 373
Ebony wood, 136, 211, 311, 314, 324, 

325, 327, 328, 329, 373
Eckardt, von Wolf, 348, 360
Eclecticism, 337, 338, 339
École des Beaux-Arts (Paris), 184
Edge grain, 221, 228, 373
Edge joinery

scarf, 273
fi nger, 265, 267, 270
spline, 268, 271, 273, 370

Edge profi le, 265
Edict of Nantes, 328, 329
Egyptian, 206, 224, 235, 251, 281, 311, 

313, 314
ancient furniture, 307, 311
Old Kingdom, 310, 312

Einstein, Albert, 255, 347
Elica table, 237
Ellis, Harvey, 344
Empire style, 339
Emphasis, 163, 164, 165, 167, 197
Empirical knowledge, 171, 374
Enamel, 206, 237, 374
End grain, 215, 221, 230, 374
Epoxy resin glues, 217, 219, 241, 245, 

265, 374

Equa chair, 23, 38, 163, 178, 191
Equa 2, 162
Ergonomics, 3, 10, 11, 12, 17, 50, 130, 

131, 133, 137, 138, 139, 140, 
142, 143, 145, 146, 154, 160, 
291, 374

Esquisse, sketch, 184, 185
Etruscan civilization, 315
Etruscan tomb, 315
Euclid, 152, 154
Exeter library (L. Kahn), 67

Fabric, 204, 207, 208, 211, 214, 218, 
220, 229, 230, 232, 244

Fabrication, 1, 2, 3, 7, 9, 10, 11, 12, 13, 
15, 21, 22, 31, 48, 51, 53, 54, 58 
129, 130, 133, 153, 154, 158, 
159, 161, 167, 172, 176, 178, 
180, 185, 186, 187, 188. 190, 
191, 193, 194, 195, 196, 197, 
198, 201, 203, 204, 221, 228, 
255, 256, 258, 260, 262, 264, 
265, 276, 277, 278, 281, 282, 
284, 286, 287, 288, 290, 374, 
375, 379

Fabrication drawings, 186, 187, 190
Fallingwater (Bear Run, PA), 198, 199
Federal style, 77, 335, 374
Fehlbaum, Rolf, 300
Ferrari-Hardoy, Jorge, Hardoy chair, 230, 

231. See also Butterfl y/Sling chair
Ferrieri, Anna Castelli, 243, 244
Fiam Italia, 75, 104, 105, 237
Fibonacci series, 153, 154, 171
Figure, 221
Filing Cabinet, 29
Finger joint, 265, 267, 270
Finishes, 232, 234

carnauba wax, 234
Danish oil, 233
lacquer, 206, 208, 212, 220, 222, 228, 

232, 233, 234, 241, 376, 381
nitrocellulose lacquer, 220, 233, 

279, 376
polyacrylic, 234, 260, 278
polyurethane, 203, 208, 217, 218, 

222, 225, 230, 233, 234, 241, 
242, 243, 244, 245, 278, 279

shellac, 211, 279, 
soap fl akes, 234

Finland, 94, 247, 253, 293, 296, 302, 
309, 351

Flat pack, 66, 178, 296. See also Knock 
down

Flexform, 244, 364
Flitch, 252, 274
Flory, Janet, 75, 118
Flou, 300, 302, 364
Fondeur, 80, 330, 374
Font, baptismal, 42, 374
Foosball table, 39

Forbes, Rob (DWR), 296
Forest Stewardship Council (FSC), 179
Form, 21, 25, 26, 34, 40, 41, 47, 48, 

50, 51, 52, 53, 54, 55, 56, 57, 
58, 59, 60, 66, 68, 70, 74, 133, 
137, 139, 140, 144, 150, 151, 
154, 155, 156, 157, 158, 160, 
162, 164, 165, 168, 171, 176, 
182, 184, 185, 186, 188, 189, 
191, 192, 193, 195, 197, 200, 
201, 202

Formica, 26, 47, 73, 207, 242
Forstner bit, 284, 374
40/4 chair, 35
France, 301, 304, 319, 320, 321, 324, 

325, 326, 327, 328, 329, 331, 
332, 343, 347, 366

Frankl, Paul, 27
Fredericia Stolefabrik, 75, 108
Freedom chair, 137, 292
French cleat, 67, 273, 374
French Rococo, 75, 80, 83, 329, 330, 

331, 375, 377
Fretwork, 332, 375
Fritz Hansen, 294, 300, 302, 305, 

343, 353
PK 9, 57
PK 24, 253, 255
PK 54, 67, 68
Ant chair, 35, 352
Egg chair, 352, 353
Series 7 chairs, 35
Swan chair, 352, 353

FrontGate, 296, 305
Fuller, Buckminster, 150, 160
Function, 2, 3, 8, 10, 17, 19, 27, 28, 

36, 37, 42, 47, 56, 58, 59, 72, 
74, 97, 100, 106, 119, 131, 132, 
133, 137, 138, 144, 154, 155, 
163, 164, 172, 182, 183, 191, 
192, 201, 315, 325, 326, 343, 
350, 356, 358

