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ABSTRACT

Design/build is a movement in contemporary architectural education that is 

being developed in schools across the United States. At the time of this writing, the 

College of Architecture at the University of Arizona has been experimenting with 

design/build projects as an educational tool. This report addresses the successes 

and failures of this experimentation and gives an account of the three most recent 

design/build projects attempted at the University of Arizona.

An analytical process to base the development of a design/build curriculum 

at the University of Arizona is also presented in this report. The process is based 

on the Yale Building Project Resource Manual, an analysis of other design/build 

programs, and projects that have been executed at the University of Arizona. I put 

forth the challenge to a faculty member, or a courageous graduate student, to use 

the ideas presented in this report to create a formal design/build curriculum. The 

increased and continued success of design/build as an educational tool depends 

on the formation of a well thought-out curriculum.



1-1

Section I 

Introduction

Design/build is becoming a popular idea within architectural education. My 

personal experience with design/build, as well as research, has lead me to believe 

that it is a valid educational paradigm that has been implemented successfully at 

schools throughout the United States. The University of Arizona College of 

Architecture has been experimenting with the idea of design/build as an educational 

tool. In this report, I hope to analyze how the University of Arizona as well as other 

educational institutions have used design/build. I then intend to use these analyses 

as well as my own experience to cultivate a procedural model for the development 

of a codified curriculum.

Design/build has strong historical precedents within schools of architecture 

throughout the United States. The successes and failures of these programs can be 

studied as a means to aid in the development of a strong design/build curriculum. In 

Section //o f this report, Yale, Cranbrook, Yestermorrow, and Auburn University are 

the programs that I investigated to help me understand how successful design/build 

programs are run. Each of these schools has distinct educational goals and 

methods of implementing design/build projects. It is my hope that the presented 

analyses of other design/build programs will inspire further investigation into the 

possibilities of how design/build programs can be organized during the formulation 

of the design/build curriculum at the University of Arizona.
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Section III represents a large portion of my first hand understanding of design/ 

build through the development of an alternative building material experiment, the 

Paper Bale Project. The Paper Bale Project fulfilled my visceral urge to build and I 

believe that this is the reason that many students pursue design/build within their 

education. This project also performed the function of allowing mean 

understanding of how design build can lead the advancement of an understanding 

of structural systems and project management. My interaction with the client and 

students allowed for an educational experience that could not been achieved within 

a traditional design studio. I will demonstrate how design/build has given me an 

understanding of architecture as a client-driven collaborative process that will be 

valuable when I begin professional practice.

At the time of this writing, there have been three design/build projects 

attempted at the University of Arizona College of Architecture. These projects are 

outlined in Section IV. There have been many successes and many stumbling 

blocks along the way for this process. It has been nearly three years since the first 

design/build class was started. I believe now is the time to make decisions about 

the future of design/build at the University of Arizona. It is my opinion that the 

decision to continue giving students the opportunity to learn through making should 

be made and then reinforced through a well thought out and delineated curriculum. 

This curriculum will allow the administration, faculty, and students to understand their 

progress and success through well understood pedagogical goals, class
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organization, project goals, faculty roles, student roles, and administrative roles. 

Section V begins to delineate the process of creating such a design/build 

curriculum. This process uses the analysis of other successful programs to create a 

procedural model.

This report will begin to summarize the successes and failures of the seminal 

projects that should be used to determine the validity of design/build as an 

educational tool at the University of Arizona. My personal involvement with the 

Paper Bale Project and other projects has made it clear to me that design/build is a 

valid and viable form of education. I will provide evidence to that effect in the 

following chapters. By understanding what has been completed and the problems 

that occurred during these projects, decisions can be made that will make design/ 

build a satisfying and profitable educational experience for the students. The 

realization of a well thought out design/build curriculum should help the faculty 

successfully run and complete design/build projects. When the students and faculty 

understand the organization and goals of a design/build project then a true 

evaluation can be made of the program’s success.
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Section II

Design/Build in Architectural Education

Introduction

Design/build is a movement in contemporary architectural education that is 

being developed in schools of architecture across the United States. Learning 

through hands on building is deeply rooted in historical precedence. The idea of 

learning through making has been alternatively embraced and rejected by 

educational systems and cultures throughout the ages.

When I was an undergraduate architecture student, my mentor saw my personal 

interests in materials and hands-on making and encouraged me to create full sized 

details and artifacts. Therefore, when I was presented with an opportunity to build a 

complete building with the experimental material of paper bales, as a graduate 

student, I eagerly pursued it. I approached Associate Professor Mary Hardin for 

help with the Paper Bale Project, knowing that she had an interest in design/build. 

She agreed to help develop and direct this project.

At that time, the building program at the University of Arizona was still in its 

early developmental phase. Assistant Research Professor Rocky Brittain and 

Hardin were planning to implement the building portion of the first formal design/ 

build studio at the University of Arizona. Hardin, who had directed design/build 

studios at Arizona State University, was newly hired as a Professor at the University 

of Arizona. Her role was to redevelop the first year curriculum and the building
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program that had been initiated by Brittain.

The Paper Bale Project became a case study from which I would be able to 

learn about the paradigm of design/build as an educational tool, and hopefully help 

to advance the University of Arizona’s building program. Through the process of 

building I learned detailing, project and people management skills, and the amount 

of compromise and collaboration that occurs on the construction site. After building 

this case study project, I became concerned with how well the project had fulfilled its 

educational purpose. I had a visceral understanding that building was important to 

developing architects, but I did not have the vocabulary to express my pedagogical 

views. By developing a historical framework which could be used to locate the 

teaching tool of design/build, I was able to create a tangible understanding of the 

benefits other students and I were experiencing by building. This historical 

framework includes contemporary efforts to use design/build in architectural 

education.

This chapter should help those who are interested in building as a learning tool 

to formulate ideas about how they want to proceed. A presentation of different ways 

this paradigm has been implemented should help the reader to understand how 

others are using building projects as part of the architectural design process. I 

understand this design/build process as the formation of an idea, the abstract 

representation of that idea through drawing and modeling, the physical 

manifestation of that idea at full scale, and then an analysis of that built form bringing 

it back into the realm of ideas1. The process that I described is necessarily a linear



11-3

dialogue and can be interpreted differently depending on the goals of the user. The 

following information should help give those with the urge to learn by building a 

theoretical basis. Understanding historical precedence will help the design/builder 

begin to delineate for others their drive to make objects, structures, and place.

A Brief History of Pedagogical Evolution

The Middle Ages have often been described as a time of social, economic, 

and cultural decline. Revisionist history has and is still seeing to it that this position 

is relinquished. The complex guild systems responsible for the erection of buildings 

during this period taught their members through hands on experience and 

mentoring. The artisans in these guilds were the laborers that worked together with 

different knowledge bases to create architecture. No one person had control over 

the design of the entire structure. This allowed for each trade to be able to craft their 

understanding of how a building should go together. (Carpenter p.5)

The Renaissance put an end to this egalitarianism among craft guilds but did 

not destroy the idea of craft itself. The employment of architects as the conceptual 

and aesthetic designers of buildings began to diminish the responsibilities that 

craftsman traditionally had in the field. (Winter p.1) It is my understanding that the 

humanist architects, though well versed in classical aesthetics and the proper use of 

orders, did not claim to understand, or care how, one stone would go on top of the 

other, or how much weight each stone would carry. It is my opinion that this allowed 

the craft guilds to continue to have a realm of specialization in building technique.



114

The humanist ideal that the architect’s specialization lies in aesthetics carried 

over into the French Ecole des Beaux-Arts. The development of this school was 

contemporary with the beginning of industrial revolution. The industrial revolution 

was a time of great prosperity and development in cities for those with power to 

exploit the new technologies. It was also a time of despair and repression for those 

who came to cities looking for work. While the architects educated at the Ecole 

generated monumental architecture for repressive governmental entities, the factory 

workers were living in squalor. (Kostof p.548)

It is my opinion that classical architecture represented the social injustice 

brought on by industrialization to theorists such as Augustus Pugin, John Ruskin, 

and William Morris. These men were idealistic writers, thinkers, and architects who 

started the Arts and Crafts movement. They believed that the ills of society could be 

blamed on the removal of craft from manufacturing work. They all harkened back to 

the middle ages for a model of what they thought was an ethical society. This 

included, among other fundamental social ideals, the art of hand making all objects. 

This theory eliminated the industrial manufacturing process, that was believed to 

oppress the masses and hand wealth over to the few. (Unrau p. 19)

The Arts and Crafts movement ended up failing because of the costly nature of 

creating objects by hand. The masses were now dependent on the factory for their 

sustenance and did not have time to create objects for themselves nor did they have 

enough money to buy the objects that were being created by these craftsmen. The
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Arts and Crafts movement that started out as a means to bring socialistic dignity 

and morals to the masses turned into yet another commodity for the rich. (Stansky 

P-6)

During the development and failure of the Arts and Crafts movement the Ecole 

des Beaux-Arts continued to be the dominant school of architecture worldwide. Its 

educational system was still dependant on classical theory, and was still creating 

architecture for wealthy governments and individuals. By 1919, when Walter 

Gropius founded the Bauhaus, industrialism was deeply entrenched in western 

society. After World War I, this industrialism was producing goods and monetary 

income for the growing middle class. The Bauhaus did not see industrial 

manufacturing as the evil that was repressing mankind. They thought of industrial 

manufacturing as an extension of design and production. The idea that the man 

running the drill press was as important, and necessary, as the designer was an 

organizing paradigm within this school. (Pevsner p. 18)

Beaux Arts’designs, which were seen as symbolic of repressive forces of 

imperial Germany, were rejected for the now liberating and democratizing forces of 

the machine. The Bauhaus trained its students as designers and craftsman. The 

idea that architectural form should be generated from the process of industrial 

manufacturing was now seen as a true expression of modern times. The actual 

making of objects helped the student to understand industrial processes, as well as 

the worldview of his equals that would transform their ideas into actual items. This 

education seems to try to address concerns similar to that of the Arts and Crafts
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movement. But it does so by looking forward for solutions instead of proposing the 

return to a medieval craft paradigm.

Architectural education in America has developed almost as a caricature of the 

developments in Europe. America was, and is still, a young country. When many 

schools of architecture were developing in America, it was an industrializing 

democratic nation that was expanding rapidly. The industry driven pedagogy of the 

Bauhaus was the model that many schools choose to follow. Although, the idea of 

the architect as a craftsman, that was part of the Bauhaus philosophy, was removed 

from the paradigm. (Carpenter p.8) I interpret this as the influence of the “American 

System” of production on architectural education. Industrial manufacturing, in 

America, had ceased to be a skilled endeavor. (Heskett) The actual craft had 

shifted to the office and the drafting table where the tools and machines that made 

interchangeable industrial products were designed. I believe this “American 

System” idea, of where the actual art of making occurred, was the driving factor in 

the developing schools of architecture to adopt a representational based 

methodology rather than a full scale building paradigm.

This method of education has perpetuated itself in America, and it is my 

opinion this removal of the actual making of designs has caused a gap to form 

between the conceptual and real world of architecture. I have observed this fissure 

since the beginning of my education. The observance of people representing ideas 

through abstract means and then taking those abstractions back into ideas seemed 

incomplete to me. This is why I began to experiment in full-scale architectural
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constructs. The actual building of an object revealed another layer of meaning 

behind the generating idea, which made designing easier to grasp and cultivate.

Learning through making has its roots in the in medieval craft guilds. 

Implementation of this learning paradigm has been necessitated by the loss of craft 

that we have faced in America with the industrialization of production. The 

contractors that are expected to implement architectural designs are no longer 

guided by craft guilds. It has been my experience that they are often highly unskilled 

and unscrupulous businessmen, who will cut corners whenever they think they will 

not get caught. This has necessitated that architects understand how each 

machine-manufactured element is connected to create a safe structure that will 

convey the intended idea of space that originally generated the design.

The “American System” of mass production has completely taken the need for 

skilled labor away from product manufacturing. The integration of human beings 

into the workings of the machine is good for the efficiency of production, but it also 

promotes the principle that skilled labor no longer has a place in American society. 

This has created a void in the skilled labor force of America. Those that implement 

spatial designs are no longer artisans. I believe that they are merely assemblers of 

industrial manufactured parts. It is my opinion that these laborers are not competent 

to do any more than what is presented on the construction drawings. Therefore, the 

architectural design education tradition, that claimed its specialization in aesthetics 

and representation, is not giving the students the skills they will need in professional 

life. Adesign/build program incorporated into an architecture school’s curriculum
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gives the students a chance to learn by hands on making and brings their ideas 

from concept, through representation, into reality. This gives the students a full 

understanding of the implications that each line they put on a piece of paper will 

have in the field. When they are the laborers who are attempting to assemble the 

structure from a given set of construction documents, they begin to understand how 

each design decision will impact how their ideas are realized.

The decision to use hands-on making as a learning tool does not always come 

from deliberate analysis of an educational curriculum. Many times, the decision 

comes from the desire to get a project built that has no chance of being funded 

through traditional means. These projects are often for the social good of a 

community and have little economic backing. The decision to build can also come 

from the desire to give the students a fuller understanding of the impact their 

designs will have and how they will be realized as built objects. Whatever the goals 

of the educators who initiate a building program are, it is important that they analyze 

their pedagogical standpoint and formulate a plan of action in the form of a course 

curriculum. This will give the educators a valid position from which to conduct and 

analyze the results of a building project in the academic realm.

Design/Build Programs within Schools of Architecture

The following will describe the basic goals of four distinct building programs 

in schools’ of architecture throughout the United States. This description will include 

the schools pedagogical philosophies, the scale of projects they are attempting,
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how they are structuring their programs to fit within the academic environment, and 

how successful they are at meeting their stated goals. These descriptions should 

give others attempting to instate a design/build curriculum a basis from which to 

take action.

Yale

The Building Program at Yale started in the mid 1960’s when Charles Moore 

was the head of the department of architecture. Moore started a Building Program 

as part of the first year graduate curriculum. Much like his Bauhaus predecessors, 

he firmly believed that the students should experience building to understand and be 

inspired by the process. Moore also believed that the students’ desire to enact 

positive social action could be satiated by building for the poor. The early projects 

that Moore enacted have heavily influenced the curriculum and educational goals at 

Yale. (Carpenter p.56)

It is the pedagogical goal of Yale Building Project to help demystify the 

construction process and, “give students the means and confidence to make 

decisions in the field”. It also, “ serves as a bridge, bringing together different 

aspects of a student’s architectural education: design, construction, 

professionalism, Urbanism and public service.”2 Yale acknowledges that it is of 

paramount importance that a school has well-defined pedagogical goals. These 

goals will help to direct the development of a curriculum. This definition will also 

help with the election process of projects that a school will decide to attempt. These
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goals will necessarily change and evolve as a design/build program develops. At 

this point in Yale’s development, the explicitly stated goals, which drive their project 

selection and implementation, of their construction program are listed below.

OUR EDUCATIONAL GOALS ARE TO:
• Teach awareness of the multifaceted nature of the architectural profession 

early in the curriculum, in order to benefit the students in their further studies.
• Provide an integrated curriculum that prepares students for professional 
practice.

• Provide an opportunity for students to see an entire Building Project through, 
and experience the pleasure and accomplishment of completion.

• Introduce the idea of public service in revitalizing neighborhood infrastructure 
and present realistic successes and frustrations of work in the public sector.

• Accomplish ambitious educational goals in a limited time.
• Enhance the educational experience and demonstrate the range of roles in 
building projects by using outside professional experts, nonprofit developers, 
and city officials as consultants.

• Document the process and results and provide information and advice to 
other schools interested in implementing similar programs.3

This approach necessitates that the projects be at a scale that can be 

designed and built within a time frame that allows for team coherency. The small 

community centers, park pavilions, and single family residences that the Yale 

Building Project has been completing typify this scale.

The program is mandatory in the first year of the graduate curriculum. Two 

faculty members, a director and a coordinator, organize the process. The actual 

rolls of these faculty members are well defined in the Yale Building Project 

Resource Manual. The role of the coordinator is to acquire clients, help in the
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design competition process, and mediate interactions between students, design 

critics, technical consultants and clients. The director mediates student 

participation in studio and on the construction site and oversees the construction of 

the project. This director also makes sure that the students are working in a safe 

and efficient manner.

During the 14 weeks of design and construction of the Building Project, the 

students are responsible for much of the organization of the project. They are 

expected to take, and be elected to, leadership roles during the construction 

document phase and construction phase of the project. These roles are well 

outlined in the Yale Building Projects Resource Manual. Those that are attempting 

to create a design/build curriculum should refer to this manual for a detailed account 

of the organization methods that have evolved over the past thirty years. This 

manual was produced as a response to the pedagogical goal of documenting the 

results of the Building Project and sharing the information with others. This goal fits 

well with the academic paradigm of scholastic dissemination.

Yale has been proficient at meeting their educational goals even though the 

scale and level of student participation has varied over the last thirty years. The 

academic curriculum and demands on students’ time from other classes has 

increased but they are still able to build meaningful architecture within a tight time 

frame. This has partially been accomplished through scheduling work in shifts and 

in teams, working on projects only within New Haven, Connecticut, the hiring of 

subcontractors for certain trade work, and the extension of the work time frame into



11-12

the summer by the hiring of paid interns. These changes and adaptations have 

allowed the Yale School of Architecture to meet their stated goals. By stating what 

they want to achieve through building, they have been able to take control of the 

building process and not let the process take control of what the educational 

experience becomes. They have retained much of this control through well written 

contractual agreements and well defined roles of the sponsor and the school. 

(Brouard p.24-28)

Cranbrook

The department of architecture at the Cranbrook Academy of Art is an example 

of an institution that has taken a more free-spirited approach to design/build as an 

educational tool. The building program is organized around the principles that the 

academy itself was based upon. These principles are based upon the arts and 

crafts ideals embraced by the academy’s benefactor, the Booth family. The arts and 

crafts principle of hand-making all objects, that Eliel Saarinen adhered to while 

developing this educational community, still strongly influence the educational 

philosophy of the department of architecture today. The following description of the 

work that is being produced at the Cranbrook Academy Department of Architecture 

seems to represent their pedagogical goals. (Carpenter p.33-35)

The architecture department has resisted the trend, to move away from an 
arts and crafts basis. Concerned with the growing lack of real building 
experience within the discipline, it decided to rededicate itself to the study of 
actual building processes, using full-size constructions as a basis for
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architectural education. ... Basic building lessons such as pouring concrete, 
welding metal, and stacking wood bring new value and meaning.