Furniture classifi cations
based on function

sitting, squatting and resting, 20–25
activities: eating, reading, typing, 

and working, 25–27
containing, displaying, and 

organizing, 27–28
partitioning space, 28

based on social use: 29–49
healthcare, 31–33
hospitality, 33–35
institutional, 35–36
multi-functional, 36–38
offi ce, 38–39
recreational, 39–41
religious, 41–44
residential, 44–47
retail, 47
storage, 48–49
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Furniture design, xiii, xiv, xv, 1 , 2, 6, 7, 
8, 10, 11, 12, 13, 14, 16, 74, 76, 
83, 94, 104, 108, 126, 129, 130, 
132, 133, 137, 143, 147, 148, 
151, 152, 155, 158

Furniture styles and periods
Adam, xv, 45, 50, 83, 198, 199, 200, 

332, 336, 337
Chippendale, 75, 82, 83, 130, 

198, 200, 306, 332, 334, 336, 
372, 377

Egyptian, 206, 224, 235, 251, 281, 
311, 313, 314

Greek, 21, 22, 41, 49, 75, 76, 77, 
126, 129, 143, 152, 167, 260, 
261, 313, 314, 315, 316, 317, 
320, 327, 332, 337

Islamic, 316, 317, 319
Louis XIV, 80, 326, 328, 329
Medieval, 316, 318, 320, 321, 

332, 341
Queen Anne, 334, 371, 379, 381
Renaissance, 321, 322, 324, 325, 

326, 340
Roman, 310, 314, 315, 316, 317, 

319, 322, 324, 327, 332, 335
French Rococo, 329, 330, 331
William and Mary, 333, 334

Furniture typological orders
built-in, 61, 66, 57
freestanding, 66, 67, 68
fl at pack, knock down, 66
movable, 66, 72
sectional, 56, 58, 68

Furniture repair, 281
Futon, 20, 25, 30, 37, 375

Gallery, 27, 28
Gallery pedestals, 28
Gallé, Émile, 342, 343, 345
Galvanic action, 238, 375
Galvanized steel, 239, 375
Gateleg table, 30
Gatti, Paolini & Teadoro, il Sacco, 23
Gaudí, Antoni, 289, 346, 350

settee, 346
Geddes, Norman Bel, xv, 361
Gehry, Frank O., 75, 106, 107

Cross Check arm chair, 75, 106, 107
Easy Edges, 240, 356, 357
Face Off table, 106
Hat Trick, 106
Little Beaver, 214
Power Play, 106
Wiggle, 356, 357

Geometry, 150, 152, 154
Georgian Period, 82
Germany, 294, 297, 320, 327, 329, 337, 

338, 345, 348, 364, 366, 367
Gestalt, 163, 362, 375
GF Furniture Systems, 40/4 chair, 35

Ghianda, Pier Luigi, xiii, xviii, 255, 288
Ghost chair, 75, 104, 105, 237, 287
Gift table, 29, 41, 375
Gilders, 80
Gilding, 312, 319, 375
Giogetti, 294, 302, 363
Glass, 56, 104, 105, 206, 207, 208, 210, 

214, 218, 219, 220, 222, 224, 
226, 232, 235, 236, 237, 238, 
241, 243, 245, 256, 257, 265, 
278, 280, 287, 307, 310, 337, 
342, 345, 347, 350, 352, 371, 
374, 380, 381

invention of, 206, 235
annealed, 219, 235, 237, 380
cast, 219, 235, 236, 237, 371
fi bers, 207, 241, 243, 374
fl oat, 105, 208, 219, 235, 380
plate, 56, 280
safety, 237
stained, 219, 236
Starphire, 237
tempered, 42, 219, 222, 235, 

237, 280
Glides, 118, 273, 274
Globe Furniture, 68
Glues, 56, 76, 84, 94, 95, 107, 121, 

123, 136, 159, 179, 209, 215, 
224, 225, 226 , 228, 240, 241, 
248, 252

thermoset, 107, 218, 219, 223, 241, 
243, 374, 378, 380

Godoy, Emiliano: xviii, xx, 2, 75, 
120, 121, 179, 180, 195, 196, 
199, 201

Knit chair, 2, 75, 120, 121
Weidmann chair, 195, 196
Z-Bench, 180

Godwin, Edward William, 339
Golden Section, 152, 153, 154, 169, 171, 

369, 375
Gothic style, revival, 339, 342
Grand Rapids, 304, 346
Grain, 94, 107, 115, 135, 136, 156, 179, 

193, 211, 212, 213, 214, 215, 
220, 221, 222, 227, 228, 230, 
233, 235, 238, 248, 249, 250, 
251, 263, 264, 272, 277, 278, 
281, 332 

cathedral grain, 251, 252, 378
Granite, 211, 219, 222, 247, 256, 257, 
Grasses, 248, 252, 255
Gravity, 51, 
Gray, Eileen, 8, 75, 88, 89, 199, 200

Bloc screen, 75, 88, 89, 349
steel-frame & glass table, 350
Transat chair, 349, 350

Grcic, Constantin, 246
Greece: 310, 315, 337

archaic and classical, 313
reclining furniture, 315

Green design, 130, 178, 179, 180, 375
Greene (Charles Summer) and Greene 

(Henry Mather), 344
Greenough, Horatio, 154
Gropius, Walter, 348, 349
Grum-Schwensen, Troels, Waterlily, xvii, 

67, 68
GUBI, 180, 208, 299, 300, 302
GUBI II chair, 180, 181, 248
Guerrilla retail, 298
Guilds

craft, 322, 324, 329, 330, 341
French, 80, 330

Guimard, Hector, 345

Hall, Edward T., 148, 149, 155, 160
social distances, 148, 149

Hammock, 20
Hammond, Bradley, anthropometry, 

139, 160
Hand tools, 256, 258, 260, 281, 

282, 283
Hannah, Bruce, 289
Hanson, Erika, Weidmann chair, 

195, 196
Happy Hour, 277
Haptic sensation, 15, 138, 211, 214, 

218, 375
Hardware, 237, 238, 256, 257, 263, 

265, 273, 274
Hardwood, 212, 214, 221, 223, 227, 

248, 249, 250, 374, 375
Hatano, Yoshiharu, xviii
Havelskov, Jorgen, Harp chair, 275
Hayworth, 346
Healthcare furniture, 29, 31
Heath, Sir Thomas, 152
Heartwood, 249, 250
Heartwood Furniture Company, 

9, 153, 196
Hepplewhite, George, 198, 199, 200, 

332, 336
Herman Miller, 23, 34, 38, 39, 50, 54, 

56, 62, 75, 95, 96, 102, 103, 
134, 162, 174, 178, 179

Action Offi ce, 38, 50, 54, 62, 
102, 103

Aeron chair, 23, 38, 112, 113
Eames Lounge, 151, 179
Equa chair, 23, 38, 178
ESU, 96
MAA chair, 134
Marshmallow chair, 355
Mirra chair, 23, 38, 54
Noguchi coffee table, 56
Platform bench, 34
Resolve offi ce system, 39

Hermansen, Anders, Trådskitsestol, 241
Wire Sketch chair, 213

Hide glue, 76, 224, 314, 375
Highboy, 30, 334, 372, 376
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Highpoint Furniture Market, 296
Himmelblau, Coop, 161
Hoffmann, Josef, 8, 345
Hogarth, William, 332, 362
Hone, 219, 222, 247
Honey-Pop Armchair, 240
Hope chest, 48, 79, 323, 373, 376
Hosoe, Isoa, Elica table, 237
Human Body Support, 2, 19, 20, 21, 

23, 26
Human factors, 11, 12, 13, 14, 130, 

131, 132, 137, 138, 139, 140, 
143, 197, 358, 376

Humanscale: 38, 137, 142, 182
Whale mouse, 182
Freedom chair, 38, 137, 289, 292

Hutch, 28, 30, 376
Hvass, Niels, Yesterday’s Paper, 24, 302

iBOT, 32, 33
Iconostasis screen, 42, 376
IKEA, 31
Il Sacco, 23, 296
Industrial Revolution, 107, 181, 227, 

275, 337, 338, 341
Infl atable furniture, 68

therapy balls, 20, 23, 53, 57, 68
gym balls, 57, 292

Injection-molding, 282
Inlay, 152, 236, 237, 312, 319, 321, 

322, 324, 332, 336, 344, 347, 
370, 374, 376

Institutional furniture, 35, 160, 177, 
288, 290, 370

International Contemporary Furniture 
Fair (ICFF), 247, 297

International Organization for 
Standardization (ISO), 177

International style, 338
Ipe, 40
Ischial tuberosities, 144, 376
Islamic furniture: 317

kavukluk, 318
minbar, 30, 41, 43, 44, 377
prayer rug, 30, 43, 44, 317, 378
rahle, 318, 319

Italian furniture, 127, 241, 245, 301, 
306, 356

Italian Renaissance, 324, 371, 379
Italian Trade Commission, 

FORMA, 301
Iterative sketches, 185, 186, 376
Iuta chair, 199

Jacobsen, Arne, 35, 46, 199, 302, 305, 
352, 353, 374

Ant chair, 35, 352
Egg chair, 305, 352
room 606 SAS Radisson hotel, 46
Series 7 chairs, 35
Swan chair, 302, 352, 353

Jalk, Grete, Easy lounge, 23
Japanese saws, 258, 283
Japanning, 331, 376
Jastrzebowski, Wojciech, 143, 160
Jeanneret, Charles-Édouard, 75, 92. 