The intensity of this work brought the group closer to the founding values of 
the community, and it came to understand that there is value to John 
Ruskin’s advice of keeping "your hands on the plough.” Staying close to the 
work is the only way to bring quality to architecture and the life that surrounds 
it.4

The pedagogical goals of the department of architecture has lead to the 

development of projects that are small in scale but intensive in their use of materials. 

The projects are generally additions to the grounds of Cranbrook Academy and 

range from pedestrian bridges to light fixtures. The unifying characteristic of all of 

the projects is that all of the elements are crafted by hand. It is not uncommon for a 

studio to manufacture custom bricks, custom metal mesh, or custom connectors by 

hand. This creates a fully integrated and well-crafted product, but it is incredibly 

time intensive. It is not uncommon for students to take a leave of absence from their 

studies to finish a project that they had started. The head of the department of 

architecture believes this is a positive aspect of their curriculum. (Carpenter p36-41)

Hoffman remarks that "architecture is a process linked to making. I am 
always amazed at how slow a process building is. The students come in here 
with ideas racing in their heads and they begin building and realize it is 
incredibly slow and full of restraint. They learn that materials weigh a lot and 
that once assembled, buildings are enormously heavy. You cannot 
understand that without making and experimentation.
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Even though there is not a coherent organizational methodology in place at 

Cranbrook, the school has been able to encourage and consistently implement 

design/build projects. This lack of organization may create a fractured experience 

for some students but it allows for the completion of tightly hand-crafted projects.

The projects that are being completed are small in scale but they adhere well to the 

pedagogical goals of not only the department of architecture, but also the goals of 

the academy’s benefactors.

Yestermorrow

The curriculum at the Yestermorrow design/build school is highly structured but 

with very different goals and means of implementation than most traditional schools 

of architecture. The most notable difference is that it is not associated with any 

other institution of higher learning. It is a school that was created specifically for 

hands-on education. This education is not limited to those with a specialized 

understanding of architecture. There is a curriculum that is dedicated to the 

education of laypersons in the art of making objects and small-scale architecture. 

The learning-through-creating paradigm that is driving the continuing success of this 

private school is offered in seminars that last anywhere from a weekend to two 

weeks. These seminars are intense interactive proceedings that are directed 

toward the skill level of the participants. (Carpenter p.30-32)

Founded in 1950, the non-profit Yestermorrow Design/Build School believes 
that the best built environment depends on the joint involvement and close 
cooperation of designers, builders, and owners. Our mission is to re-establish



the continuity and inter-relationship between the processes of conceiving, 
making, and using the buildings and landscape, and to empower individuals 
to house themselves.

The name Yestermorrow comes from a synthesis of yesterday’s dedication to 
craft and beauty in the built environment, and tomorrow’s vanguard 
technologies, materials, and concern for the environment. This synthesis is 
achieved through the design/build approach to architecture, and the vital 
connection between hand and mind that the design/build process allows.6

The projects built at Yestermorrow are small in scale. They can range from the 

creation of small objects, such as a table or chair, to the building of a small park 

pavilion. These small projects fit well with the paradigm of short duration seminars. 

This short time frame seems to work well with students who are otherwise gainfully 

employed or who are looking for an introspective short-term, hands-on experience. 

The short time frames also allow for working professionals to teach the classes at 

Yestermorrow, helping to fulfill the stated pedagogical goal of unifying tomorrow’s 

technologies with the yesterday's spirit of craft.

Yestermorrow is different from the educational paradigm that most schools of 

architecture are trying to achieve. Thus, it is a good case study to observe and 

study to see how the personalization and continuity of a project is treated. There are 

many architects and students going to Yestermorrow to get the experience of 

making an object or space that they personally designed. This personal 

involvement and continuity that so many students desire may be a goal that can 

carry over into a more formal academic setting.

11-15
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Auburn University

Samuel Mockbee has been the main driving force in the inception of a building 

program at Auburn University’s School of Architecture. The design/build program at 

Auburn is in its early developmental stages, much like the building program at the 

University of Arizona. Its pedagogical goals are simply and elegantly put in the 

following words of Mockbee. (Carpenter p.69-70)

We want to expose students to their social responsibility as architectural
citizens, along with the principles of design and construction.7

The goals are simple and the implementation process is equally as simple and 

elegant. To help develop the students’ building skills as well as their understanding 

of an architect’s responsibility to society, Mockbee removes a group of second 

through fifth year students form the academic environment for one quarter in the 

school year. This ten-week period is spent in a depressed location of Alabama 

where they learn to depend on each other and enact positive social action by 

building for the impoverished. With this removal from the traditional academic 

setting, large amounts of work can be accomplished. Pressures, from other 

academic and non-academic commitments, are put on hold and the crew of 

students that decide to learn through direct client interaction and hands on making 

are able to build fairly complex larger scale buildings. These structures have 

included a single-family dwelling and an open-air chapel with fairly complex 

structural elements and innovative material usage. (Carpenter p.65-69)
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Mockbee has been able to realize this scale of project due, in part, to having 

independent funding. Mockbee received two seed grants that have allowed him to 

run these projects with a high level of autonomy. Therefore, he has been able to 

retain authority on all of his projects. Circumnavigating the need for a sponsor has 

eliminated a large management task and allows his efforts to be channeled into the 

realization of projects. (Carpenter p.69-70)

Conclusion

These four programs have distinct variations in their pedagogical views and 

how they decided to implement their building programs. Other programs that I have 

reviewed used similar tools to meet their similar pedagogical ends. When a school 

becomes serious about their development of a building program it is essential that 

they analyze what they are doing, what they have done, and what they want to do. A 

review of these and other programs will help to give a burgeoning design/build 

program the means to understand its goals and howto accomplish those goals.

It is my intention to begin to delineate the rudimentary outline for the procedure 

of developing a design/build curriculum for the newly implemented discipline at the 

University of Arizona. The case studies that I chose to present in this chapter will 

serve as models by which I can begin to analyze what we have been doing, and 

where the program could go in the future. Chapter five will present formal 

suggestions of how this process of development should be undertaken and present 

a challenge for either a faculty member or another graduate student to carry out this



development. The goal of this paper is to create an understanding of the steps that 

other schools have taken and how the University of Arizona’s design/build program 

can become codified.
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Notes:

1. William Carpenter quoting Marco Frascari, Learning by Building: 
Design and Construction in Architectural Education, p. 11

2. Quote from introduction of, The Yale Building Project: A Resource 
Manual, p.2

3. Goals quoted from, The Yale Building Project: A Resource Manual.
p.42

4. Quote from William Carpenter’s book, Learning by Building: Design and 
Construction in Architectural Education, p.34,37

5. William Carpenter quoting Hoffman, Learning by Building: Design and 
Construction in Architectural Education, p.42

6. Quotes from the, Yestermorrow Design/Build School 1997 Course 
Catalogue, p.1

7. William Carpenter quoting Samuel Mockbee, Learning by Building: 
Design and Construction in Architectural Education, p.65
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Section III

The Paper Bale Project 

The Analysis of a Design/Build Case Study

Introduction

In the fall semester of 1997 Jean Nielsen, Coordinator of the University of 

Arizona Department of Recycling’s Arizona Resource Exchange (AzRE), sent a 

memo to the College of Architecture looking for a student to work with her on the 

design of a paper bale structure. The memo was inspired by a research proposal 

written by the manufacturer of the bales: Robert Harrell of the Tucson based 

Resource Recycling Service. This proposal, found in Appendix J, outlines the 

method of bale manufacturing as well as Harrell’s desire to find a market for these 

bales in the construction industry. These bales were made of non-recyclable paper 

that Harrell’s business was putting into landfills. His stated goals were to divert non- 

recyclable paper out of the waste stream and help further the baled housing industry 

with locally available material that is environmentally friendly. It can be gleaned from 

reading the original proposal that the idea of the paper Eco-bale was generated in 

1991 when Harrell was “approached by advocates of straw bale housing” in 

September of 1991 (Appendix J p.VII-84). Therefore the Paper Bale Project has it 

roots in the early days of the straw bale construction revival.

When Ghailene BOUALI did his ground breaking research on straw bales in 

1993, he also did preliminary compression testing on shredded paper bales. The
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results of these tests, found in Appendix K, show that individual paper bales had 

good compression strength and properties similar to straw bales. Therefore, 

according to BOUALI, “paper bale material has a great potential to be successfully 

used as a load bearing material.” (Appendix K p.VII-89)

Paper Bale Project Background Information

In the spring of 1997, Harrell approached Nielsen with the proposal that he 

began 1992. For unknown reasons, Harrell was moving from Tucson and wanted to 

pass on the work that he had started to someone with interests in the use of this 

non-recyclable material. By word of mouth, he was introduced to Nielsen and as the 

director of the AzRE she decided to take on the challenge.

In response to the proposal, Nielsen obtained a small grant and about 150 

paper bales from Harrell. From her small office at the University of Arizona 

department of recycling, she began to organize the realization of this project. When 

Nielsen first contacted me, she had already done the initial footwork of finding a 

client that was willing to have a paper bale structure built on their land. The client 

was the College of Agriculture. They were willing to donate a parcel of land on 

which they wanted a small research support facility built. This facility was to house a 

tractor and supplies used in honeybee research being conducted near the site. 

Nielsen had also begun to make contacts with businesses in the community willing 

to donate material and services to this project.

This was the status of the project when I responded to Nielsen's memo. She 

had many ideas about what this project could be, but due to a lack of human and
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monetary resources she did not have the authority to implement them. She 

envisioned a substantial engineering analysis of this material along with the building 

of a small demonstration building. She had made contact with Dr. Amir Masoud 

Malik in the department of civil engineering, who had also displayed an interest in 

regards to the structural testing of the Eco-bales. This interest ended when it 

became apparent that Nielsen was working with minimal funds and did not have the 

means to obtain more grant monies to pay for his role in the testing procedure.

After several meetings, it became apparent that Nielsen had narrowed her 

focus to building with these bales. Her interest in testing the structural integrity of the 

bales had turned to a more practical paradigm. She knew the work of the early 

straw bale builders and referred to the work of Matts Myhrman. This particular 

builder had built test walls that demonstrated to code officials that straw was a 

viable building material. This work was revolutionary, and lead to a certain level of 

acceptance of straw as a building material in Tucson, Arizona and across the United 

States. The idea of having a group of students design a demonstration structure 

that could be built by volunteers was appealing to her. She believed this project 

could be accomplished with the means she had available and that it would be 

helpful in forwarding the work that Robert Harrell had begun.

It became clear, after about three meetings, that if I accepted responsibility in 

this project, I would be attempting to design a structure that could be built with 

volunteer labor and donated materials. If I was going to make this work applicable 

to my course of study I decided I would need to be involved in this project to a
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greater degree. In this early stage of the project I sought the help of Associate 

Professor Mary Hardin. Fred Matter, the graduate director in the College of 

Architecture, referred me to Professor Hardin. When I met with Hardin, she 

conferred her interest in the field of design/build. She expressed an interest in 

helping to organize this as a design/build project that she would help coordinate and 

manage. To get this project going, she would run an independent study design/build 

class. Hardin contacted Nielsen and expressed the interest that she had in the 

project. Nielsen immediately accepted any help that was offered and began to 

organize the resources she did have, to get the project started in January of 1998.

Hardin instructed several design/build studios in the past and was planning one 

with Assistant Professor Rocky Brittain for the spring semester of 1998. She 

explained the concept of design/build and presented several other projects that had 

been built by schools of architecture. The idea of design/build as a tool for 

architectural education was appealing to me. Learning through the understanding 

of field design and how a building goes together on site viscerally made sense to 

me. I was excited about building a structure that I would help to design. I jumped at 

the chance to help organize and manage this project. My enthusiasm was high and 

Hardin was excellent about letting me have great latitude in decision making. 

Getting Started: Client Analysis

The identification, description and analysis of clients is a skill that is held as a 

design imperative by many schools of architecture. However, this identification is
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generally done in a token manner in the preliminary program analyses of traditional, 

educational design problems. Design/build allows for an analysis of a real client 

base and gives the student a proper perspective on the importance of all the clients’ 

needs and how these needs effect the final design solution. The design/build 

process also allows the student an insight to the balancing of different agenda when 

several clients are involved. Clients that may have almost no voice in the design 

and construction process are also uncovered as well as the architect’s obligation to 

address their needs.

After I was confident that this project was going to be set in motion, I began to 

analyze the problem that had been set in front of me. I needed to define the clients 

in this project and begin to address the needs that each of them had. The clients, 

as I saw them, were the University of Arizona Department of Recycling, the College 

of Agriculture, the future users of this building, those who may try to build with paper 

bales in the future, and the students who were going to build this structure. After 

defining the range of clients, it was important to begin to outline the needs and 

desires of each client and how they could be addressed.

Nielsen, having commitments from the College of Agriculture, University of 

Arizona Facilities Management, and the College of Architecture, scheduled a 

meeting between the acting members of each department. Those in attendance 

were Peter Else (Director of the School of Agriculture), Ron Underhill (Director of 

Grounds Services), Matts Myhrman (A consultant from Out On Bale), Richard Garb
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(Director of the Department of Recycling), Jean Nielsen (Department of Recycling), 

Dick Ebeltoft, Rocky Brittain, and myself (College of Architecture). This meeting 

helped to define the goals of certain clients and the responsibilities that each 

department and each person would have in regards to this project.

Peter Else presented himself more as a benefactor then a client. He seemed 

to take the position that he was donating the use of land for the construction of this 

experimental project and also the use of an on-site shed to store materials. Else 

was mainly concerned with the possibility that we may not finish this experiment or 

that the experiment would fail. If this happened, he was concerned that we would 

leave a pile of refuse or a failed building that they would have to dispose of. The 

use of the building as a storage shed for a tractor and miscellaneous hand tools 

seemed to be a secondary concern. He was concerned that the building would be 

functional as a storage shed, but this seemed to take a back seat to his desire to 

reduce the risk that the School of Agriculture might incur during this experiment. To 

obtain the needs of the user, for space planning, Else referred me to Carl Smalzel, 

the research specialist who would be using the storage facility.

Ron Underhill, the Director of Grounds Services, was at the meeting by the 

request of Al Tarcola, the Director of Facilities Management at the University of 

Arizona. Al Tarcola committed Facilities Management to assume the responsibility 

for the removal of the project, from completion of the building until June 30th, 2001, 

in the event that the building did fail. The contracts concerning the exact allocation
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of risk, found in Appendix E, were reviewed and signed by Mary Hardin. As a 

financially constrained graduate student, I did not want to create any financial risk for 

myself. Hardin’s association with the University of Arizona allowed her to allocate 

the risk to the College of Architecture, which limited her personal risk. However, her 

commitment required her to use her personal time to remove the project debris if 

the experiment failed during construction. Ron Underhill had been authorized to 

loan us any tools that we needed to complete the project. This was a boon for the 

Paper Bale Project, since it had no budget and could not support tool rental.

Matts Myhrman from “Out on Bale” was invited to the meeting because of his 

expertise in the field of bale construction. He was helpful in intuitively analyzing the 

structural integrity of the paper bales we were going to use for construction. 

Myhrman’s analysis of the bales was that they were a bit soft but they should 

perform well after they were loaded with the roof structure. Robert Harrell had came 

to this same conclusion. This information is presented in the proposal that he wrote, 

found in Appendix J, which offered free bales to someone willing to build with them. 

Myhrman is a great disseminator of information in the field of bale construction and 

will be a key element in the disclosure of our findings to others interested in building 

with shredded paper bales.

To satisfy our obligation to those who may try to replicate our experiment or 

advance the knowledge base of bale construction it was necessary to record our 

process and findings. The publications this project has generated should help to 

give those interested in building with paper a good idea of the successes and
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challenges we had in building with paper bales. The lateral load testing that 

Ebeltoft, Perry and I did after construction will also help to contribute to the 

knowledge base of building with paper and help others make educated decisions in 

the future. This testing, found in Appendix C, shows that paper bales stand up well 

to lateral loading.

Richard Garb and Jean Nielsen were the representative clients from the 

Department of Recycling. Garb’s and Nielsen’s main concern was the integration of 

as many non-recyclable and low-recyclable (materials that have marginal value and 

are periodically not saleable) materials as possible into this project. Myhrman 

agreed with this paradigm, and Else agreed to allow broken glass cullet as a 

drainage aggregate base under the concrete footers and bales of compressed 

plastic as a foundation material in this structure. This decision was contingent on the 

approval of Facilities Management. I was quick to suggest that these experimental 

materials only be used in the ramada where differential settling would not be a large 

factor to contend with. This suggestion satisfied all of the parties at the meeting.

The participants from the College of Architecture were mainly there to supply a 

sounding board for those with an interest in this experiment. We were there to help 

mediate the concerns of the clients and those assuming risk in this experimental 

endeavor. We were also present to begin to understand who the clients were and 

what this building was to become.

This meeting was the beginning of the process of client analysis. I still had to 

find out what the ultimate end user wanted out of the structure and what the students
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wanted to get out of the process of designing and building. Time and interaction 

would be the only way to ascertain the true needs of all the clients. As it turned out, 

the information presented at the first meeting was extremely influential in the design 

process. The main contributors to this project were satisfied that we could build a 

simple storage shed. After a phone conversation with Smaltzel, the future user, 

confirmed the square footage and ceiling heights needed and after Facilities 

Management had signed contracts with Hardin, we were free to design and begin 

construction.

When the spring semester of 1998 started, Hardin organized a design/build 

independent study elective. This put me in contact with the students who would be 

the main core of the construction and design team. The small group of four students 

taking the independent study class were interested in getting out of the traditional 

design environment and getting their hands on new and traditional building 

materials. The basic urge to have material ready to hand after always having them 

just present at hand was the almost unanimous reaction when I asked the students 

why they were taking this course. The ideas of present-at-hand and readiness-to- 

hand that are used to represent the desires of the students participating in the class 

are explained well in the following quote from the seminal social geographer,

Edward Relph:

To think about the world or the entities within it as abstract things is to render 
them subject to observation, to make them the object of casual curiosity and 
to distance oneself from them. This attitude, for Heidegger, makes the world
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“present-at-hand”. This phrase is his expression for self-conscious, perhaps 
disinterested reflection, or any attitude in which there occurs a feeling of 
separation from matters.

A more fundamental mode of “being-in-the-world” is “readiness-to-hand”. By 
virtue of making, considering, participating, discussing, moving around, 
producing something, attending to something and looking after it - by virtue of 
all such activities - beings are always and already in a world with which they 
are concerned.1

Two of the students had previously taken the Rincon Vista Design/build Studio 

that Hardin and Brittain had offered in the fall of 1997. Siobahn Kirby, a graduate 

student who had been involved with Rincon Vista, made a profound statement that 

even after working professionally as an architect in Canada she “never really 

understood the stock details... [that she had put on hundreds of drawings],. .until she 

had actually built a building.” Lance Lewis, who had also worked on Rincon Vista, 

just described the process of building as an experience that opened his eyes to how 

a building actually goes together, and helped to redirect his ideas about where he 

fits within the creation of a building.

This initial meeting, and further conversations with the students who would be 

helping to build the structure, defined the students desire to build and see how 

details are realized on site. I believed that the students, that we hoped would be 

volunteering on Saturday workdays, would be coming to fulfill the same desires. 

Therefore, it would be my duty to satisfy the goals of these clients by organizing the 

workdays so they could concentrate on learning through building.
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The first week of this project was dedicated to trying to get a schematic design, 

found in Appendix D, formulated so we could start construction. Hardin and I 

decided that since we could not determine the materials that were going to be 

donated, and since we had a budget of $0, we needed to come up with some 

general drawings that would serve as a model for the actual field design of the 

structure. From those initial drawings we could get the approval of the School of 

Agriculture and Facilities Management to begin construction. The details would 

have to be worked out on site as the materials were donated. This ad-hoc design 

paradigm went well with the students’ desire to experience construction in the field.

It would be my responsibility to the student clients to give them a background of what 

this building was to be, have the tools and materials that would be donated on site, 

provide guidance with possible connection ideas, provide a relatively safe work 

site, point out any potential on site dangers and allow them latitude in building 

creative detail solutions.

The last client that was not mentioned as a primary client was myself. The 

responsibilities that I took on satisfied my personal concerns as a client of this 

project. Directing the flow of drawings, materials, workers and ideas was the 

education that l had hoped to get from this project. The skills and confidence that I 

acquired in managing this project was a benefit that only could be obtained through 

a design/build perspective.
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The Concept of Design/Build: Personal Ideals

Design/build in an academic forum is ideally a group of motivated individuals 

working as a team to realize a full scale working design. Theoretically, this design 

would be conceptualized, drawn and rendered by a team of students. This team or 

at least a portion of this team would also assemble the actual working drawings for 

the project. Then this same team would organize and build the piece of architecture 

at hand. This would allow each student to see the lines that he or she put on the 

drawings realized in the field. The student would then know the true ramifications of 

each line, on a set of drawings, by seeing conceptual details become reality. It is 

my opinion that it would be most beneficial to the students if they were to participate 

in the entire process. This would allow for the design process to complete its cycle, 

and allow students to carry what they learned into their next design problem.

In reality, the academic setting does not always allow for a congruous team to 

form and have time to work through a large project from conception to fruition. This 

is due to the limited time that students have to devote to a project because of other 

compulsory subjects. When large projects are attempted, generally the schematic 

design and design development is done by one group of students in a semester. 

The working drawings are then assembled by another group of students the 

semester after the design has been completed. The actual construction of the 

building is then done by yet another group of students. There is generally some 

carry over of students from stage to stage, but the team dynamics and the level of
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understanding of the project can be splintered when the project is shifted from one 

group of students to another and possibly one instructor to another. This leaves the 

ideal learning environment, as I see it, a bit fragmented. However, tackling larger 

projects is many times a necessity when trying to find clients that are willing to have 

a space designed and built by architecture students.

Smaller projects, such as pavilions, outdoor spaces, and small shelters can 

offer a more cohesive design/build experience for the students. An article in the Fall 

o f ‘98 ReCAP, Ball State University’s College of Architecture and Planning news 

letter, reviews a series of river pavilions being designed and built by fourth year 

students. Each pavilion is taking seven weeks to design and seven weeks to build. 

This ideal design/build situation allows for “each student’s design detail abilities to 

improve through the development of a strong knowledge of making; manipulating 

the materials to create form, and function.” (Aldous p.1) With this understanding of 

materiality the students can then begin to experiment and create. In my opinion this 

is where the true benefits of design/build lie.

The personal investments that students have in small projects, like the river 

pavilions at Ball State, account for high success rates and high student satisfaction 

within these design/build programs. I believe that this intimacy with a project is 

essential in giving the student a full understanding of the activities that they are 

participating in. This intimacy can be emulated in larger projects between divergent 

teams over several semesters if the aesthetic and structural design can be left open 

ended to some degree. This allows not only for detail design changes in the field
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but a true participation in how the design is developed and realized. This is 

essentially what happened with the Paper Bale Project.

Project Management

The Paper Bale Project began as an idea that I thought would never come to 

fruition. Hardin and I had committed to begin the project, but with no budget we 

were skeptical that the project would begin. It is common for potential clients to 

state their case, get excited about the possible end result, and walk away from the 

project when problems arise or their enthusiasm wanes. Talking with Hardin made 

me realize this is the nature of trying to acquire design/build projects for educational 

purposes. The circumstances of this project all pointed to the probability that this 

might occur. Nielsen had the monumental task of getting all the materials together 

to build this structure with no budget. Her concerned nature gave the impression 

that she had over extended herself without knowing it.

My first concern, and I believe Hardin’s too, was that the independent study 

class that Hardin was putting together would promise the students a chance to build 

and when Nielsen pulled out, the class would flounder and the students would have 

wasted their credits. This fear was reduced by the fact that Hardin and Brittain were 

offering the Rincon Vista design/build studio that could still absorb several students. 

With that fear addressed, we still did not want to put much effort into developing a 

project that Nielsen could pull out of at anytime, causing the project to stop. This 

lead to a schematic design that would be developed in the early part of the



semester and throughout the semester as materials and actual labor forces could 

be determined. This would allow for an ad-hoc type of model, which would be 

worked on by all students participating in the construction of this project.

At the beginning of the spring semester of 1998 Nielsen was still convinced that 

she would be able to provide the materials we would need to build this structure.

She had made contacts with several material suppliers in the fall semester of 1997, 

including suppliers of concrete, rock and sand, recycled lumber, stucco and roofing. 

These were suppliers of the basic building materials we would need and their 

response seemed positive. But, since the actual design had not been developed, 

only a preliminary estimate could be established on quantities of materials.

This beginning to the semester brought the roles that each member of the 

management team would possess into reality. The roles were not officially defined, 

as Hardin and I were still skeptical that the project would proceed. This was a 

mistake that others should learn from. When organizing a project, one should 

always work from the perspective that the project before you is real and all roles 

should be defined and documented to avoid confusion and an inequitable division 

of tasks.

Nielsen had the informally defined task of acquiring material donations and 

taking care of public and client relations for this project. This included obtaining 

needed materials, dealing with the legal gift receipts for the donors, and organizing 

any press releases that she saw fit. Hardin and I jointly held the responsibility of
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organizing the conceptualization and the realization of this structure. This meant that 

we would be directing and making sure that design drawings were being produced 

in a timely fashion and making sure that the people taking the independent study 

class were working on the project nine hours a week. We would also try to get other 

volunteer labor from the College of Architecture to participate on workdays. The 

students who were taking the class would help me in formulating ideas about how 

the building would go together and help to flesh out the drawings that would be used 

to make it a reality.

In actuality, Nielsen made many of the initial contacts with material providers but 

it was up to me to convince them to donate the quantities needed to complete the 

building. This included hours of phone conversations and meetings with the 

businesses that were donating the necessary materials and having to physically 

obtain these materials and take them to the site. Coordinating with students for help 

in these endeavors was often difficult due to divergent class schedules, which meant 

that I was usually moving materials by myself. This was also true with tool 

acquisition: when borrowing tools that we needed from the University of Arizona’s 

Grounds services division, I had to pick up the tools, get them to the site for 

workdays, and return them in a timely fashion. These activities took many hours and 

should not be discounted when trying to plan time schedules. The materials and 

tools have to get to the site in some way; the planning of how this will be 

accomplished is of eminent importance. I had not planned ahead and had not
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understood the time ramification of accepting this responsibility. After acquiring the 

responsibility, but not having roles officially defined, it became evident that it was a 

liability that I would have to accept through the entire project. The experience of 

dealing with material vendors was invaluable in discovering material attributes and 

availability, but when assigning tasks a manager must take into consideration the 

time it will take for a student to work through that problem.

The enrollment in the independent study class that would help design and build 

the Paper Bale Project in the spring of 1998 was low. There were only two 

undergraduate students, two graduate students, Hardin and myself involved. This 

was a bit daunting at first, but Hardin and I were still in denial that this project would 

ever get under way and decided that we could compensate for the lack of students 

by finding volunteers to help build this structure. To make it possible for volunteers 

to work in a meaningful way, we decided to run all workdays on Saturday. This was 

also a reaction to the divergent schedules of the students taking the class. There 

was no common time during the week that we could all meet and work at the site, so 

task oriented assignments were given to students during the week until full Saturday 

workdays could be started. These workdays lasted approximately nine hours 

including set up and break down time. These days took care of the hours required 

for a three credit hour independent study course. This left most of the drawing and 

schematic design tasks upon my shoulders. The building was to be simple, and 

since there was no need to get permits on university property, the drawings did not



have to be intense. Without knowing the actual materials we would have available 

to build with, only a preliminary understanding of connection details (found on the 

wall section in Appendix D) would be needed to get the building construction 

started. The rest of the details could be worked out in the field.

The work progressed and the students taking the class were putting in the 

hours needed to satisfy University of Arizona academic requirements, but to 

coordinate the amount of work to get the site prepared for the footer to be poured 

was an incredible task. I took the brunt of this task on myself, as it pertained to the 

education that I desired, which consumed many hours per week. Once the building 

was started and most of the tools were obtained, there was less, although still an 

immense amount, of organization to do during the week. My journal regarding the 

day to day activities of this process can be found in Appendix A. This appendix 

should give the reader an understanding of the successes and failures of the Paper 

Bale Project and my role as a manager.

Finding volunteers was not supposed to be a regular activity in this project but it 

turned into a task that I decided to take on. I attempted to employ the help of the 

Habitat for Humanity organization in the College of Architecture, but I was never able 

to sell the idea properly to its members. I did, however, use the College of 

Architecture listserv e-mail list to try and employ the help of other students. By this 

effort, and word of mouth through Nielsen, Myhrman, and those that came to the site . 

to participate, brought a considerable amount of volunteer labor to the project.
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Having work to keep all of these volunteers occupied was essential. It is 

discouraging for volunteers when they come to a site hoping to work and all they do 

is stand around or get assigned to menial tasks such as raking or moving dirt. I 

understand this from personal experience, and from talking to several of the 

volunteers. Giving workers a task and then walking away from it to let them solve 

the problem for themselves is the hardest thing I had to learn during these workdays. 

After assigning a task, such as assembling a collar beam, and then explaining it 

conceptually, it is hard to walk away knowing that the laborer will be likely to make a 

mistake. This occurred several times and then having to come back and present 

them with the fact that they then had another problem to solve was difficult. Luckily 

the way the paper bale shed was assembled, most of the detail design work that 

was left to the volunteers and those taking the class were carpentry details. The 

wood that was being used on the site was mostly from a recycling company and 

was not in short supply. This allowed for a learning curve without the fear that 

mistakes made in full scale would cause material shortages for the rest of the 

building. This on site building and detailing was not overly complex, so the students 

had a chance to master their building skills and gain confidence in the field. I 

believe that this will prepare them for further experimentation when designing on 

paper and creating scale models.
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Nielsen’s Reaction to Experimental Results

The client who had the largest vested interest in the construction of this building 

was the Department of Recycling at the University of Arizona. The properties of 

shredded paper bales were an issue that was of paramount concern to Nielsen, the 

liaison to the department of recycling. This project did uncover the structural 

properties that are inherent in paper bales when used as a load bearing material. 

The results were not exactly what Nielsen wanted to hear, but when you do an 

experiment you have to accept the observed results, begin to exploit the material’s 

strong points, and attempt to mitigate the material’s problems.

Paper bales are extremely heavy when compared to traditional building 

materials that are placed by hand. The facts that they are about 280 pounds 

apiece, and that the edges are rounded from the baling process, make the bales 

hard to place. This makes it difficult to construct walls that are true. The result is 

walls that have a curved and organic feel, unlike traditional dimensional building 

materials, and can be seen as an aesthetic problem. This problem can also carry 

over into the placing of the roof, which is built out of dimensional materials. Trying to 

line the walls up to match the collar beam can be a problem. We worked hard to 

keep the walls true during construction and we still had to push and pull the walls into 

position. There was no way to get the walls absolutely square so the collar beam 

also had to be placed a bit askew. This made the sheathing and placement of the 

metal roofing difficult. Some of the bales are protruding from the edge of the collar 

beam, which made stucco preparation difficult.
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Other problems with this material that were discovered during the construction 

of the shed were that the bales were too dense and that they had a huge amount of 

expansion and settling when they were exposed to unloaded and loaded conditions. 

To begin with, the density of these bales seemed like a beneficial aspect. The fact 

that the density of these bales resisted water penetration also seemed like a 

beneficial characteristic of this material. Work progressed under the assumption 

that a more dense material would be a better load bearing material, but during the 

construction this idea was proven to be false. Problems with the density came 

about when we were trying to connect the bales together vertically with rebar pins, 

as done in straw bale construction. The bales were too dense to accept the rebar 

pins. Therefore, we used stirrup shaped rebar pins to hold the bales together 

laterally and galvanized tie wire looped through the steel banding of the paper bales 

to tie them together vertically. This created a stable net of bales that would not be 

compromised under wind loading conditions. This process is described in 

Appendix A.

The settling factor came into play when the bales were cut loose from their 

compressed, shrink wrapped stacks and then stacked as the walls of the paper 

bale storage shed. Initially, when the bales were freed from their stacks, which were 

strapped to pallets for easy transport, they expanded. This action continued over 

the several weeks that it took to get them all into place. This caused the walls to 

look as if they would be a little over nine feet high. After the collar beam and the
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load of the roof were added, the bales settled about eleven percent to the height of 

eight feet. This would be just enough height to create an opening large enough for 

the tractor that was destined to reside in this shed.

The estimate of the insulative value of these bales, and the environmental 

impact that using these bales would have over using tradition building materials 

seems to be a good reason for further experimentation with paper as a building 

material. The manufacturing of smaller bales that could be easier to place would be 

a great place to start with this experimentation. The deflection and settling 

encountered during the construction of this first experiment could be rectified if the 

material was non-load bearing or only partially load bearing in its structural 

configuration. The material can take a lot of load, as demonstrated by BOUALI’s 

testing found in Appendix K, but the differential settling that occurs in the material 

can be detrimental to the structure’s ultimate stability. Therefore, if the smaller bales 

exhibited similar structural characteristics, it would be wise to use it as an in-fill 

material and determine the economic and ecological benefits of using this material.

The results brought mixed reactions from Nielsen and the Department of 

Recycling. Nielsen feels the project was a success and is currently trying to find 

someone to do further testing on paper as an alternative building material. As of the 

writing of this report, there is no research being done to further the knowledge base 

of paper as a building material.
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Design/Build as an Academic Paradigm

It has been my experience that traditional design studios have very little, if any, 

group work involved in them. I believe this is due to the essential nature of space 

design as a personal endeavor. There are some design problems that lend 

themselves to small group work, but nothing on the scale of a design/build studio. 

The development of one design scheme by a group of students requires a positive 

group dynamic. If this is not present it can be detrimental to the whole design. It has 

been my experience that conventional design studio group work is relatively 

unsatisfying. This feeling was prevalent at Ball State University, where I received my 

undergraduate education, and the University of Arizona where I am completing my 

master’s work. I believe this is because group work does not allow for the 

individuality that students desire in their design education. This expression of 

individuality is necessarily compromised in the process of developing a single 

design that will be built by the same team or another team of individuals.

The question is, why are students demanding more design/build type studios 

when they are inherently team focused? I believe that this loss of the expression of 

the individual is tolerated and expected when a design/build studio is elected. The 

true demand of learning through building was made obvious to me when, in the 

spring semester of 1999, the build section of a design/build sequential studio 

(taught by Associate Professor Mary Hardin) was filled to the limit while the other 

two fourth year design sections were having difficulty filling minimum enrollment.

The students’ desire to have the on site building experience outweighed their lack of
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enthusiasm for group projects. According to Stacy Kalina, a fourth year student who 

took this studio, she had the urge to bring herself back into reality by actually 

building a structure. This desire seams to be a reaction against how design studios 

are currently being taught in schools of architecture across America.

Jeff Benson, also a fourth year student participating the design/build studio this 

semester, made a profound comment that he just wanted to do something real for a 

change. This emphasizes the desire that students seem to have to root themselves 

in architectural design through the paradigm of learning through making. Design/ 

build gives students a forum to test out architectural ideas and see how they work in 

reality. It also gives them a way to resist this loss of reality, that I believe many 

design problems promote, and get in touch with the art of building. This helps to 

define, for each individual, what it is to create space and more importantly place, 

through a design process that brings ideas into reality.

This can help to explain why students are so drawn to design/build studios. The 

challenge is not for the instructor to convince them or reinforce the notion that the 

studio is worthy of their efforts, but for the instructor to organize smaller group tasks 

and help to mitigate group dynamics. During the workdays at the Paper Bale 

Project, Hardin and I attempted to direct the flow of work. Students must be allowed 

to develop detailed design solutions on their own, but on site where there is not the 

opportunity for students and volunteers to research code, the instructors and 

managers must make sure that the solutions will be structurally sound. During the
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construction of the collar beam and roof, I made sure to review the wood code for 

lap distances and nailing schedules. This, and my personal experience in carpentry, 

allowed me to feel confident in helping others understand the implications of their 

ideas.

Even with this knowledge base behind us, there were mistakes that occurred in 

construction that had to be rectified. One of these mistakes was the location and 

reinforcing of splices that had to be created to accommodate the acquired lengths 

of dimensional lumber as a collar beam. This was the wood collar beam that was 

set on the top course of the bales to draw them all together and create a surface that 

the roof rafters could land on. The splices were too close to openings and too close 

together. This caused sag to develop in the collar beam at these connections. It 

was imperative that we correct this deflection. We developed steel reinforcing 

plates on the outside of the collar beam as a remedy. This type of rectifiable 

mistake is common when students are learning about materials and must be 

accepted as part of the learning process. It is also important that the management 

team have a contingency fund and extra time allocated for problems that are certain 

to arise in an educational design/build project.