See also Le Corbusier, 3
Jeanneret, Pierre, 3, 75, 92, 154, 155, 

347, 348
Jefferson, Thomas, Monticello, 25
Jimmy’s Buffet, 75, 118, 119
Joiner, 281
Joinery, 56, 69, 133, 137, 154, 159, 164, 

169, 171, 172, 185, 193, 225, 
250, 265, 267, 271

blind mortise and tenon, 272
butt, 215, 229, 266, 268, 270, 271, 273
cross-lap, 268, 269, 270
dado, 265, 268, 269, 271, 273, 373
dovetail, 56, 251, 265, 269, 270, 281, 

311, 312, 321, 373
fi nger, 265, 267, 270
lap, 270, 271, 273
miter, 265, 267, 270, 271, 311, 312, 

326, 377
quirk, 264, 278, 379
rabbet, 15, 272, 379
scarf, 273, 312
shiplap, 270. 273
spline, 268, 271, 273, 370

Jointer, 15, 136, 260, 263, 283, 284
Johnson Wax, S.C., 72, 73
Jouin, Patrick, oneshot.MXG stool, 290
Joyce, Ernest, 201, 248, 255, 287
Judd, Donald, 58, 201
Jugendstil, 345
Juhl, Finn, 67, 199, 302, 303

Chieftain chair, 67
Juré des menuisiers et ébénistes 

(J.M.E.), 330

Kakebuton, 37
Källemo, 176, 303
Kamen, Dean, iBOT, 32
Kartell, 64, 204, 205, 240, 243, 244, 

245, 246, 293, 294, 296, 300, 
305, 356

Louis Ghost, 293
Plastic T-tables, 205

Kas, 320, 376
Kavukluk, 318
Kerf, 122, 123, 285, 376
Kent, William, 331
Kiesler, Frederick, 238
Kiln drying, 250, 338, 376
Kita, Toshiyuki, Wink lounge, 
Kite chairs, 199, 200
Kjærholm, Poul, 36, 161, 162, 199, 200, 

238, 289, 302
PK 9, 57
PK 15, 293
PK 24, 253, 255

PK 25, 213
PK 54, 67, 68

Kline, 313, 314, 376
Klint, Kaare, 181, 209
Klismos, 21, 22, 75, 76, 77, 260, 313, 

314, 376
Knock down (KD), 66. See also Flat pack
Knoll, Florence, 22, 166, 199, 200, 352
Knoll International, 200, 291, 293, 294, 

305, 349, 352, 355, 357
Cross Check armchair, 75, 106, 107
Hat Trick, 106, 164
MR lounge chair, 215
Petal table, 150
Sling/Butterfl y chair, 230, 231
Wassily Club chair, 75, 90, 91
Wire side chair, 75, 100, 101, 355
Tulip chair, 291, 352

Knotted chair, 242
Koch, Mogens, 4, 71, 133
Komplot Design, 134, 135, 176, 180, 

181, 245, 248, 302, 303, 306
Bound-Un-Bound, 134, 135
GUBI II, 180, 181, 248
Non Rubber, 175, 176, 245, 303

Koolhaus, Rem, 34
Korhonen, 94, 95
KorQ chair, 216
Kouwenhoven, John, 160
Krogh, Erik, 53, 54, 255
Kyphosis, 20, 145, 376

Lacquer, 4, 72, 80, 87, 88, 97, 108, 
165, 206, 212, 228, 232, 234, 
241, 260, 274, 277, 278, 281, 
319, 326, 330, 331, 349, 351, 
376, 381

natural, 4, 220, 233
nitrocellulose, 208, 220, 233, 279, 376
oriental, 376
precatalyzed, 220, 233, 279, 376

Lalanne, Francois-Xavier, 71
Laminated plywood, 22, 53, 54, 97, 106, 

165, 228, 248, 262, 352
Lane, Danny, Atlas table, 237
Laarman, Joris, 241, 242
Lassen, Peter, 37, 38
Lateral force, 21, 51, 66, 133, 164, 172, 

210, 290, 376
Lathe, 247, 251, 252, 260, 281, 314, 

377, 380
Leap chair, 38, 289
Leather, 210, 212, 214, 218, 220, 224, 

229, 230, 231, 232
Spanish leather, 232

Lectern, 25, 27, 29, 30, 43, 327
Lewis, Greg, Araneae coffee table, 75, 

122, 123
Lexan plastic, 245
Lexicon, 12, 15, 16
Lift chair, 31, 33
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Ligne Roset, Maly bed, 45
Limestone, 211, 222, 247
Lit de repos, 324
Liturgical furniture, 29, 41, 43
Live load, 51
Living Units, 75, 110, 111
Loewy, Raymond, vx
Lomazzi, Paolo, 51, 52, 68, 69
Loos, Adolf, 345
Louis XIV, 80, 326, 328, 329
Louis XV, 80, 330, 339
Louis Poulsen, 300
Louisiana Museum of Modern Art, 36, 

68, 161, 162, 172, 187, 188
Love seat, 30, 340, 355
Lowboy, 334
Lowenstein, 287, 288
Lucie-Smith, Edward, 362
Lumber, 209, 212, 213, 214, 215, 221, 

248, 249, 250, 251
Lumbar lordosis, 20, 138, 144, 145
Lundin, Bjørli, 147, 148
Luster, 220, 221, 234
Lynn, Greg, 158

M2L, 8
MacDonald, Margaret, 44, 45
Mackintosh, Charles Rennie, 7, 44, 197, 

342, 343
Maddox, Eva, xiii
Magistretti, Vico, Selene chairs, 199, 

243, 244
Mahogany, 209, 211, 222, 227, 228, 

249, 
250, 252

Maloof, Sam, 7, 131, 165, 201, 292, 
293, 356

rocker, 131, 166
Mallet-Stevens, Robert, 4
Maly bed, 45
Mandel, A. C., 147
Manzini, Ezio, 204
Maple, 36, 68, 69, 82, 106, 107, 108, 

164, 167, 195, 210, 211, 215, 
220, 221, 234, 248, 249, 250, 
257, 261, 270, 278, 287, 314, 
356, 370, 375

Marble, 61, 68, 76, 80, 211, 222, 247, 
256, 257, 263, 314, 316

Marlborough legs, 83, 377
Marcus, Clare Cooper, 155 
Marquetry, 80, 330, 370, 377 
Material Takeoff, 256
Materials, properties of, 204, 208, 209, 

210, 211, 212, 213, 214, 216, 
218, 220, 222, 224, 235, 239, 
240, 241, 250

absorptive quality, 211
cellular structure, 212
compressive and tensile strength, 213
density, 214

dimensional change, 214
ductility, 216
elasticity, 217
expandability, 217
stability, 219
surface qualities, 220
visual aspects of fi nished wood, 220
visual aspects of unfi nished wood 

surfaces, 221
workability, 222

Matta, Roberto, Malitte, 59
Mattress, 20, 37
McDonough, William, 178, 180 
McDonough Braungart Design 

Chemistry, 180 
McIntire, Samuel, 335
Meda, Alberto, 245

Light Light, 245
Soft Light, 245 

Medium-density fi berboard (MDF), 124, 
125, 208, 209, 219, 226, 227, 
252, 257, 
266, 377

Medical beds, 32
Medieval, 316, 319, 320, 321, 332, 

341, 369
Medullary Rays, 221 
Melamine, 207, 241, 376, 377
Mendini, Alessandro, 69, 70, 199
Mensa, 263, 316, 377 
Menuisier, 80, 81, 327, 328, 329, 

330, 377 
Metals, 137, 193, 204, 210, 211, 212, 

214, 218, 224, 235, 238, 239, 
255, 256, 258, 263, 278, 279, 
280, 284, 285, 316, 338, 371, 
372, 375

fi nishes, 232, 234
mounts, 80, 151, 206, 330, 374

Metronaps pod, 55
Metropolitan Museum of Art (New York 

City), 366
Middle Ages, 78, 230, 281, 320, 321, 

372, 381. See also Medieval 
design

Mikkelsen, LasTingskov, 37
Millwork, 5, 44, 67, 122, 156, 227, 

235, 377
Minbar, 30, 41, 43, 44, 377
Mira Spectrum chair, 228
Mirra chair, 23, 38, 54, 
Mission furniture, 343, 344, 
Miter joints, 265, 267, 270, 271, 311, 

312, 321, 326, 377, 
Mobile, 5
Mock-up, 172, 173, 174, 188, 189, 377 
Modernism, 85, 90, 98, 154, 155, 342, 

346, 347, 349, 350, 351, 353, 
355, 357, 377

Modern Movement, 90, 337 
Modez clips, 273 

Modular furniture, 58 
Moisture content, 137, 214, 222, 235, 

250, 369, 376 
Molded plywood, 99, 228, 261, 351, 

352, 353, 354, 355 
Molding

blow, 206, 219, 235, 236, 243, 
244, 370

rotational, 243 
injection, 15, 53, 163, 208, 243, 

244, 282 
Mollino, Carlo, 199, 200, 350 
Molo, 240
Mondrian, Piet, 86, 373, 
Monticello (Virginia), 25, 
Morgensen’s Børge, 135, 136, 302, 
Windsor-type armchair, 135, 136, 

137, 381, 
Morris, William, 199, 200, 341, 342, 

343, 346, 360, 377, 
Sussex chair, 341, 
Morris chair, 277, 377, 

Morrison, Jasper, Cork Tables, 211,  
Mortise-and-tenon, 83, 215, 225, 251, 

265, 267, 272, 281, 311, 319, 
344, 377

Moser, Koloman, 345 
Mosque, 5, 43, 44, 50, 319, 377 
Movable furniture, 66
MR chair, 214, 252 
Mueck, Ron, “Boy,” 23 
Multifunctional furniture, 29, 36
Murphy bed, 25, 338 
Museum of Modern Art (New York City), 

23, 36, 68, 96, 126, 161, 162, 
172, 187, 188, 353

Musée du Louvre, 6
Muthesius, Herman, 342, 360, 

Nakashima, George, 7, 53, 201, 292, 
293, 356

Conoid chair, 53
Nancy, France, 7, 98, 332, 333
Nanotechnology, 204, 358
National Hardwood Lumber Association 