The Paper Bale Project had a short design period, due to its simple function, 

and a long building period. The building happens outside of the traditional 

academic setting. It has advantages and disadvantages for those studying 

architecture and those attempting to run the class. Fundamentally, the structure of
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the construction site is different from that of the classroom. When one member of a 

design studio is missing, in the traditional paradigm, it has little affect on how that 

studio functions. In a design/build studio, each set of hands working, or not working, 

makes a large difference in the amount of work that can be accomplished. This was 

a major concern for the Paper Bale Project, and was one of the contributing factors 

to the delays of the project. Not having enough labor on the site at this project was a 

severe problem. Building with paper bales is a labor-intensive endeavor, and not 

having many students that I could count on to be at the work site extended the 

building process.

Getting volunteer labor to help raise the walls was easily done with a few well- 

placed e-mail messages and phone calls. The process of wall raising is exciting 

because the form becomes evident before one’s eyes. It satisfies the visceral urge 

to build. To get volunteer labor to help prep for stucco was difficult. It is labor and 

detail intensive work, without the same rewards of actually raising walls or putting on 

a roof. Finish work, which is of paramount importance to the successful completion 

of a job, does not seem to give people the same level of satisfaction.

While traditional design studios are generally exclusive, many design/build 

studios include professionals and volunteers from outside the university system.

This creates an atmosphere that can foster or reduce relations and understanding 

between architects, the construction industry and the general public. The manager of 

any design/build project needs to make sure any problems or tensions that arise on 

site are successfully dealt with. This will not only insure that students are getting the
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most out if it that they can, but also that the project at hand is not creating any 

unnecessary poor public relations. If handled properly, mutual learning and respect 

can flourish in a design/build atmosphere, when many times adversarial relations 

develop in traditionally contracted structures. There have been many examples of 

this positive interaction during the construction of the Paper Bale Project. The 

occasion that most clearly demonstrates this paradigm is when John Ruiz, a stucco 

contractor, came to the site and gave us advice on preparing the walls for stuccoing. 

He taught us the basics, and was impressed with our implementation during later 

visits to the site.

Realities of Construction Work in Academia

The reality of university based learning is that many design solutions and 

assignments are put off until the last minute, and then worked on furiously for the 

week before they are due. This type of “charretting” can be accomplished when 

representing conceptual ideas. Architecture students, in particular, seem to use this 

process quite often. This results in a false sense of what can be accomplish in a 

specified time frame. When building a structure, time management is essential to 

getting the work accomplished. The time it takes for concrete to cure or for one 

person to lay a row of block while another person prepares mortar cannot be 

changed. The charrette mentality often leads students to believe that they are 

capable of doing more work than is possible. This results in students assuming 

more responsibility in production and building than they can accomplish. Falling



short of a goal can be a good education for a student but it can also lead to 

frustration and incomplete tasks. It is necessary for the manager of a project to be 

well versed in conservative time frames and help to instill reality in ambitious 

students.

I personally did not understand conservative time management and many times 

was overly optimistic about the amount of work that we could get done. Consulting 

with Hardin and other builders helped me to get an idea of the time it would take for 

certain tasks. But, the facts that we were dealing with an experimental building 

material, we were learning as we went, and we were always waiting for donated 

materials made these estimates erroneous. The experience of building this 

structure has given me a better understanding of proper time management. This 

experience has been invaluable, but I believe that if there had been a manager with 

more practical experience running the workdays, time estimates of what could be 

accomplished in a day would have been more accurate. Early in the schematic 

design phase, Hardin had consulted with me about the complexity of the design and 

the time it would take to complete it. This led me to refine the design and reduce its 

complexity. This consultation saved in production time but it was still not stringent 

enough to finish in the specified time frame. If the scope had been reduced more, 

the project might not have addressed as many issues that the project that took two 

full semesters did. Although the sense of accomplishment and completion the 

students could have gained may have outweighed the negative aspect of a reduced
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My personal goals for the Paper Bale Project and our attempts to address the 

issues our clients were concerned with, in the fullest way possible, contributed to the 

relatively wide breadth of this project’s scope. These factors contributed to a 

design that was a bit too complex for the manpower available and the use of 

salvaged materials that did not always provide proper structural integrity. These 

problems could have been mitigated, to a certain degree, if we had a proper budget 

to buy materials when needed and hire subcontractors when manpower was an 

issue.

An assumption that I made, which impeded the construction schedule, was that 

volunteer labor would be plentiful. The reality of volunteer labor seems to be that 

they will work one or two days to satisfy their curiosity. Volunteers are likely to come 

when they have free time. During the spring semester of 1998, the Paper Bale 

Project had little problem attracting curious volunteers on Saturday workdays. When 

the workdays shifted to Wednesdays and Fridays, in the morning, the volunteer work 

force was nonexistent. When planning an activity that depends on volunteer labor, it 

is wise to always schedule volunteer workdays on the weekend. This will allow for 

curious people to have an opportunity to help.

The time that it takes to set up a work site for safe and productive work needs 

serious consideration when planning workdays. In the spring of 1998, when 

workdays were full Saturdays, the hour it took to set up and take down scaffolding, 

electrical lines, hoses, and haul materials and tools to the site was not a large 

percentage of the time that we were at the site working. During the Fall semester of
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1998, when work days were changed to two half days each week, the time it took to 

set up and break down the site began to impact construction time adversely. To 

maximize the productive time in the field, it is wise to spend a portion of the project 

budget on site containers for storing tools and materials and to have a construction 

fence so that a portion of the safety equipment can be left erected. Since there was 

no budget, these concerns were neglected and therefore time was wasted setting 

up and breaking down the equipment that was necessary to build the paper bale 

storage shed.

The reality of not having a budget became increasingly evident to Hardin and 

myself as this project progressed. The essential materials that were needed were 

dependent on Nielsen and myself being persistent in the acquisition of materials, 

and on the generosity of donors. This added to the delays when we could not get 

the materials or tools on site. The workday tasks had to be scheduled around the 

materials, that we could get our hands on. This led to an ad-hoc type of a 

construction paradigm in which we tried to do as much with the materials at hand as 

possible. This was a bit unnerving, due to the lack of money that we had for outside 

consultants. The only consultants that we did have were Western Technology, for 

soils testing, and Matts Myhrman, for help and advice with bale construction. They 

both donated services to the Paper Bale Project. When it came to structural advice, 

we were left to our own devices. This led to some under engineering (the collar 

beam) and some over engineering (the steel to fix the failing splices on the collar



111-31

beam). I would never attempt another project without a budget again. The 

possibility of the project failing is much greater when there is no budget. Without a 

budget there is a lack of money for engineering fees, the possibility of not getting 

necessary materials, and a lack of authority to keep a schedule that will allow the 

completion of a project.

Contingency plans

I found myself being overly optimistic about the time schedules that I was laying 

out, for construction activities on the Paper Bale Building. Hardin and I both looked 

at this as a good way to motivate ourselves to get this project finished within a 

semester. As I analyze the development this project went through, I am beginning to 

understand that this was a way of dealing with the fact that there was no way we 

would complete the project within the projected time frame of one semester. We 

were trying to get as much done as possible before the end of the semester. Hardin 

and I had to decide what to do when the project was not finished within the time- 

frame of one semester.

We found ourselves scrambling at the end of the spring semester of 1998 and 

the beginning of the fall semester 1998, to find people who would be willing to take 

an independent study class to help finish the construction of this building. We 

absurdly underestimated the time that it would take to complete this structure in this 

semester as well. The independent study course that was offered was supposed to 

finish the shed and also develop the design and drawings for the design/build studio
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that Hardin was planning to offer in the spring of 1999. The paper bale shed barely 

was completed during this semester due to half-day workdays, a lack of volunteers, 

and the amount of time that it took to put up the stucco-stop, expanded metal lath , 

and stucco net. The disappointment and frustration this caused might have been 

avoided if we would have been more liberal with our time estimates. We were trying 

to get as much done as possible in one semester, in response to perceived and 

real contractual agreements, and the concept of not getting finished in one semester 

was not acceptable, even after the construction had fallen far behind schedule. In 

reality the contracts that were signed were flexible, as long as progress was being 

made. The work continued until it was finished at the end of the fall semester of 

1998.

Our optimistic nature as a management team could have been an asset if we 

had a good contingency plan for the possibility of not getting the project finished. 

(The contractual contingency plan that was in place, to remove the structure if not 

finished by the end of the spring semester of 1998, was not acceptable.) Being 

optimistic about what a work crew can do helps to bolster moral. This high moral 

expedites involvement, which contributes to the educational benefits one can reap 

from the building process. If the students realize that delays are out of their control, 

then they may not feel as if falling short of their goals is a failure. By informing the 

students that there are always problems in “real life” projects, delays can become a 

valuable educational experience.
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Hardin has always run her design/build classes with a good contingency plan, 

until she became involved with the Paper Bale Project. An example of a good 

contingency plan is the one instated for the Balboa Heights project, run in the spring 

of 1999. This project was done in partnership with a local contractor and the city 

Parks Department. These two entities have signed contracts stating that they will 

finish construction of the building if it is not complete by the end of the semester. 

This frees Hardin from the possibility of an incomplete project and insures that the 

students’ desire to help build a piece of architecture will be fulfilled.

If there is not a contingency plan in effect for a project, the management team 

retains responsibility for the completion of that project. The transient nature of the 

student body that is participating in the construction of the project leaves this 

management team with little resources, and a group of students that may be 

unsatisfied with their experience. When a structure stands half completed, or has to 

be torn down, as the Paper Bale building would have been had Hardin and I not felt 

compelled to devote much of our time to finish it, it leaves a negative and visible

object that reflects poorly on the individuals and the organization that were building
\

the project. '
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Notes:

1. Edward Ralph quoting Martin Heidegger, Being and Time, p.83
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Section IV

Design/Build Projects at the University of Arizona

Introduction

At the time of this writing, the College of Architecture at the University of Arizona 

has been experimenting with design/build projects as an educational tool. This 

experimentation has had successes and failures in the process of their 

implementation. It is my opinion, and I believe the opinion of others involved with 

creating design/build projects, that design/build has proven itself to be a valid and 

valuable educational tool and could be strengthened with the development of a 

codified curriculum or mode of operation. This development should bring about 

more successful projects and help to foster the growth of this young and growing 

design/build program.

This chapter will give a brief history of the projects that will guide and inform the 

development of the design/build curriculum at the University of Arizona. These 

accounts will address the successes and failures of these early projects to help 

further the understanding of those who will design and implement this curriculum. It 

should give an understanding of what has been done and how much more could be 

accomplished by the students, whose desire to realize their designs and understand 

the material nature of architecture drives the development of these projects. For 

more detailed information about these projects, contact either Adjunct Professor 

Rocky Brittain or Associate Professor Mary Hardin at the University of Arizona.
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Rincon Vista

Rincon Vista is a rammed earth and concrete block classroom facility that was 

built for the Ropes Course at the University of Arizona. This facility provides a 

space for indoor activities and information sessions that accompany the group 

confidence building activities, which are executed on the outdoor ropes course. 

Richard Romero was the main contact from the Department of Campus Recreation 

Campus Recreation was the sponsor for this project.

The Rincon Vista Project began in the spring of 1997, when a fourth year 

design studio, instructed by Brittain, used a design competition paradigm to 

produce the schematic design for this classroom facility. The winning design was 

chosen, and the design development and construction document phase began in 

the summer of 1997. The four students developing these documents continued to 

do so through the fall semester of 1997. During this time, Brittain had been 

negotiating with Campus Design and Facilities Management, who were 

coordinating the consultants that would be needed to get approval from the 

University to begin the project.
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The construction of this project was scheduled for the spring semester of 1998. 

This build phase of the design/build sequence was run as a fourth year design 

studio, directed by Brittain, Hardin and Technical Assistant Mark Perry. The studio 

began in January with some delays. The University of Arizona structural engineer 

was not producing the drawings and calculations that were needed for the structural 

steel for the footings. While these problems were getting resolved, the students 

were involved in workshops that demonstrated rammed earth and block techniques. 

During this time, items that could be prefabricated, such as steel connections, large 

timber trusses, form-work and window block-outs were made. Some delays were 

expected and tasks such as workshops, prefabrication and material ordering were 

planned to take up the slack during these down times. But the delays continued and 

the students were not able to get on the site until March second. There was no way 

that the students would be able to get the building finished within the semester. It 

was hoped that they would be able to get most of the block sections and all of the 

rammed earth sections finished so that, in accordance with their contingency plan, 

subcontractors could be hired to finish the building.

Subcontractors were hired to finish the block work during the summer of 1998, 

and in August, Brittain, Hardin and a group of up to four students worked together for 

about three weeks to finish the rammed earth walls. A concrete contractor was then 

hired to pour the bond beam and gable ends. Consistent with the prescribed 

contingency plan, subcontractors could have been hired to complete the structure.
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Brittain and the client, Richard Romero, agreed that it would be acceptable to offer 

another class to complete the work on the classroom facility. Brittain offered a fifth 

year design studio in the fall of 1998, which was supposed to complete the project. 

The studio consisted often students that built and finished the roofing systems on 

the structure. Many of these students had participated in the spring and/or summer 

classes that built this facility.

After the fall semester of 1998, there was still much to be completed on the 

interior of the building. Again, at this point the contingency plan could have been 

employed to ensure that the building would be finished for the client. Brittain again 

conferred with Richard Romero and planed a three credit hour independent study 

class for the spring of 1999. At the time of this writing, the six students taking this 

class are still working on the task of finishing the building. After talking to the 

students taking this class it seems inevitable that the building will still not get 

finished. This means that Brittain will have to confer with the client again and decide 

if students will finish this building or if subcontractors will be hired.

The students’ reaction to this project were overwhelmingly positive. It seemed 

that the most positive response that first comes to the students’ minds is the fact that 

they were able to see how design decisions on paper affected the built reality of a 

structure. Lance Lewis, a graduate student who worked on Rincon Vista and the 

Paper Bale Building, said “the experience of having the materials in my hands 

and.. .trying to make the detail on the construction documents work.. .was a great 

way to understand material detailing and will help in my future design work.” This
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idea of understanding how materials go together to create architecture, and the 

confidence that is gained in that endeavor, seemed to be the response of the 

students working on the project. Carol Donahue was one of those students whose 

confidence level with materials and the process of construction was greatly 

accentuated. When asked about the design/build process employed at Rincon 

Vista she said, “ I have been able to build, which I believe will help my design 

process when it comes to material choice, interaction and detailing.” If exposing 

people to construction systems and giving them confidence with building materials 

is one of the goals of this design/build program, then I believe it can be said that 

these goals have been understood by the students and have been successful.

The students also understood that there were some problems with the 

implementation and organization of the project. When asked how they felt about 

their productivity as a class, it was easy to elicit negative responses about the 

organization of the class. These responses ranged from criticizing the use of 

“experimental building material,” because rammed earth did not allow them to 

progress further and gain a greater breadth of experience within the length of the 

semester, to the criticisms of the organization and lack of control the students had in 

getting work completed. Kevin Palmer and David Flores both made the same 

comment that they “were always waiting for Facilities Management and contractors” 

who were not delivering services and goods in timely fashion. This was further 

aggravated by the fact that students felt they were not encouraged to take risk with 

materials. Dave Hardin made a profound comment that during spring break he
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could have made incredible progress “on the casting of the windowsills if (he) 

knew how to do it.” He expressed anxiety that if he made any mistakes it would 

have to be torn out and replaced. I believe experimentation should be 

encouraged in a design/build project, even is there is the possibility it could 

cause delays.

In my opinion, these students were expressing dissatisfaction about the lack 

of control that they were afforded during the construction process. At the 

beginning of the project, teams were formed to get materials organized and 

ordered, participate in rammed earth testing, build form-work and volume 

displacement boxes and prefabricating steel connections. This team mentality 

carried over into actual construction, but did not require or allow for the same 

level of responsibility on the part of the students. When talking with Steve 

Crooks, who worked on the project for two semesters and a summer, he 

mentioned the fact that Brittain would not'allow him to contact a subcontractor 

because “(Brittain) had made the initial contact and thought that he should be 

responsible for” finalizing the task of acquiring specified materials. The 

University of Arizona’s Project Architect Bruce Dawson caused part of this 

condition. He had reviewed and stamped the students’ drawings and thus, under 

University precedence, had control over the implementation of this project. In 

other words Brittain, Hardin, Perry and the College of Architecture had given up 

much control over the project and did not have the authority to give control to the

students.
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The disempowerment of the student is hard to avoid when measures for 

students to claim authority or be required to take control are not in place. I feel it is 

important to outline exactly what the pedagogical goals of a design/build program 

are and what it will take to achieve those goals. This includes creating teams and 

delegating responsibility to the teams of students taking the class. This has been 

done in other design build programs such as the Yale Building Project. A list of 

elected student roles are outlined in Section V, subsection: Student Roles. I am of 

the opinion that the empowerment of the students by giving them authority is the key 

to running a successful design/build project.

Balboa Heights

cr.

VVE5T E L E V A T IO N ___________________________

Figure IV. 2

The Balboa Heights project is a small community center for the Balboa Heights 

Neighborhood. This project is located in a small neighborhood that is bordered on 

four sides by major traffic arteries. The local neighborhood association, with a 

subcommittee called the Balboa Heights Park Committee, understood the need to 

have a park in their neighborhood for their children. The committee enlisted the help
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of Marty Birdman, owner of Bimsco Hardware and a general contractor. He has 

been living and working in the Tucson community all of his life and was able to 

arrange for money, material and labor to build the park and get a small trailer as a 

place for community meetings and after school tutoring. Birdman had become the 

sponsor for this community’s projects.

This project’s success has lead to the desire for a larger permanent community 

center to be built. The initial meeting between Associate Professor Mary Hardin, 

the faculty member that would be running the design/build studio in the spring of 

1999, was on June 25,1998. Birdman proposed the small community center, to 

replace the trailer that was on site, as a design/build project that could be built, in 

conjunction with subcontractors that he would manage. Birdman would also take 

care of coordinating consultants and contacts with the city. This proposal seemed 

like it would be a good design/build project. With subcontractors and students 

working side by side and by having subcontractors working days that the students 

had other commitments, there was a good chance this project would be finished in a 

semester. This would give the majority of the students a sense of completion and 

closure that previous design/build experiments had not. If the project was not 

finished, there would be a contingency plan stating that Hardin and the students 

could walk away from the project and Birdman would organize subcontractors to 

finish the job.