(NHLA), 214
Nelson, George, 34, 134, 199, 294, 

347, 355 
Coconut chair, 294 
MAA chair, 134
Marshmallow chair, 355 
Platform bench, 34 

Neo Classicism, 77, 336, 377
NEOCON, 297
Neoprene, 59, 118, 119, 152, 208, 

245, 378
Ner Tamid, 43 
Nested tables, 30, 378
New Craftsmanship, 356, 358
Newson, Marc, 200, 358
Nienkämper, 53
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Nintendo Power, 56 
Nitrocellulose Lacquer, 208, 220, 233, 

279, 376
Noguchi, Isamu, 56, 199, 200, 352 
Nominal dimension, 257, 378 
Non Rubber chair, 176, 303 
Normandie, 347
Nurmesniemi, Antti, sauna stool, 21
Nylon: fi rst invented, 208

glide, 97

Oak, red, 136, 179, 219, 249, 333
Off-gassing, 3, 178, 375, 378
Offi ce furniture

chairs, 23, 29, 38
systems furniture, 35, 38, 102
workstations, 25, 29, 38, 50, 58, 62, 

156, 172, 174 
Oil fi nish, 211, 220
Olivetti, 294
One-off, 357
Orthogonal, 56, 58, 63, 64, 68, 87, 167 
Ossuary, 41, 378 
Ottoman, 24, 151, 179, 214, 276, 319, 

352, 372, 378

PP Møbler, xviii, 36, 37, 52, 266, 277, 
302, 303

Panton, Verner, 5, 34, 37, 38, 53, 200, 
228, 240, 244, 302

Living Tower, 34, 35
Mira Spectrum chair, 228 
S-chair, 53
Wire Cube, 38

Paradigm, 6, 11, 132, 155, 163, 180, 
197, 308, 338, 378

Paresthesia, 144, 378
Particleboard, 219, 220, 226, 372
Parti Sketch, 185, 378
Paser system, 105, 237
Pathways, 75, 116, 117
Patina, 39, 210, 212, 220, 230, 238, 

281, 378, 
Pattern, 145, 149, 155-157, 163, 165, 

167, 168, 201, 229, 232, 237, 
250, 251, 256, 263, 265, 317, 
318, 325, 327, 332, 341, 348, 
369, 373, 374

Paustian, 8, 299, 305, 306
Paxton, Joseph, 337
Pedersen, Ejnar, 36
Pedersen, Soren Holst, xviii 
Pedestal table, 30, 378
Pel chair, 92, 252
Pellicle, 112, 113
Perriand, Charlotte,  
Pesce, Gaetano

Epoxy resin 523 Broadway chair, 219
UP Series, 217, 296

Petal table, 150
Phyfe, Duncan, 335

Picasso, Pablo, 150
Pile, John, xviii, xxii
Pillar drills, 284
Pilot hole, 370 
Pith, 250, 378
Pitman, Benn, 341
Plain sawn, 214, 215, 250, 251, 378
Planer, 260, 263, 283, 284, 378
Planes: Block planes, Hand planes, 

Jack planes, 283
Plastic laminate, 208, 218, 225, 

226, 242
Plastics, 240, 347

thermoplastics, 241, 243
thermosetting, 219, 241

Plexiglas, 243
Plywood, 87, 97, 99, 106, 110, 

116, 118, 120–123, 125, 219, 
228, 297, 249, 347, 351–355, 
359, 378

laminated and molded, 98, 228 fi rst 
invented, 

marine grade, 219
Polyacrylic, 234
Polycarbonate, 208, 245
Polycarbon fi ber, 209
Polyethylene (PE), 41, 243
Polymers, 188, 204, 209, 224, 226, 

240, 241
Polypropylene, 208, 210
Polystyrene, 208, 225, 243, 244
Polyurethane (PU), 40, 53, 203, 208, 

217, 218, 222, 225, 233, 234, 
241, 243, 244

Polyvinyl acetate (PVA), glue, 225
Polyvinyl chloride (PVC), 68, 207, 

243, 244
Ponti, Gio, Superleggera, 266
Popliteal dimension, 140, 141, 144, 378
Porcelain, invented, 206
Portugal, 326, 327
Postell, Jim, 75, 118

Baltic Birch chair, 152
Du, 65
Jimmy’s Buffet, 75, 118, 119
Music Machines, 59, 60
Nintendo Power, 56
Flat fi le, 48
Writing desk, 66

Post Occupancy Evaluation (POE), 155
Posture, 20, 22–24, 26, 34, 130–132, 

140–148
Poulsen Lighting, 300
Power tools, list

miter saw, 264
spindle sander, 259
table saw, 259, 261, 263, 264, 283
jointer, 260, 263, 283, 284
planer, 260, 263, 283, 284
power drill, 283, 284 
reciprocal saws, 264

Prayer rug, 30, 43, 44, 317, 378
Precompressed wood, 251, 378
Presider’s chair, 29, 41, 166, 373, 378
Prie-dieu kneeler, 42, 379
Processional cross, 30, 41, 138, 379
Programming, 190, 191
Proportion, 58, 76, 88, 105, 109, 126, 

139, 150, 152–154, 163, 168–
171, 175, 184–186, 188, 192

Propst, Robert, Action Offi ce, 62, 
75, 102

Prouvé, Jean, 350, 351
Antony chair, 75, 98, 99

Prototype, 3, 9, 51, 94, 98, 106, 121, 
124, 131, 158, 159, 161, 
172–176, 190, 195, 204, 251, 
282, 286, 288, 379

Proxemics, 137, 147–149, 379
Pugin, August Welby Northmore, 

341, 342
Puhalla, Matt, 14
Pulpit, 156
Pye, David, xviii, 130, 201, 289, 355, 356
Pyrex, 237

Quadens, Pol, CO6, 209
Quarter-sawn, 214, 215, 221, 251, 279
Queen Anne style, 15, 334
Quirk joint, 264, 278, 379

Rabbet joint, 272, 379
Radial symmetry, 165
Rahle, 318, 319
Rail, 321, 326, 379
Rashid, Karim, 199, 200, 358

Kite chair, 199, 200
Ready-made, 27
Reclining chair, 379
Recreational furniture, 5
Recycling, 239
Red and Blue chair, 75, 86, 87, 

219, 347
Red oak, 221, 249
Régency style, 75, 80 
Relief, 76, 88, 379
Religious furniture, 5
Renaissance, 154, 321, 322, 324–326, 

340
Repairing, 224, 281
Repeated trauma disorders, 143
Residential furniture, 5, 8, 30, 44
Resolve, 39
Restaurant furniture, 28, 29, 33, 34
Retail furniture, 5, 31, 37, 47
Richter, Gisela, 76
Ridder, Clara, A, 144
Rietveld, Gerrit T., 86

Red and Blue chair, 75, 86, 87, 219, 
347

Zig-Zag chair, 56
upholstered lounge chairs, 348
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Rift-sawn, 250–252, 379
Rilsan, 101
Rip cut, 263
Rivlin, Leanne, 155
Rocking chair, 164, 177
Rococo style, 329–332
Rohe, Ludwig Mies van der, 130, 131, 

194, 197, 199, 214, 218, 252, 
348, 349

Barcelona chair, 348, 349
MR chair, 348, 349, 214, 215
Brno chair, 349

Roman furniture, 315, 316
Romanesque, 319
Rosewood, 209
Roto molding, 54, 55
Rowland, David, xvii, 35

40/4, 35
Roycrofters, 344
Rubber, 72, 98, 108, 206–208, 245, 247

synthetic, 245
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Z-Bench, 179
Zanuso, Marco, child’s stacking chair, 
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Figure color-1 This bed was made for Valtesse of Bigne in 1875 by Edouard Lièvre (1828–1886). The bed is made out of wood, 
bronze, with velvet green silk. Photography by Jim Postell, 2011.
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Figure color-2 The shrank was a modifi ed wardrobe that resembled the Dutch kast (akin to the armoire). It was typically fabricated in sections due 
to its large size and brought to the United States by immigrants who settled in the colonies. This piece was made in 1790, using tulipwood decorated 
with paint and wax inlay techniques as a relatively inexpensive way to embellish the shrank. Photography by Jim Postell, 2011.

binsert.indd   2binsert.indd   2 10/09/12   11:06 PM10/09/12   11:06 PM



Figure color-3 Desk and bookcase, ca. 1735, England, Attributed to Giles Grendey (1693–1780) Walnut with red and gold lacquer and mirror 
glass. Photography by Jim Postell, 2011.
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Figure color-4 Paimio chair, designed by Alvar and Aino Aalto (1930–1932), specifi cally for reading at the Paimio Sanitorium, 
Paimio, Finland. Photography by Jim Postell, 2011.
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Figure color-5 Wall-mounted Folding chair in oak and cane, designed by Hans J. Wegner (1949), fabricated by Johannes Hansen, 
PP Møbler, Denmark. Photography by Jim Postell, 2011.
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Figure color-6a  Offi ce chair, 
designed by Frank Lloyd Wright 
(1936–1939), made of steel, 
wood, and foam covered in fabric, 
and with casters (originally 
manufactured by Metal Offi ce 
Furniture Co., now Steelcase, 
Inc.). 21½ inches wide; 20 
inches deep; 34 inches high; 21 
inches seat height (54.5 wide; 
51 cm deep; 86.5 cm high; 
53 cm seat height). Photography 

by Gerald R. Larson, 2005.

Figure color-6b Offi ce furni-
ture designed by Frank Lloyd 
Wright, (1936–1939) for the 
S. C. Johnson Wax headquarters, 
Racine, Wisconsin. Made in 
Grand Rapids, Michigan, using 
steel and Formica. (84 inches 
wide; 35 inches deep; 33¼ 
inches high (213 cm wide; 
89 cm deep; 84.5 cm high). 
Photography by Gerald R. 