I believe there was another reason that made Hardin think this would be a good 

project for a student design/build project. Hardin believes that the University system



has the obligation to do philanthropic work within the community. This project would 

realize this belief and hopefully instill social awareness into the young architects that 

would take this class. The idea of public service is espoused by many design/build 

programs and is a stated pedagogical goal of the Yale Building Project. (Brouard 

P-42)

Hardin decided that this project would fulfill the needs of her design/build studio 

for the spring of 1999. Therefore, on August 7,1998, Hardin went with Birdman to 

the Balboa Heights Park Committee to discuss what their ideas for the community 

center’s uses were. This meeting confirmed that this project held merit as a 

possible design/build project. Hardin decided to develop this project as a 

sequence that could be followed, by interested students, from schematic design 

through design development, construction documents and construction. She offered 

an independent study class that would work on initial designs that would later be 

integrated into the construction documents class in the fall semester of 1998. This 

class would develop the design and produce the construction documents for the 

building. The construction of this project would be implemented as a build segment 

of the design/build process in the spring of 1999. This was a thoughtful and 

deliberate way that Hardin attempted to allow interested students a hand in all 

aspects of the project’s design, development and construction. This was an 

attempt to create a complete and coherent year-long design/build exercise.

Schematic designs were completed and given to Compton’s construction 

documents class on September 21. This class was to develop the design and
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prepare the construction documents, for permitting purposes. The documents were 

completed on December 11. On December 15, at the pre-submittal meeting, these 

documents were determined to not be at an acceptable level and had to be redrawn 

by Lance Lewis, a graduate student taking Hardin’s independent study class. There 

was a second pre-submittal meeting on December 22, and a City Facilities Design 

Management technical review on January 8 to try to address any problems that 

might occur during the permitting process. Hardin believed that after these three 

meetings there would not be problems getting the building permitted. But as Lewis 

said “this was at best, an incomplete review that did not identify serious deficiencies 

present in the construction documents and overall design.” On January 15 the plans 

were submitted to and rejected by the city plan review department. These plans 

were initially kicked out of plan review due to the lack of structural calculation sheets 

and model energy code calculations that had been promised by the structural and 

mechanical consultants, but were still missing. Without permits the design/build 

class could only dig the trenches and set the structural steel. Ground was broken on 

February 8, giving the design/build class work for a few weeks while attempts were 

made to resolve issues and get the building permit. The plans were submitted 

again. Newly discovered requirements for the site plan, and a revised decision that 

both a structural engineer’s and architect’s stamp were needed on the drawings, 

held back the permits again. Hardin did not have her Arizona license and could not 

get reciprocity for over a month, so Glen Dixon from City Parks and Recreation took
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the responsibility of hiring a consulting Architect to review and stamp the 

drawings. There were still problems with the parking variances on the site plan 

that Dixon was supposed to have addressed. Hardin, worried about the success 

of this project, went over Dixon’s head to the Director of Parks and Recreation to 

get the problems resolved on the March 8. By April 1,1999, we had the building 

permit. At the time of this writing, assuming what will happen is not possible. 

Therefore, concentrating on the reaction of the students to the project and the 

problems that evolved early in the process should help by providing those writing 

the design/build curriculum with direction in their process.

Early in the process of this project I interviewed students to understand their 

motivation for taking this class. I interviewed students who were getting involved 

at the building phase and also those who had been involved in the project through 

the design development and construction documents phase. When asked at the 

beginning of the class, most students who had not been involved in earlier 

phases said they were taking the design/build studio mainly to get their hands on 

real building materials and understand how a building goes together. This 

sentiment was echoed in later interviews of Stacy Kalina, Kelly Angel and Jamia 

Dees. There was also a faction of students, like Jeff Benson, that were 

deliberately involved in the design development and construction document 

phases so they could continue on and realize what they had a hand in creating. 

There was also a small faction of students that were frustrated because they had
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not been involved with earlier phases of this project and felt dissatisfied with just 

building. Lance Enyart was one of those students and seemed to wish that there 

had been more emphasis on design during this studio. I believe that this feeling 

came from the fact that the design/build program at the University of Arizona does 

not have clear goals for the students to work toward. If the pedagogical goals of the 

studio as a building phase of a design/build project were well defined and 

presented to the students, as Hardin did when teaching at Arizona State University, 

this misunderstanding and dissatisfaction would not have occurred. The idea of 

defining these goals is well defined in Section V Pedagogical Goals.

It was the intention of Hardin to design this project to be a sequence that the 

students understood as a coherent design/build experience. However, some of the 

students who had experienced the design development and construction document 

phase of the project did not decide to continue into the construction phase. Scott 

Trombetta was one of these students. He said that, “after working so hard on the 

construction documents he had no desire to build the project that [he had become 

so familiar with].” While Jeff Benson, another of these students, expressed the 

feeling that he wanted to build the project in which he had so much personal 

involvement and investment. This paradigm seemed to work well by allowing for a 

coherent design/build experience for those that desired it and a way for students to 

back out of the process if it frustrated them or they felt as if they were not learning 

what they had expected.
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Difficulty with consultants who are doing pro-bono work for a project is another 

difficult situation that came up during this project and needs to be addressed as a 

possible source of delays in future projects. When writing a curriculum it will be 

important to delineate who will pay for consultant work and who will be responsible 

for making sure that consultants fulfill their obligations. If this is not defined, it 

generally is taken as a responsibility of the instructor to delegate authority to a 

student or to do the work. If these tasks are not accounted for in the instructor’s time 

allocation plan, it can cause adverse affects on studio organization.

Paper Bale Project

Til Jotef

<x&—

Figure IV. 3

Section III and Appendix A gives a complete overview of the history of the 

Paper Bale Project. This subsection will give a concise overview of the problems
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that occurred with this project and how a design/build curriculum should address 

these issues.

This project was conceived of as a community effort to forward the 

development and use of alternative building materials. Jean Nielsen was the 

director of the AZRE at the University of Arizona and had committed to the 

development of paper Eco-bales as an alternative building material. She recruited 

the help of Associate Professor Mary Hardin and myself in this experimentation. 

This project started without a budget and Nielsen intended all of the materials and 

services needed to build this structure to be donated by local businesses. This lead 

to serious compromises in the design process and in the scheduling of the 

independent study design/build class that was taking on the challenge of making 

this project a reality.

This project was conceived of as a design/build project that would last one- 

semester. The tasks of design, design development, construction document 

production, and construction had to be accomplished within the spring semester of 

1998. This project evolved into an ad-hoc process that allowed the students to 

design structural solutions and implement them directly after design. This was due 

to the fact that Nielsen had difficulty finding materials that were needed to build the 

schematic design as initially conceived. This essentially lead to a paradigm of 

small, charrette type design/build tasks within the larger framework of the project. 

The students were therefore asked to continually create and implement designs,
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thus completing the informative cycle of design through representation and full scale 

realization that is then used to inform the realm of ideas. As a student who had 

taken on the role of project manager, I was able to see the confidence that this 

process gave other students and myself in our design work. This theoretical idea 

should be considered when developing a list of pedagogical goals that will direct 

the development of a design/build curriculum.

When the design/build curriculum is codified, it is necessary to make strong 

recommendations that no project be attempted without a budget for needed 

materials and services. There are many times materials and services can be 

donated to a worthy project, but directing faculty and managers cannot count on 

needed materials to be donated at critical times. This can and will disrupt the 

schedule of the class, making it necessary to resort to contingency plans. The 

Paper Bale Building was successfully finished (in two semesters instead of one) 

and served its purpose as an educational tool and as a demonstration of the 

possible usage of non-recyclable paper. Although, the constant disappointments 

and delays, due to a lack of materials and scheduling delays, sometimes caused 

poor moral, which may have caused adverse affects on the students educational 

experience.

Conclusion

The projects that have been presented in this chapter summarize the history 

of large scale design/build projects that have been attempted at the University of



Arizona. These early projects can be seen as having a large range in their scope 

and scale. It is difficult for me to judge the overall success of these projects, as they 

reflect the success of the design/build experimentation at the University of Arizona’s 

College of Architecture, because of the differences in building type, class 

organization, and the lack of well defined pedagogical goals. By organizing and 

delineating a design/build curriculum, this educational tool can continue to be 

developed in a logical and tangible manner. This curriculum should be conceived of 

as a tool to help guide and inform projects and help instructors and coordinators 

choose projects that will reinforce the program’s goals.
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Section V

Design/Build at the University of Arizona

Introduction

Design/build is being developed as a way to educate young architects in 

academia. There is strong historical precedence for learning through making within 

the realm of academic institutions. The idea of learning through hands-on building 

at full-scale has recently been the intent of several design/build projects, geared 

toward the fourth year design studio at the University of Arizona. These projects 

have ranged in size from a freestanding classroom educational facility to a small 

agricultural storage facility.

The student reaction to these design/build projects has been positive. But 

there have also been some problems in the development of these classes. The 

most notable problem is the inability to achieve the goals defined by the instructors 

and students, within a specified time frame. This inability to achieve defined goals 

has been brought on by a series of events that are fully outlined in chapter IV. In my 

opinion, the problems faced are inherent in the learning curve that pertains to the 

managing of design/build projects. The issues and organizational difficulties that 

contributed to these problems need to be resolved. This resolution can be achieved 

only through the coordination and collaboration of faculty members and the College 

of Architecture administration. If a design/build curriculum is to succeed at the 

University of Arizona, it is essential that the process of growth which the curriculum
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is going through, is recorded (sections III and IV are a starting point for this 

process). This process must then be analyzed to provide the students, and those 

instructing the class, with a clearer understanding of the objectives of the design/ 

build offerings. A clear definition of the school’s pedagogical goals and 

implementation techniques should help everyone take better control of the education 

process.

The following analytical process can be used as a basis for the development of 

the design/build curriculum at the University of Arizona. The process is based on 

the Yale Building Project Resource Manual, an analysis of other design/build 

programs and projects that have been executed at the University of Arizona. This 

information should help a faculty member or another courageous graduate student 

begin the process of actualizing a formal design/build curriculum.

A Starting Point

There have been many successes and stumbling blocks in the three most 

recent design/build projects at the University of Arizona. This early growth has 

proven to be exciting and, I believe, sometimes frustrating to the faculty and students 

alike. The first decision that must be made, at this juncture, is whether or not the 

faculty and the administration want to continue to offer and support full scale building 

activities. The decision of whether this educational experience should be offered as 

a studio or an elective class must also be made. The risks involved in designing and 

building a structure must be taken into account when making this decision.

There is risk involved with building at full-scale. A student may be hurt on the
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job site, a building may not get finished, or the client may not be satisfied with the 

level of service that he or she received. The latter can cause rifts between the 

community and the College of Architecture. To date there have been few 

occurrences of injury, and although the buildings that have been attempted have 

taken longer to construct than scheduled, there has been little client dissatisfaction. 

Nevertheless, all factions of the College of Architecture at the University of Arizona 

must agree that they wish to pursue the endeavor of learning through building. 

Pedagogical Goals

Assuming that the administration and faculty agree that they wish to continue 

development of the design/build paradigm, it is essential that a list of pedagogical 

goals be developed. These pedagogical goals can be as simple as a well thought 

out mission statement, such as the one uttered by Samuel Mockby when stating 

Auburn University’s goals, or as complex as a comprehensive list of goals that Yale 

has produced. Samuel Mockby’s statement that... We want to expose students to 

their social responsibility as architectural citizens, along with the principles of 

design and construction (Carpenter p.63)... is simple and concise. While Yale’s 

list of goals to...

• Teach awareness of the multifaceted nature of the architectural profession 
early in the curriculum, in order to benefit the students in their further 
studies.

• Provide an integrated curriculum that prepares students for professional 
practice.

• Provide an opportunity for students to see an entire Building Project 
through, and experience the pleasure and accomplishment of completion.

• Introduce the idea of public service in revitalizing neighborhood
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infrastructure and present realistic successes and frustrations of work in the 
public sector.

• Accomplish ambitious educational goals in a limited time.
• Enhance the educational experience and demonstrate the range of roles 
in building projects by using outside professional experts, nonprofit 
developers, and city officials as consultants.

• Document the process and results and provide information and advice to 
other schools interested in implementing similar programs.1

. ..gives the school a comprehensive idea about what it is that they’re working 

toward and a means to judge their progress. In an academic setting, where it is 

possible that more than one strong individual such as Mockby would be taking 

control of the organization and mediation of a project, I believe it is important to 

have a well thought out and delineated pedagogy. By using a model like Yale’s, a 

standard will be created by which the faculty, administration and students will know 

how well the class is performing.

Class Organization

The next step would be to decide how goals of the design/build program could 

be realized. It is important to decide the best way to organize the class. There are 

many possibilities and each has its own ramifications on the structure of a class. 

Classes can be structured as: design/build, design then build or build/design. The 

design/build paradigm is one in which the students design and build a structure as a 

coherent group. The design then build paradigm is one in which one group of 

students design the structure and create the construction documents and another 

group of students implement the design. The build/design paradigm is one in which
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a group of students build the design of a previous class. They are then instructed to 

design a similar building, which will be constructed the next time the course is 

offered.

The design/build paradigm that asks the same class of students to design, 

develop, and build a structure within a semester doesn’t generally allow for the 

experience of designing and building a substantial structure. However, this 

paradigm does allow for a coherent design/build experience. This experience 

allows the students to take their design ideas through representation and 

development, into reality, and then conceptually back into the realm of ideas. It is 

assumed that the students will take the information learned from building and apply 

it to their next design problem.

The design then build paradigm allows for more substantial structures to be 

built over two or more semesters of work. It has been my observation that this 

process can lead to a disjointed experience. The students either learn howto put 

together a set of construction documents or learn howto interpret those documents 

into real forms. The continuity of taking ideas into reality and then back into the 

realm of ideas is broken. Although this format definitely has merit. The students 

can learn much about the process of construction. This includes learning about the 

coordination and cooperation that it takes to complete a set of construction 

drawings or actually build a structure.

The implementation of the build/design paradigm would also allow for the
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completion of the design process. The students are able to build a design and then 

learn by immediately applying the knowledge that they have gained through hands- 

on making. This paradigm allows for a more complicated building to be constructed 

in one semester. This is due to the fact that it allows the instructors a semester or 

more of buffer time to coordinate construction documents, subcontractors, and 

permits. Hardin has had success with this system while teaching at Arizona State 

University.

Those who are developing the design/build curriculum should be aware that 

their pedagogical goals should drive their choice of organization. The way the 

design/build studio or elective is implemented will directly influence the results of the 

class.

The main organizational paradigm that has been used in the design studio 

format, at the University of Arizona, is one where the design/build process is broken 

down over two or more semesters. The classes were constructed so that a fourth 

year design studio was responsible for the design and the production of the 

construction drawings and another was responsible for the construction of the 

project. At this time, the design sequence has not been set up so that the students 

that begin the sequence of design/build are required to continue onto the next class. 

This non-sequential process allowed for the relatively complex Rincon Vista 

classroom facility project to be built. This non-sequential model allowed for 

drawings to be revised, permission from the University of Arizona to build the
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specified design to be obtained, the organization of subcontractors, and a period of 

time for Brittain and Hardin to organize the tools and materials to get the project 

started. This paradigm can work well, if providing an opportunity for students to see 

an entire design/build project through completion is not a pedagogical goal. It 

allows the students to either have the experience of designing a project through the 

construction document phase, or the experience of seeing the impact that other’s 

design decisions have on a built form. This gives the students a fractured 

experience but if the student can assimilate the information and use it in future 

design projects, the classes have been successful.

Hardin attempted to use this same paradigm in the Balboa Heights community 

center design/build project but implemented it in a slightly different way. Hardin 

attempted to generate the design and the working drawings in one semester 

through the fourth year construction documents class in the fall and then offered a 

build studio in the spring semester of the same year. This change allowed for, but 

did not require, the students to experience the whole design/build process. This 

was a huge task to take on, and with her previous experience in designing and 

building small residential structures in one semester she believed that completing 

this structure in a full year would not be difficult. The problems that occurred during 

this project were associated with the scale and scope of the community center, the 

fact that it was to be a city owned building and the lack of cooperation that was 

given to this project by the City of Tucson. A residential structure is much easier to
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get permitted, and the actual scope of the space planning is one that young 

architecture students are much more familiar with. In my opinion, the problems that 

arose (as outlined in chapter IV) may have been successfully mitigated if there were 

two faculty members working on the project. One faculty member would have dealt 

with consultants and the city building officials and the other would have organized 

the students on site and in the studio, to help maximize their design and construction 

efforts. The concept of faculty duties and the number of faculty that are required to 

run a successful design/build studio will be discussed later in this section.

The third project, that has been part of the developmental stages of the design/ 

build program at the University of Arizona, was the Paper Bale Project. This 

building was a small storage facility built for the University of Arizona School of 

Agriculture. This project attempted to use the design/build paradigm of designing 

and building as a one-semester endeavor. It is my opinion that designing and 

building in one semester gives the students a full and congruent experience. My 

experience of actually seeing a full-scale built object that I had conceived on paper 

and in chipboard informed my ideas about space and the interaction between 

independent materials. My role was to organize and manage the design and 

construction of this project. This was my introduction into the realm of design/build 

as an educational tool. The class was run as an independent study class in which 

Hardin worked mainly in an advisory capacity. The scope of the project was small 

and should have been completed within a semester. The difficulties this project ran
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into were the lack of a budget to acquire the materials and the lack of manpower 

needed to get the project built. Manpower was a problem due to the fact that a 

design/build studio was being offered at the same time. The independent study 

class was offered during the same semester as the Rincon Vista design/build 

studio and could not attract the number of people needed to finish the project in a 

semester. Even with a plethora of set backs, we were able to design and build most 

of the structure in one semester. The finish work was completed the following 

semester by another independent study class. This should demonstrate that it is 

possible to design and build a project in a semester if the scope of the project is 

limited.

From the experience of the design/build projects that have been attempted at 

the University of Arizona and the investigation into other programs outlined in 

Section li, it can be seen that the design/build paradigm can be interpreted and 

employed in different ways. It is imperative that the process, whether it be a 

sequential implementation or a complete design/build experience, reinforce the 

pedagogical goals of the school. When the organization of the class meets the 

objectives of the educators, the unfortunate problems that delay the process can be 

predicted and avoided, with experience and the proper allocation of resources. 

Scale and Scope

I am of the opinion that the scale of the project and the implementation of the 

project are closely related. Therefore, in my analysis, the next thing that should be
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decided is the scale and scope of project that can be accomplished within the 

parameters of the implementation process chosen. A range of building types and 

square footage minimums and maximums should be decided as a guideline for the 

acquisition of new clients and new projects.

The experimentation at the University of Arizona, in the realm of design/build, 

has produced no projects that have been finished within the specified time frame. 

This means that the implementation time frame was too short, the scale of the 

project was too large, or the scope of the building type or construction process was 

too complex. The notion that a building process can be too complex is one that has 

drawn criticism to the process of design/build as an educational tool. The idea that 

the design is dumbed down so that the students can be smart enough, skilled 

enough or experienced enough to build it, is the main criticism. This criticism lies in 

the idea that this paradigm is not pushing the student to investigate and develop 

complex structural systems. This is true in many larger structures, but there are 

programs, such as the Cranbrook Academy of Art, that are building smaller projects 

with complex structural systems and intense investigation into the usage of 

materials.

The argument that easily-built designs do not challenge the student is an 

argument that has no merit if the design meets the pedagogical goals of the school. 

If the goals of the program are to expose students to the cooperative and 

collaborative skills that it takes to bring a design idea to fruition while exacting a



V-11

structure that can have an impact on the surrounding community, then a simple 

design can fulfill the needs of the class and of the community. If the College of 

Architecture’s goals are directed more toward the development of design 

excellence, the development of the students understanding of materials, and the 

process of learning that occurs from taking an idea through the realm of 

representation into reality, then small but more complex structures should be sought 

and built. The scope of the building will determine the duration of a project as much 

as its scale. This should also be taken into account when soliciting or accepting 

projects from clients. The time it will take to build a structure is the determining 

factor of how the studio or elective is conceived and planned.

The scale of a project is also closely related to the format of a design/build 

studio or elective. The amount of time that it will take to complete a project must 

also fit in with the paradigm chosen to fulfill the school’s goals for their students’ 

education. This refers back to the previous section, Class Organization, which 

discusses the options for class structure, which in turn is reliant on the stated 

pedagogical goals for its form.

Faculty Roles
<

At no time shall any faculty member take professional liability for 

student designs and construction. This is to be the obligation of the client or the 

University. The entity responsible for project liability will be determined during the 

formulation of the curriculum, which is a response to the stated goals of the design/ 

build paradigm implementation process.
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Faculty members who are going to teach a design/build course should be 

dedicated to the long-term success of the program. A class that builds requires that 

the faculty be familiar with tool use and safety, project management and client 

relations maintenance. It is difficult to generate projects that can fit into the 

academic time frame. Therefore, the faculty members chosen should be architects 

who have “direct or indirect experience with construction” (Brouard p.16) in order to 

understand the limitations that are mandated by tight construction time frames with 

inexperienced laborers. It is important that the faculty members who take on this 

role are dedicated to the development of the program. It is also important that these 

faculty members are allowed to continually teach and coordinate the design/build 

studio or elective class. This will give the education process a coherency that is 

needed to maintain clients that want student designed and built structures.

The Yale Building Project Resource Manual outlines the monetary resources, 

faculty, and teaching assistants dedicated to creating a successful building project. 

For each building project that serves approximately 40 students, there are four 

studio critics, two salaried part time faculty members dedicated to managing the 

coordination and construction of the project, two third time teaching assistants and 

$1,200 in monetary resources dedicated to the running of the studio. This level of 

expenditure may seem extreme but it should give the administration and faculty 

running a design/build program at the University of Arizona an idea of the amount of 

resources that a successful program has available.
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The two part time faculty members that are the driving force in the Building 

Project at Yale have diverse and complementary roles within the organizational * 

process of the project. The positions these faculty members hold are that of Project 

Coordinator and Project Director.

...the Project Coordinator plans and develops the next project, negotiating 
a contract with a sponsor and coordinating details with the university. The 
coordinator also supervises the competition process, setting the direction 
for the teaching of design and mediating between students, design critics, 
sponsor, technical consultants, and client.

The Project Director manages student participation and plans and 
conducts various workshops. He provides instruction in construction 
techniques and details (both in the studio and in the field), budgeting, and 
scheduling. He also evaluates student performance in both the studio and 
the field and oversees the construction process.2

To run a successful design/build program it is necessary to allocate the proper 

resources to the projects. The level of investment may not be as great as at Yale, 

but it is important to understand that for a design/build project to be run well it takes 

more manpower than a traditional studio. The Rincon Vista project Run by Hardin 

and Brittain is a good example of the necessity for greater investment. If there had 

been another faculty member working with the Balboa Heights Community Center, 

problems with consultants, city code officials and University coordination could have 

been resolved more quickly and the project could have been more successful.

At the writing of this report, Associate Professor Mary Hardin, Adjunct 

Professor Rocky Brittain, Adjunct Professor Warren Hampton and Associate 

Professor Corky Poster are the faculty members that are involved and have interest



V -14

in the design/build projects being generated at the University of Arizona. Each of 

these faculty members has different interests within the design/build paradigm and 

different resources to offer to the design/build curriculum. When developing this 

curriculum, it is important that these three faculty members are at the core of the 

decision making curriculum committee.

Student Roles

The design, design development, and construction document production 

phases in a design/build sequence are intense and allow students to more than fulfill 

the University’s required eighteen hours per week of in and out of class time 

commitment for a six credit hour course. However, during the construction phase 

this time commitment can be difficult to enforce. It is important that the students are 

required to monitor themselves and others in the amount of time that they are putting 

toward the construction, documentation, fund-raising and organization of a project.

The Yale building program gives students the opportunity to cultivate leadership 

and management skills within the building phase of a design/build project. This 

allows the student a broader experience than just learning labor trades and field 

implementation. The positions that students within the program are elected for are:

•Two project managers have the primary leadership role on the project.
They represent the class in dealings with the faculty, the client, and city 
officials, and also oversee class participation. It is their job to make sure 
that all students are participating and that they know what is expected of 
them. They make sure the process is running smoothly and fairly. 
Interpersonal skills are key to this job, especially given that most students 
have not previously worked in teams on an architectural project.

•The client/sponsor contact acts as a liaison not only to the sponsor but also
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to the client or ultimate user. This person helps ensure that the client and 
sponsor have a strong voice in the design and construction processes.

• A public relations representative promotes the project in the local and 
national press and works with the sponsor to monitor relations with the 
neighborhood surrounding the project.

• Two fund-raisers play a critical role in the project. They help raise money 
needed each year to hire students as summer interns to complete the 
construction. In addition, they solicit donations of tools and building 
materials from suppliers.

•The photographer/archivist documents the design and construction of the 
house through photographs, video tape, and collection of construction 
documents, a process that is crucial for public relations and fund-raising 
efforts.

•The mentor program representative helps run a program in which high 
school student interns work on the building project during the summer. This 
representative meets with local high school administrators and interested 
high school students, explains the project and the process to candidates, 
and advises on the selection of interns.

•A purchasing and inventory planner assembles a notebook of relevant 
materials and specifications, keeps inventory of available stock in the 
sponsor’s warehouse, supplies information to team representatives, and 
assists the winning design team in itemizing all building materials to be 
purchased prior to construction, He or she also researches and compares 
products and orders supplies in conjunction with the construction planner.

•The construction planner prepares a weekly job schedule, which is updated 
daily. The construction planner also informs field crew managers of this 
schedule and any changes, notifies the archivist of important stages of 
construction that should be documented, and coordinates with the 
purchasing and inventory planner to ensure timely delivery of materials to 
the site.

•Two food planners develop a balanced, inexpensive, and filling lunch 
menu, working with the Project Director and the construction planner to 
determine schedule, budget, and amount of food needed. They prepare 
and deliver lunches to the site every day during the first two weeks. (After 
that time, each field crew has its own food representative who provides 
lunches for his or her crew with assistance from the food planners.)

•The engineering coordinator gathers structural, mechanical, and electrical 
information from past projects for reference during design and the 
development of working drawings. This student also serves as a liaison 
between outside consultants and each design team’s engineering 
representative.

•The budget coordinator reviews and sets up the budget software program
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and collects information on current material costs and on past proposals. 
He or she also reviews budget information from design teams and assists 
them in developing their proposals.

• A working drawings coordinator collects blueprint sets of past years’ 
projects for reference during preparation of construction documents, meets 
with representatives from each team to help them assemble their 
construction documents, and coordinates professional consultants on 
working drawings. This job requires previous professional experience.

*The detail coordinator assembles a reference notebook of relevant details 
from past projects, construction texts, and industry catalogs and supplies 
information to a representative from each team. This job requires some 
knowledge of construction details.

•The code compliance officer ensures that each design complies with 
municipal and state building laws, obtains current code manuals for class 
reference, meets with team representatives to review specific code 
applications, serves as a liaison between design teams and city officials, 
and assists the selected team through the permit approval process.

•Four field crew managers oversee student construction teams, each of 
whom work on site in half-day shifts, three days a week. The managers set 
the schedule and are responsible for letting their team members know of 
changes in the schedule due to weather, delays, or other complications. At 
the beginning of each shift, the Project Director reviews the work to be done 
with the field crew manager, who in turn assigns these jobs to team 
members. Experience has shown that the best field crew managers 
concentrate on distributing work and helping inexperienced workers, rather 
than on doing hands-on work. It is hard for some managers not to pitch in, 
as they are likely to be skilled workers, but the most effective ones take to 
heart their roles as defined.3

The idea that each of these jobs will contribute to the success of the project and can 

be accomplished outside of in-class construction work gives a greater validity to 

design/build as an educational paradigm.

The Yale building project also requires that the studio break down into groups 

that are responsible for specific tasks on and off the job site. This team creation of 

approximately ten students has allowed for efficient and directed use of student’s
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efforts. The problem of having too many students on site that expect the faculty 

member on site to give them direction can lead to inefficiency and frustration. It is 

important that the design/build curriculum implementation team at the University of 

Arizona determine guidelines for student roles and team sizes. This step will allow 

for a more in depth and tangible experience for the student and create a more 

efficient organizational structure for design/build projects.

Administrative Roles

The administration is a controlling factor in the success of a design/build 

curriculum. The decisions it makes about allocation of funds and resources will 

have an incredible impact on the direction the design/build curriculum the University 

of Arizona will take. After careful consideration, the administration may feel the 

risks and costs inherent to a design/build program may not warrant further 

investment into this process. If this is the case, it is advisable that design/build 

efforts, as they are currently being implemented, be terminated. With the support 

that has been given to design/build projects as evidence, I believe that the 

administration believes design/build is an effective teaching tool. In this case, it is 

imperative that the administration participates in or are continually briefed on the 

development of a design/build curriculum.

It is in the realm of the administrations authority to determine the amount of 

monetary and liable risk the University will to take and how much they will require the 

client or sponsor to assume. The decisions made about these legal concerns will
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begin to delineate the responsibilities that the sponsor and the University of Arizona 

have to each project. Contractual documents that state the responsibilities of,each 

involved party will address and clarify roles. Limiting the liability taken on by the 

University may limit the clients that can be served. Regrettably, this is a necessary 

precaution that must be taken to insure that design/build projects can continue to 

offer students the benefits of hands-on education.

This issue of responsibility could have upset a whole semester’s worth of work 

during the early stages of the Balboa Heights Community Center. Hardin had 

received a verbal confirmation from city code officials that drawings would not have 

to be stamped by an Architect because of the size and scope of this project. When 

the design/build studio was in full swing, she received information meeting that the 

drawings needed to be sealed and signed by an Architect as well as a structural 

engineer. Hardin did not have her Arizona license and did not wish to take 

professional liability for a project that would not provide adequate compensations 

for assuming this liability. Therefore, the sponsor had to find an architect that would 

be willing to seal and sign the drawings. If the project had stopped at this point it 

could have jeopardized the future of the design/build program at the University of 

Arizona. This situation could have been resolved in early negotiations, had a 

contract addressing project liability been signed by all entities working on the 

project.

The administration is responsible for determining the level of risk and 

investment that they are willing to allocate in a design/build curriculum. It is also
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imperative that secretarial and financial management services, that are already in 

place, be made available to the design/build program. When funds are acquired 

from outside the University, by the design/build faculty team, it is essential that 

financial management services are available to manage the funds and perpetuate 

the design/build program.

A Challenge

This paper has begun to outline the historical precedents for design/build, how 

design/build has been implemented in contemporary schools of architecture, and 

probable steps that need to be taken to implement a design/build curriculum at the 

University of Arizona. At the time of this writing, there is no formalized design/build 

curriculum at the University of Arizona. I am not aware of any plans to attempt to 

structure and actualize a curriculum pertaining to design/build. I believe that with 

proper planning, organization and promotion, design/build could become an area of 

study that would bring merit to the College of Architecture. As described in this 

chapter, the faculty and administration must want to implement learning-through- 

making firmly in the school’s academic paradigm. Without a codified curriculum, 

design/build projects will continue to be done in an ad-hoc and reactionary manner 

and their validity will continue to be in question.

I now formally challenge a faculty member, or a courageous graduate student, 

to take my research, experience and ideas to create a formal design/build 

curriculum. This curriculum will be the basis by which students, faculty members,
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and the administration will solicit and select projects, gauge the success of an 

individual’s experience, understand the success of the project itself, and monitor the 

progress of the design/build program. When the successes and failures of projects 

can be analyzed by a set of delineated ideals, then a true understanding of the 

impact of a design/build program can be assessed. The information generated by 

analyzing the past projects through comparison with defined ideals will act as a 

guide for future projects.

Design/build can be used as a tool to promote the College of architecture at 

the University of Arizona. Many students expressed their motives for taking a 

design/build class as a desire to understand the reality of putting materials 

together to create a structure. Therefore, it can be assumed that new students 

coming to the University of Arizona will possess the same desires. A design/build 

project or area of concentration will give those students the means by which to grow 

into and understand the profession of architecture.

It is my hope that this challenge will be taken and that my research, experience, 

and ideas will help the creation of this curriculum. Without formalized ideals and 

goals, it is difficult to gauge progress and assess when changes within a program 

are necessary. Therefore, the creation of the design/build curriculum will allow for 

the continuing progress of the design/build paradigm at the University of Arizona. 

This will give others the chance to experience and learn the confidence that can be 

achieved through mastering a building material, system, or the cooperation and 

coordination skills it takes to get a project built.
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I owe much to my understanding of the profession of architecture and the actual 

creation of architecture to the design/build process. Therefore, the perpetuation of 

this process is personally important to me and I believe important to the College 

Architecture at the University of Arizona. I believe that giving the students the 

opportunity to learn though building will help to solidify the design process and give 

many students an aven ue by which to understand all of the possibilities within the 

profession of architecture.



Notes:

1 1. List of goals quoted from, The Yale Building Project: A Resource 
Manual, p.42

2. Definition of faculty roles from, The Yale Building Project: A Resource 
Manual, p.12,14

3. Definition of student roles from, TheYale Building Project: A Resource 
Manual, p.18,20



Section VI

Conclusion

It can be seen from my journal, kept during the formulation and development of 

the Paper Bale Project, that the development of a design/build curriculum for the 

College of Architecture at University of Arizona has not always been the goal of my 

Master’s work. The project that I attempted was based loosely on my desire to 

build. This project allowed me to see the educational benefits that design/build has 

to offer. The relationships that formed during this process gave me an insight into 

the developing program at the University of Arizona. After experiencing and seeing 

the problems that can occur during a design/build project, I became concerned with 

the continuing development and use of the design/build paradigm as an educational 

tool. It is my hope that this research and writing can help in the development of a 

thorough and well-thought-out design/build curriculum. I believe that the integration 

of design/build into the existing design curriculum will bring about a strong program 

that can give students a well-rounded and meaningful education. I feel my 

education has been furthered through participating in design/ build projects. It is my 

desire to ensure that other students have the opportunity to gain the same level of 

confidence with respect to materials, building details and management skills that I 

have gained through the paradigm of design/build.

Section II described how other design/build programs deal with the many 

possible levels of student involvement within the realm of project implementation
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and the realm of greater societal concerns. These concerns range from the 

development of relationships with the materials that are used in the realization of 

architectural designs to the social concerns of creating place and space for the 

people and communities that cannot afford professional design services. The 

actual goals of a design/build program at the University of Arizona need to be 

delineated to advance the curriculum. By understanding what is to be achieved in a 

design/build experience, faculty and students have the means by which to evaluate 

the project’s performance and their achievements within the larger context of 

academia.

The bulk of my research on design/build as an educational paradigm occurred 

during the formulation and execution of the Paper Bale Project. The Paper Bale 

Project has had a visibly broader impact then any traditional design problem that I 

have participated in. It has given a large number of students the experience of 

learning through making; it has given those interested in alternative building 

materials another source from which to further their environmentally motivated 

research; and it has given the developing design/build program at the University of 

Arizona another case study from which to base a codified curriculum. If design/build 

is to become a valid and coherent method of education, now is the time for the 

faculty and administration to create a design/build curriculum. The case studies that 

have been implemented and the analyses of other programs, as have been 

presented in this report, will give a curriculum committee a solid basis from which to

make decisions.
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In Section V I proposed that design/build be instituted as a one or two 

semester option during a student’s education at the University of Arizona. This 

should produce benefits not available under the traditional design paradigm. The 

breadth of understanding of materiality and the complexity of the construction 

process, that is affirmed through the design/build process, allows the students a 

more complete understanding of Architecture. It is my belief and personal 

experience that this measure of reality gives student work a level of complexity and 

refinement that can only be achieved through an understanding of materiality and 

project implementation. Projects that have been completed should be enough for 

the administration and faculty to make the decision of whether or not design/build 

should continue to be explored as an educational paradigm. If it is decided that the 

benefits of design/build do not outweigh possible risks, experimentation in using 

deign/build as a learning tool should stop. If it is determined that this paradigm is 

useful and beneficial to the students and the school, then efforts should be made to 

develop a codified design/build curriculum. To encourage further development of 

this curriculum, instating an area of concentration within the graduate curriculum 

should be considered. This will help to foster and promote interest in the 

development of a design/build program by bringing individuals that are interested in 

this paradigm as an educational tool.