Larson, 2005.
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Figure color-7 Tabernacle for Saint Charles Borromeo Catholic Church, Kettering, Ohio. Designed by Jim Postell (1993). Made by 
Heartwood Woodworkers. Photography by Jim Postell, 1993.
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Figure color-8a Chaise Longue Pernilla chair, designed by Bruno Mathsson (1943). Made using curved beech, bands of webbing made from 
twisted Kraft paper. Photography by Jim Postell, 2011.

Figure color-8b Three-seat settee, designed and fabricated by Wendell Castle (1968). Stacked-laminated, carved cherry wood. Photography 

by Jim Postell, 2011.
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Figure color-9a  Armchair, 
designed by Bernard Rancillac 
(1966). Photography by Jim 

Postell, 2011.

Figure color-9b River Seating, 
designed by Zaha Hadid 
(2004). Photography by Jim 

Postell, 2006.
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Figure color-10a Living Sculpture in nine components, designed by Verner Panton (1970–1971). Made using mass polyethylene, with an 
internal armature supported by expanded polystyrene foam, upholstered in wool. Overall size: 86 ½ inches x 200 ¾ inches x 169 ¼ inches 
(220 cm x 510 cm x 430 cm). Fabricated by Mira-X. Photography by Jim Postell, 2011.

Figure color-10b “Tube” chair, designed by Joe Colombo (1969–1970). PVC plastic (polyvinyl chloride), steel, rubber, polyurethane foam, 
and synthetic knit upholstery. Photography by Gerald R. Larson, 2010.
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Figure color-11a Store and Stack modules, designed by Jim Postell (2008). Folded copper, cherry, bending birch, and 
neoprene 80. Photography by Jim Postell, 2008.

Figure color-11b Roto-molded MT3 rocking lounge seating, designed by Ron Arad (2006). Photography by 

Jim Postell, 2006.
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Figure color-12a Pratt chair (no. 3), designed by 
Gaetano Pesce (1984), was mixed and poured using 
urethane resin. Photography by Jim Postell, 2010.

Figure color-12b Chair and table made from postconsumer 
recycled plastic packaging that is draped and melted over a frame 
to produce a mélange of distressed imagery, designed by Bär + 
Knell Design (1990). Photography by Jim Postell, 2006.

Figure color-12c Stacked Tongue 577 chairs, designed by 
Pierre Paulin (1967), tubular steel armature surrounded with 
rubber webbing and expanded foam, upholstered in polyester 
stretch fabric. Manufactured by Artifort. 33½ inches wide; 
35½ inches deep; 24 inches high; 131/8 inches seat height 
(85 cm wide; 90 cm deep; 61 cm high; 34 cm seat 
height). Photography by Jim Postell, 2011.

Figure color-12d Teneride, designed by Mario Bellini (1970), 
manufactured by Cassina. Photography by Jim Postell, 2011.

binsert.indd   12binsert.indd   12 10/09/12   11:07 PM10/09/12   11:07 PM



Figure color-13a You can’t lay down your memory chest of drawers. 
Designed and fabricated by Tejo Remy (1991). Metal, paper, plastic, 
burlap, contact paper, and paint. Photography by Jim Postell, 2011.

Figure color-13b Stackable Panton (or “S”) chair, designed by 
Danish Verner Panton (1959–1960), manufactured by 
Nienkämper. Photography by Jim Postell, 2006.

Figure color-13c Stacking chairs BA 1171, designed by Helmut 
Bätzner (1966), formed polyester. Photography by Jim Postell, 2011.

Figure color-13d Honeycombed paper (made from layers of 
glassine) used in the Honey-Pop armchair, designed by Tokujin 
Yoshioka’s (2000–2001). Photography by Jim Postell, 2011.
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Figure color-14a ESTUDIO by 
Emiliano Godoy (2005), con-
toured stool featuring a used-
customizable seat made from 
stainless steel screws. Featured 
at Materia Prima in Ludens. 
Photography courtesy of 

Emiliano Godoy, 2005.

Figure color-14b Detail of 
contoured ESTUDIO by Emiliano 
Godoy (2005). Materials: 
Mahogany, stainless steel 
screws, removable inserts, 
carnauba wax. Size: 17¾ 
inches x 17¾ inches x 21½ 
inches (45 x 45 x 55 cm). 
Photography courtesy of 

Emiliano Godoy, 2005.
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Figure color-15 Brushed stainless steel was used for its material characteristic and sheen fi nish in PK 20, designed by Poul Kjærholm (1968). 
Made by Fritz Hansen since 1982. Photography by Jim Postell, 2006.
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Figure color-16a Cinderella 
table, digitally designed and 
fabricated by Damakersvan, 
which is a collaboration of three 
designers: Judith de Graauw 
and brothers Jeroen and 
Joep Verhoeven (2005). 

Photography by Jim Postell, 

2011.

Figure color-16b Cinderella 
table (2005), digitally milled and 
hand-laminated plywood. 
Photography by Jim Postell, 

2011.
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