I have developed an understanding of architectural detail and project 

management in the design/build projects that I have participated in, that would not 

have been possible within a traditional design studio. I have seen students grow in
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confidence with regards to their relationship to materials and other students as an 

esprit de corps develops within a design/build studio. It is my belief that these 

benefits of design/build projects are essential to the development and education of 

young architects. It has also been my observation that the administration and faculty 

of the College of Architecture at the University of Arizona desire these ends. The 

development of a design/build curriculum is not within the scope of this report. 

However, suggestions about how this process could begin are outlined. The 

research that I present in this report should give the faculty that are currently pursuing 

design/build as an educational tool or a courageous Master’s student the means to 

develop and implement a design/build curriculum.



Section VH 

Appendices
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Appendix A:
Case Study Journal, The 
Paper Bale Project

Tuesday. Jan. 20. 1998

Today we had our first meeting with the students in the Paper Bale elective. It’s a 

small crew of five including Mary and myself. The other members of the team are 

Jeff Lavey (a first year student), Lance Lewis (another graduate student), and Rich

ard Begay (a second year student). We may get a few more students to volunteer 

on work days but I believe that this small crew will have to suffice.

Wednesday Jan. 14 through Saturday Jan. 24

These first two weeks of the Paper Bale Project were hectic. I had to come up with 

a schematic design for the building that could feasibly be built on Saturdays by a 

small crew in one semester. This lead to a geometry that was fairly simple. The 

details of how the building will go together are vaguely understood by Mary and 

myself. Rebar pins will hold the bales together on a trench footer. The bales will be 

tied together and steadied by a wood collar beam and a standard shed roof will be 

carried by that collar beam. I’m sure that Much will change in this experiment as 

problems arise but at this instance it seems like we should be able to pull this off.

Friday Jan. 23.1998

Today I did the load calculations for the paper bale shed (see Appendix B). This 

was done for Wester Technologies, an engineering company that will the soils 

testing for us. After I did these calculations I called Bruce Macllroy at Western 

Technology. He told me that there should be no problem with the soils bearing 

capacity in that area but he will investigate the soils to make sure.
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Saturday Jan. 24. 1998

Jeff and I went out to the site to select the 

siting of the paper bale shed. We triangu

lated out the site with string and a tape 

measure and marked it with spray paint.

This did not work too well as the soil was 

so loose and dry. But, we still were able 

to get the initial staking done for the blue 

stake that is needed before we can break 

ground. This blue stake will make sure 

there are no public utilities buried where 

we will be digging. Dan Nelson from the 

Ag Department has already checked the 

site to make sure there are no private 

utilities or irrigation lines buried in that 

area.

Tuesday. Jan. 27. 1998

The blue-stake has been set in motion and Tucson Electric Power and Tucson 

Water have both signed off on the site. We are just waiting for Southwest Gas, but I 

am fairly certain there are no gas lines on site. Therefore Lance and I went out to 

the site today with the transit and staked lines and used gypsum to outlined the 

trench. I had never used a transit before but it was relatively easy. All of the lines 

and angles that you mark out are relative to the first point that you set. By using the 

angles of the transit 90° angles be easily established.

The laying out of the footer on the ground full size gave me a real sense of what the 

building may be like fully built. This is truly an exciting felling, to know that I will build 

a building.
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Wednesday. Jan. 28.1998

Jeff Lavey and myself went to get wood from Tucson Roll Off today. I found out that it 

is actually Arizona Organic Products that supplies the reclaimed lumber. It is mainly 

taken from job sites and manufactured housing factories. It has quite a bit of nails 

and is fairly dirty but we should be able to use it to build with. It will just take a longer 

to clean it up. We used Mary’s truck to transport the lumber. This took about 4 

hours.

Friday. Jan. 30.1998

Today Lance and I took Mary’s truck to Arizona Organic Products and picked up 

another load of 2”x4” lumber. Therefore another 4 hour afternoon was taken up by 

picking up lumber.

Saturday. Jan. 31.1998

I had to put together some hard line drawings for Ron Underhill (the grounds ser

vices manager), Peter Ells (the ag director) and Al Tarcola (the director of facilities 

management). I have to get these drawings to them so that we can begin the con

struction process. I have bits and pieces already drawn from the design process 

but I have to assemble them into a one sheet schematic set. Rich Begay is sup

posed to have a rendering that I can put on the set by monday. I will also have to 

give Ron a hard line of the trench because he is going to be doing the backhoe 

work for us.

Monday. Feb. 2.1998

I was able to distribute the sets and we should have approval by all of the correct 

channels by the end of the week. This took about 2 and 1/2 hours of driving around, 

getting reproductions and distributing them. The schematic drawings are Appendix 

C.
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Tuesday. Feb. 3. 1998

Today Lance and I went out to Arizona Organic Products with Mary’s truck and 

picked up 10 ft. sections of flat truss that will be used to create the pitch on the shed 

roof. They were originally 20 ft. trusses but since we could not carry them in Mary’s 

truck we cut the chords at the proper splice lines so that they can be reassembled 

and used. This took about 4 hours.

Thursday. Feb. 5.1998

Thursday from here on out at 10 am will be the Paper Bale Projects standard meet

ing time. We met today and discussed the schedule that we hope to keep the rest 

of the semester. Basically mental inventory of times and dates.

Saturday. Feb. 7.1998

After the monsoon rains the survey lines that Lance and I had laid were still there but 

the gypsum marking had all been washed away. Today Becky and myself went out 

to the site with Peter and remarked the lines. This was a fun family outing that had 

to happen. If we didn’t remark the site it would have been impossible for the back- 

hoe to dig our trench monday.

Monday. Feb. 9.1998

Ron Underhill broke ground today. The trenches are all dug and we are ready to put 

in the footers.

Tuesday. Feb. 10.1998

Today l spent about 2 hours on the phone lining up the use of a flat-bed truck and all 

of the donations of rebar, rebar chairs, tie wire, and a rebar cutter and bender.

Western Technology also went out to the site. Their investigation revealed that the 

soils were suitable. The soil will take the load of the building and are not expansive.
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This means the footers will not be heaved out of the ground by soils that swelled with 

rain or moisture.

Wednesday. Feb. 11.1998

Today I picked up the flat bed and drove around picking up materials and tools. I 

delivered all of this material to the site. It took all day but we should be able to set 

the forms and rebar this weekend.

Thursday. Feb. 12.1998

The 4 inch slip forms and grade stakes were delivered on site today. I had to go out 

and help the truck driver off-load the forms. This took about 2 hours and I was 

covered in form oil and rust by the end. It went well.

Friday. Feb. 13.1998

9 cubic yards of gravel was delivered to the site today. The site is looking like a true 

construction site. I suppose that it is.

The filming crew also wanted to film some labor. Lance and I went out to the site to 

make sure the trenches were square so they were able to get some shots of us 

digging in the trenches and surveying with the transit. We also set two forms to see 

how it would go.

Saturday. Feb. 14.1998

This weekend we were able to get the forms set and leveled with the transit. A 

problem arose because we did not have the money top have the site graded before 

we began to build. This means that there were gaps under some of the forms when 

they were brought to level. We filled this gap by setting glass bottles that were 

already on site against the forms. This created a dam when backed up with dirt so
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the concrete would not undermine the forms during the pour. I am not sure this will 

work but it looks like it should.

We also filled the trenches with about 12 inches gravel for drainage and base 

stability. We had plenty of gravel but as an experiment we had decided to crush 

glass, that was on site, and use it as a drainage rubble base in one of the founda

tions for the ramada walls. The other ramada wall will have a foundation of plastic 

bales. These bales will be donated by the recycling division of Waste. These bales 

are very inexpensive and theoretically contain no embodied energy after they be

came a waste product. These experiments are being preformed on free standing 

walls in case they fail.

Monday. Feb. 16.1998

The concrete that had been donated by Tucson Ready Mix was poured today. I 

called them last friday and they said there would be no problem delivering it this 

afternoon. I had calculated the cubic yards of concrete and that was what they 

loaded when they came out. We were able to pour the foundation on the main 

building but we ended up 2 yards short on the ramada walls. The concrete company 

was kind enough to send out another truck with 3 yards. The footers were wider 

then I had calculated in certain areas. These small errors added up to 2 cubic yards 

in the end. We then screeded off the tops of the footers and set the anchor bolts. 

Rich also decided to float the tops to make them extra smooth. This all took about 5 

hours. A great experience.

The work crew taking this class for credit has expanded to six people. Today 

Siobahn Kirby (another graduate student) came on board. Lance, Siobahn, Rich, 

and myself were the members of the crew that poured and worked the concrete 

footer.

k
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Tuesday. Feb. 17. 1998

We were short about a hundred linear feet of treated 2”x6” lumber. So, today Lance 

and I went out again to Arizona Organics to scavenge enough treated to assemble 

the sill plates next week. Next monday the Rincon Vista design build class is sup

posed to come out and give us a hand with the termite shield and the sill plates.

This is because they have some down time since the university architect seems to 

be sitting on the drawings and not getting them submitted to the proper channels. I 

truly appreciate the help and I think it will help to buoy up the spirits of the design 

build class.

Wednesday. Feb. 18.1998

Today I went out to site to see how the concrete had set up. I was looking good and 

with the monsoon rains it was staying wet. I striped off one of the forms with the 

glass bottle damn and everything seemed to have worked great. The forms and the 

glass bottles stripped off easily.

Thursday. Feb. 19.1998

Meeting -1 hour - concerning the stripping of the forms this weekend. What tools 

we’ll need and how many people. It is decided that we will only need our small crew 

enrolled in the class to strip and clean the forms and move some earth.

Saturday. Feb. 21.1998

We were able to strip and clean the forms in about 7 hours today. The glass bottles 

did the job beautifully and the footers look good. The bottles left a corrugated 

looking edge that is interesting looking. The video class, that is doing the documen

tation of this project, came out today and did a bit of filming. This project seems to 

be going well.
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Monday. Feb. 23. 1998

The Rincon Vista design build class will not be coming out today, for some reason 

Rocky and Mary decided that it would be better for them to help on Wednesday. 

There is no problem with this. My schedule is relatively flexible and I can use today 

to catch up on other classes.

Today the footer forms blew out at the rammed earth site. The subcontractor that 

was hired to pour the footer also had some trouble with a vibrator, which may have 

caused some structural instability in the columns that were poured. Building can be 

a bit stressful when unforeseen problems invariably arise.

Wednesday. Feb. 25. 1998

Today was very productive. The 

Rincon Vista crew sent about 

seven people out to help and 

Gabriela (a planing graduate 

student) also came out to give a 

hand. Were able to get a large 

portion of the termite shield and 

sill plate down in about four 

hours. It is a good feeling to 

know that this project is going so 

smoothly. I have put many hours 

into these first few weeks and it seems to be paying off. I just wish we had a larger 

crew that I could depend on for more hours of work during the week.

Thursday. Feb. 26. 1998

Meeting-1 hour in Mary's office
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Friday. Feb. 27.1998

Today I picked up a flat bed from facilities management and went to Waste to pick 

up the two bales of plastic that will be used as an experimental foundation. The 

bales are 6 feet long by 4 feet high by 3 feet wide. I plan on dropping these bales 

into 3 foot holes so that they will be one foot out of the ground and have a three foot 

bearing surface. This will be done by tipping them into the hole dug by the back 

hoe. I will have to leave the truck loaded overnight and pick it up tomorrow morning, 

drive it to the site, go get the fork lift form Neff rentals, off-load the bales and then 

take back the truck. The fork lift will then be used to tip in the plastic bales and lift 

the 180 pound paper bales into place.

Saturday. Feb. 28. 1998

Today was an inspiring day for the Paper Bale Project. We worked on site for 9 

hours today and the building is beginning to take shape. We finished the sill plates, 

cut and set the banding and were able to get two and a half courses up. I was able 

to pick up of the flat be with the 

plastic bales loaded and 

returned it on time. I was also 

able to get the fork lift and drive 

it to the site. It is a huge forklift 

and it had no problem lifting the 

1.5 ton plastic bales. I had to 

move some of the metal 

contraptions that were being 

stored near the shed to get the 

plastic bales tipped into the trenches. Once the path was clear they went in without 

too much effort and when the excess trench space was back filled they were quite 

stable.
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As should be expected with any new building material, we had some problems with 

the pinning connections. The driving of grade stakes into the bale and then sliding 

in a rebar pin proved to be more 

difficult than initially anticipated.

To solve this problem we 

redesigned the pinning 

connections on site. The new 

solution was to use rebar 

staples to connect the bales 

together laterally and use 17- 

gauge tie wire to connect the 

bales together vertically. This

allows the bales to work as a net like system rather than as individual pieces.

As the term indicates, design build is a way to get hands on experience with a 

material and discover problems as well as benefits of working with different types of 

materials. Therefore I am not being discouraged by these challenges that have 

arisen during construction.

Thursday 3/5/98

-1 hour meeting

-1 hour Phone calls to get tools and materials and sending out e-mails to 

perspective volunteers.

Friday 3/6/98

Everything seems to be going smoothly. Materials and tools seem to be coming 

together and the student’s, Jean Nielson’s, and my own enthusiasm for the project 

seem to be going strong.

- 2 hours Phone calls to Home Depot to get material
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- 3 hours Tool and Material Acquisition

-1 hour of making lists of materials needed and tasks to be done on Satur

day

Saturday 3/7/98

Today was another big day for the Paper bale project. We were able to get all of the 

bales in place. Well, not all of the bales. After the fourth course the bales became 

too unstable to put a fifth course 

on top. This is due to the weight 

and the rounded edges of the 

bales.

We were still having troubles 

pinning them together and it has 

been suggested by Jeff Lavey 

that we can get a tree core 

sample cutting tool to make the 

holes needed. It has also been 

suggested by Mary Hardin that an auger be used but this does not logically work.

We have tried drilling and found that the shredded paper binds in the drill to the 

point that no progress can be made. Also the use of specialized tools, like the tree 

core sampler would make it impossible for general use of Paper Bales as a 

building material.

The solution agreed to by all the members of the design team was a 2”X10” 

discontinuous collar beam to make up for the lost height of the last course and to 

begin tieing the corners together and then a 2”X4” continuous collar beam to give 

the walls stiffness and stability.
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We had our first media exposure also today. Channel 13 and Channel 4 both did 

reports on the paper bale project today. It was aired on channel 4 on the 5 o’clock 

Saturday news and on channel 13 on the Sunday 5 o’clock and 10 o’clock news and 

on the monday 6 o’clock morning news.

This media rush was in response to Jean’s media release and publicity day that she 

planned.

- 9 hours 

Monday 3/9/98

- Phone interview with the Daily Star and phone calls to suppliers to find materials. 2 

hours

Wednesday 3/11/98

- 2 hours Photo shoot for the Daily Star article

- 6 hours Collar beam system with shed roof drawings.

Thursday 3/12/98

Today I resigned myself to the fact that I would not be able to get the 28 ft. tji 

joists to make the shed roof over this structure. Thinking that I would have an easier 

time of finding some one to donate 2”X6” I redesigned the roof system to use the 

trusses we have as a ridge beam that would carry 2 ”X6 ” rafters. If I can get Mary to 

agree that the truss system will carry that load we will build the beam this weekend.

- Drawing production 6 hours.

Friday 3/13/98

Mary called Jean and told her that we needed to get the materials so that we 

could finish the building. Jean broke down, cried, and accused me of never giving
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her a comprehensive materials list. This is true, but at the beginning of this project I 

gave her a tentative list of materials and have been altering the list as the list of 

materials has changed. I have made a complete list of material for the rest of the 

project and I gave a copy to Jean, Mary, and kept one for myself.

I also had to borrow Felicities bicycle and ride out to the rammed earth site a 

get Mary’s truck to pick up 15 sheets of OSB from the Irvington Home Depot.

- 2 hours List of materials

- 2 hours drawing production

- 3 hours Picking up OSB

Saturday 3/14/98

Mary agreed with the redesign of the roof system.

The four courses of bales that we have put up seem to have expanded and 

then settled into place. This has made the walls much more stable. I think that they 

expanded due to the fact that they are no longer in compressed stacks. This com

pression was needed for the storage and transport of the bales.

This is the first weekend 

of spring break. But, we were 

still able to get Mary, Lance,

Siobahn, and myself out to the 

site and assemble the 31 foot 

truss that will be used as a ridge 

beam in the redesigned roof 

system. I found it incredible how 

well the small trusses went 

together into a 31 foot truss 

beam. This beam will actually only span about 21 feet so the consensus is that it will 

be no problem since the original trusses were designed to span 20 feet. And we 

added another top and bottom chord with bolt tension connections on the bottom
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chord.

KGUN 9 came out this weekend and took some video for a news story on 

this project on tonight’s 5 o’clock news.

- 9 hours of work

Thursday 3/19/98

-1 hour Jean called and talked about material for about an hour.

Saturday 3/21/98

The second Saturday of spring break. I worked by myself from Sam to 10am. Rich 

showed up at about 10am and then we worked until 12:30 pm. We were able to get 

four parts of the top 2”X4” collar beam assembled. It was a fairly relaxed day as 

spring break should be.

Monday 3/23/98

I just realized that I haven’t been keeping records of the tools that I have borrowed 

and returned from facilities management and other people.

We have used and returned: 24 inch bar chain saw, 1 rebar cutter and bender, 1 tin 

snip, 1 caulk gun, 1 flat bed truck, 1 wire cutter, 1 pliers, 2 hammers.

We have borrowed and not yet returned: 4 sledge hammers, 2 100 foot extension 

chords, 1 100 foot measuring tape, and 1 caulk gun.

From the rammed earth project we have borrowed and returned: 2 wheel barrows, 

the transit, tripod, story pole, and 2 ramming rods to break the glass into cullet.

From Mark Perry we have borrowed and not returned: 1 skill saw, 1 shovel, and 2 

100 foot tapes.
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I believe this is a comprehensive, not taking into account the tools the volunteers 

bring. Such as hammers, pliers, speed squares, and chalk lines

Wednesday. March 25.1998

Picking up materials is such a labor intensive endeavor. Today I spent six hours 

picking up and delivering O.S.B. and windows to the site. I would love to have a 

budget and work crew.

We had a wall fall over in the high winds today, not what I needed to see after six 

hours of material acquisition.

Thursday. March 26.1998

Today in the weakly Paper Bale Project meeting we discussed and agreed upon the 

use of straw bales to get the height that we need for the tractor to fit into the shed. 

This combining of materials is a bit disheartening but we are just trying to get the 

damn thing built. There have been so many holdups and blockades in the road, we 

need a couple of smooth days that produce results.

Friday. March 27.1998

Phone calls: Two hours trying to find free straw bales

y Saturday. March 28.1998

\ Damage control on the overturned bales was the first thing on the agenda for today.

* After replacing the wall that was knocked over by high winds we discovered the

* bales had settled and were much more stabile then they had been. Mary and I 

decided that the crew would try to put another course of bales on the wall to see how 

it behaved. We did this, with much heaving and grunting, and discovered that it was

\ stabile and gave us the height that we needed.

»
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There will now be no need for the double collar beam or the course of straw bales.

A single continuous collar beam will now do the trick. This means that a bit of time 

was wasted on creating the 2”x4” collar beam, but the resultant product will be much 

more structurally sound.

Thursday. April 2.1998

Today Lance, Mary, Siobahn, Rich and myself decided to work further on building 

the 2”x10” collar beam that is needed to tie the Paper Bale structure together.

When we got to the site we discovered that the stucco had been delivered in the 

rain and was not well covered. This means that a couple of the bags are trashed. I 

guess that you can’t complain when you are getting everything donated for a project. 

We worked for three hours on building the collar beam and finished quite a bit of it.

Saturday. April 4.1998

Today was another 9 hour work day. We finished building and put the collar beam 

in place. Randy was the only volunteer that showed up today so the work crew was 

a bit thin. But, if there had been more people they would have been standing around 

waiting for things to do. We were able to place the sections and nail them together 

without much problem. The walls were easily pushed into the correct position under 

the collar beam. There was surprising little skewing of the collar beam and it was 

relatively square, compared with the relatively organic looking walls the bales pro

duce.

Lance also interviewed me today, on video, for a video production class he is 

taking.

Monday. April 6.1998

I had a conference with Jean to tell her that we needed portland cement and clay for
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the rammed earth floor, and joist hangers to frame the roof this weekend. She had 

no problem getting the joist hangers but the cement and clay will take some time. 

This is fine, we will need the hangers this weekend but we won’t need the cement 

and clay for a while.

Tuesday. April 7.1998

Phone calls: Stewart Building and Roofing - donating metal ridge cap 

Truely Nolan - soil pretreat

Saturday. April 11.1998

This workday was a great 

success with the help of our 

volunteers, Randy, April, Brian,

Alicia, and others.

We were able to pin the collar 

beam to the bales, cap the 

collar beam with osb (to give it 

strength and rigidity), and strap 

the collar beam to the wall with 

the poly propylene straps that we had placed under the sill plate during its installa

tion. After the collar beam was secure we were able to place the rafters. This was a 

fast and rewarding process. Having the skeleton of the roofing system on gives the 

building quite a bit of definition. Work days like this where the building begins to 

take shape makes all of the petty tasks, like obtaining materials and tools, worth 

while

Monday. April 13.1998

Phone calls: 1.5 Hours
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Wednesday. April 15. 1998

Phone calls: 1 hour.

Thursday. April 16.1998

Meeting: 1 hour.

Friday. April 17.1998

I spent all day picking up sheathing, metal roofing, and tools that will be needed to 

roof tomorrow. Mary was kind enough to let me use her truck again.

Saturday. April 18.1998

Another work day for the Paper 

Bale Project. Today Randy,

April, Brian, Alicia, Kelly Angel 

and her boyfriend were the 

volunteers that showed up. With 

all of the hands working it was 

easy to get almost all of the 

sheathing, corrugated fiber

glass, and the facia on today.

The shears that were borrowed from Mark Perry cut the corrugated fiberglass with 

out much of a problem. We were also able to dig the hole where the tractor entry 

apron will be poured.

When laying down OSB sheathing the most important sheet is the first sheet. If this 

sheet is not square the rest of the sheets will all be askew. We only had to pull up 

three sheets but that was more than enough for me to learn that it pays to measure 

the whole roof line from the first sheet to make sure it is true.
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Thursday. April 23.1998

Today started off as any other thursday in the life of the Paper Bale Project. We met 

in Mary’s office for an hour to talk about what the next step was to be. It was agreed 

that we needed to get the apron poured for the doorway of the garage. Lance and I 

decided that we could do this today. We calculated that we needed about 1 cubic 

yard to fill the apron area. This was the correct calculation but we were working 

under the assumption that one 90 lb. bag of Quickcrete was 1/3 of a cubic yard 

when it is really 1/3 of a cubic foot. It would not do our actions justice to say that we 

had to scramble to get the materials to finish the apron before the first three bags of 

Quickcrete set up. We did not want to create a cold joint between the two pours so 

we used some glass reinforced Portland (that was supposed to be used for stucco) 

and the gravel and sand that we had left over from the foundation pour. Our mix was 

pretty wet to get even coverage so I’m not sure of the psi of the concrete, but I am 

fairly certain that it will hold up.

Saturday. April 25.1998

This morning John Ruiz came out for an hour and a half and explained the basic 

concepts of plastering and wall preparation. The first thing that he explained was 

the concept that stucco must end in a thickness. It needs to stop against a blocking 

or stop against a metal trim strip called J-strip. He walked around the building and 

explained how different conditions would be detailed. These details can be seen 

below.

In dealing with the exterior walls he suggested that we cover as much of the wood as 

possible with stucco, for maintenance purposes. All wood that is going to have 

plaster in direct contact must be covered ion some kind of impermeable paper.

John suggested double role Jumbo Tex. After the papering has been done, it is 

time to start putting on the expanded metal lath. Lath is to be put anywhere strength 

is desired. At corners and between all discontinuous materials. The corners are to
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use 24" expanded metal lath and 12" 

can be used between the collar beam 

and the bales. This metal lath can be 

connected to the bales with 6 inch tile 

nails. I am not positive what these nails 

are and I will have to call John on this 

material. I believe that 60 penny nails 

would provide the same connections 

and a 50 pound box of these nails is 

only 20 dollars at Home Depot. It is 

important to stuff paper in any voids 

behind the metal. Lath so that the 

plaster will not blow through and sag off 

the wall. This will take more stucco and 

more time.

2"X 10 " Nonv:~*~

J -S to p  (S tucco  S top)

S tucco

— - f r

After the lath is in place the stucco net , > v

is to be stretched across the lath and all 

faces of the building. This will get 

paper stuffed behind it to make a flat 

surface. This net is to be tied to the 

metal lath with tie wire and also tied to the straps on the bales. The lath is to be 

nailed to any wood with galvanized roofing nails every six inches or it can be stapled 

every inch on center. The idea is to get a good connection. After the net is 

stretched tightly it can be tied to the net on the other side of the wall to make it 

tighter and to bring it in closer to the bales. The final step is to twist the stucco net 

for a final tightening. The walls should then be ready to have stucco sprayed on 

them.
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John said he will be happy to come out 

and look at our stucco wall preparation 

anytime. His phone number is 881- 

2017.

The work completed this Saturday was 

the completion of the OSB sheathing 

on the roof, the fascia boards, the 

clearing of excess paper from the door 

openings, the installation of the win

dows, and the placement of felt paper, 

tarps, and 80 percent of the metal 

roofing. The tents that we had used as 

tarps are now implemented as a sec

ondary roof membrane. Brian, Alicia,

Tate, Randy, and April were the volunteers that came out to help on the roof.

Tuesday. April 28.1998

Lance is using the Paper Bale Project as the subject for a documentary that he is 

doing for a multimedia video class. Today he received the footage that the Media 

Arts crew, directed by Jared Petty, has been shooting for their own documentary. 

Lance seemed a bit concerned about the footage that had been taken. There was 

little footage and the usable portions seemed short and far between. Therefore I am 

not counting on their work as an integral piece of documentation for this project. In 

the beginning I had hoped it might be a good piece to show others what the project 

was about but at this time it is my understanding that I should not.
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Thursday. April 30.1998

In our one hour meeting today all of the students from the Paper Bale Project class 

got together and decided the days that we could work the rest of this semester. It 

was decided that May 1st Mary, Siobahn, and myself would work in the afternoon. 

Saturday May 9th, everyone would work and on Saturday May 16th Everyone but 

Rich would be willing to work. It was decided that work during the week would be 

played by ear.

Friday Mav 1.1998

I calculated and made a list of all the materials that are going to be needed to 

stucco the paper bale structure. I believe the length of this list will stress Jean 

Nielson as when I informed her that I had a list the first words from her mouth were, “ 

Well, I have no money left.” I was successful at cutting her off and giving her the list 

of materials that we would need. I have become a bit weary of tracking down mate

rials when that wasn’t in the original agreement. I have done more than my share of 

begging for materiels and picking them up to keep this project going forward. The 

original agreement was that Mary Hardin, and myself would direct a crew of volun

teer workers to help design and build an experimental structure of Paper Bales. I 

have not minded taking on more responsibility than originally was agreed upon.

But, when there are major building materials needed she needs to come up to the 

plate. I do not have the resources to obtain these materials. Jean will have to get 

these materials or the project will go no further.

Lance and I were going to go to Tucson Roll Off and Recycling today and salvage 

wood for the ramada. I have developed a working relationship with Harry at this 

center and tried calling him early this morning. When I called I was informed that 

Harry had been fired. I was a bit dismayed at this turn of events and thought that I 

would just have to shake a few more hands when I got to salvage yard and then pick 

and load the lumber that we needed. After tracking down the correct person to talk
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to (Fred) he told me that he no longer would give us any donations because he was 

not receiving proper publicity. It wasn’t in these exact terms but the idea he con

veyed was that the Paper Bale Project was on the news and his business did not 

get mentioned in any of the articles or broadcasts. I do not have personal control 

over this matter so I deferred the responsibility of solving this problem to Jean.

Materials for stuccoing Paper Bale Building May 1,1998
Expanded metal lath-
Corners-
56 pieces / 24 inches wide /5  ft. long (preferable) 
or
28 pieces / 24 inches wide /1 0  ft. long 
Connection between collar beam and bales- 
22 pieces /1 2  inches wide /10  ft. long (preferable) 
or
220 linear ft.
Door connection-
8 pieces /12  inches wide /5  ft. long (preferable) 
or
4 pieces / 24 inches wide /1 0  ft. long
Windows-
3 pieces /1 2  inches wide /5  ft. long
9 pieces / 24 inches w ide /5  ft. long 
Ramada seat-
3 pieces / 24 inches wide /1 0  ft. long

Ideal total of expanded metal lath-
22 pieces /1 2  inches wide /1 0  ft. long 
11 pieces /1 2  inches wide / 5 ft. long 
3 pieces / 24 inches wide /1 0  ft. long

J-strip total
V2” to 1" galvanized j-strip for stucco applications-
320 linear ft. (32 pieces / 10')
220 linear ft. (22 pieces /10 ')

Stucco net-
Needed- 3,000 square feet"
Have- 800 square feet
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Paper to cover wood-
double roles of Jumbo Tex...- 3 pieces

Floor-
90 pound bags of Portland cement- 6 pieces 
Clay- to be picked up from Grant Materials.

Sand-
Yards or pounds needed-7 yards 
Type of sand needed- mason sand

Nails-
50 pound box of 6" tile nails 
15 pounds of 8d galvanized 
20 pounds of 16d vinyl coated sinkers 
5 pounds of 8d vinyl coated sinkers
50 pound box of one and a half inch galvanized roofing nails or 25 pounds (which 
ever is cheaper)

Other materials needed-
2 sheets 1/2 inch CDX and 3 sheets 1/2 inch OSB

Saturday Mav 2.1998

Lets start with the most interesting thing that happened today and then address the 

other issues addressed. The metal roof of the shed is electrified. There are high 

tension power lines about 40 feet from the top of the roof and when the entire roof 

was completed we notice small electric shocks coming from the roof when the 

aluminum ladder touched the metal roofing. Siobahn, was the first to notice this and 

was shocked when she was climbing onto the roof. This electric shock seems to 

carry the punch of about 15 volts. I will have to take a voltmeter out to the site next 

weekend to test exactly the volts that are going through the roof. We will also have 

to come up with a grounding system or insulate the wires somehow to prevent any 

problems that may occur from this charge. The charge seems to be created by an 

electromagnetic field that is leaching off electricity from the wires through the air.
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That was the interesting, now for the mundane. The decision to reinforce the ridge 

beam and to add a post was made and also the decision to attempt to shore up the 

sagging collar beam was also made. We will use 1 and 1/2 inch diameter pipe 

posts as the supports on small foundations next to the wall to raise and support the 

collar beam from moving under torsional stress. These will be concealed by stucco 

when the wall is finished.

Mary, Siobahn and myself spent 3 and 1/2 hours finishing the metal roof and the box 

beam on the closest ramada wall today.

Monday Mav 4. 1998

Where I am and where I have been.

I just realized I have been neglecting the recording of my thesis progression. I will 

attempt to recall the progression of my thesis work to this point. I will attempt to 

remember the first three months of graduate school and the Thought evolution that 

occurred during the construction of the Paper Bale Project and how this all has 

brought me to this point.

When I first came to the University of Arizona I was grasping for ideas of what my 

thesis could be about. I had been infatuated with the industrial aesthetic as an 

under-grad so the investigation of the idea of industrial tectonics seemed to be a 

step in the right direction. I latched on to the buzz word of tectonics without fully 

realizing the body of theory that went along with this vague idea of materiality. The 

more I began to learn about tectonics the more I understood my interest was merely 

an enthusiasm for the avant garde. I became disillusioned with the idea of studying 

and expanding upon this body of knowledge as I was forced to investigate and 

outline what my course of study would be in Brooks Jeffrey’s Research Methodology 

class.
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Within a month of my arrival I was presented with a memo from Jean Nielsen. This 

memo presented the opportunity to experiment with, design, and build a structure 

with paper bales. The idea of experimenting with a new material, and actually 

getting out on a site and building appealed to me. I agreed to take on the task of 

designing and organizing the work crew, with the help of Associate professor Mary 

Hardin, to build a small storage shed. I did not realize it at the time but this decision 

opened the door and allowed me to walk into the community of alternative material 

builders and design builders.

My investigation into this material naturally lead into the possibility of a technical 

thesis dealing with paper bales as a structural material. After reviewing Bou-Ali’s 

work on straw bales I was convinced that I would be able to do a similar technical 

type of thesis dealing with paper bales and their structural and insulative properties. 

After designing and building a small 600 square foot structure over the last three 

months I have become convinced that paper bales are not a great structural. They 

are much to heavy and have a great amount of deformation when they are loaded. 

During this process of building the direction of my thesis necessarily changed. I 

was exposed to the world of organizing and managing a design build project. While 

building this project I saw the confidence and pride that was instilled in myself and 

other students as we made an idea reality. This lead me desire to expand the body 

of knowledge about the use of design build as an educational tool.

During this semester I have also taken Fred Matters class of Critical Regionalism 

that is an in depth survey covering critical theory and the theories that are being 

criticized such as: modernism, post-modernism, deconstructivism, and neo-tradi

tionalism. All of the ism’s of the last 100 years were covered and analyzed from a 

critical view point. The question of “where do we go now?” was the big theme in 

this class. The answer was of course critical regionalism, but it took many forms.
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The idea of critical theory impressed deeply upon me and my design build case 

study of a paper bale structure took on a new perspective. My focus on this project 

was to look at an experiment in the processes of design build in architectural educa

tion and what this action was a criticism of. How is design build a reaction against 

the architectural education system?

Monday Mav 4.1998

As of today the goals of my thesis work are as follows-

Design Build in Architectural Education

Design build is becoming popular in architectural education. To understand the 

phenomenon of design build, a clear outline of the goals of architectural education 

must be defined. Then, by analyzing how design build responds to these goals, an 

understanding of why this type of architectural education is becoming so prevalent 

will be revealed. This response will be ascertained through two first hand case 

studies and information from other credible sources.

Hypothesis- <

Design build is a resistance to architectural education as it is currently imple

mented. This movement resists the educational system which evolved from the 

Beaux Arts education system. This education system had its claim to specialization 

of knowledge limited primarily to architectural aesthetics. This was an attempt to 

make architecture a polite profession and these ideals have been maintained in 

many ways through the modern and post- modern world of architecture. As we are 

moving into the new millennium there are many question to be answered and resis

tance to the status quo (thoughtless maintenance of a system through unquestioning 

reproduction) is increasing as it approaches. In this Post- modern world Architects 

along with the rest of America have lost their sense of place and with it their sense 

of self and relationship to their work. Design build is a way to resist this lost of
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reality and get in touch with the art of building, further defining for each individual 

what it takes to make space and place.

The recreation of an educational system. The creative nucleus that provides life to 

the profession of architecture.

Friday Mav 8.1998

Today there was another small break through for the paper bale shed. Dave Fossey 

with the agriculture department volunteered to cut plate steel to reinforce the collar 

beam and also volunteered hydraulic jacks to help out with the job. Hats off to the 

AG department for stepping up to the plate when we needed them.

Saturday Mav 9.1998

We all took a break.

Friday Mav 15 1998

I have finished the 48 hour marathon of grading Architecture History exams. A long 

essay exam that was trying to get finished . Today I was able to begin devoting 

some time back into the PBP.

I spent three hours on the phone with Lance, Rich, Mary, Peter Else, Dave Fossey, 

Dalco, Jean, Ron Underhill, and TER The main information gathered from these 

phone calls was the fact that the metal roof was going to have to go. This is a bit 

disappointing, I liked the way the corrugated metal looked on the building. The one 

good thing is that it sounds as if the department of agriculture will pay for the re

moval of the roof.

Saturday Mav 16.1998

Today Jeff Siobahn Lance and I were supposed to go out to the site and remove all
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of the construction trash from the site and clean up the Quonset hut. Jeff and 

Siobhan were not able to go, so it was to be lance and I that were going to clean up 

the site. We had the place cleaned up by 1:00 and took off. Lance and I seam to 

be able to get a lot of work done in a short period of time.

Monday Mav 18.1998

I talked to Peter Else again today. He sounded apologetic and assumed responsi

bility for the siting of the building. It was not really anyone’s fault, but he was the one 

that picked the site and requested a metal roof. He not only volunteered to remove 

the metal roof but also volunteered to put on the new roof and provide the doors that 

we have been having such a hard time finding. Thank you Peter.

Thursday Mav 21. 1998

This will be the last official entry of the semester and there will not be another until 

we resume work during the first summer session. The journal entries after this will 

pertain only to work days. All calls (which I am sure there will be many) will be con

sidered as day to day activities that are too mundane to be recorded. This is a note 

to remind anyone reading this that the daily tasks of calling material providers, 

laborers, and gathering the tools that will be needed to complete the scheduled 

tasks is arduous and not to be taken lightly. The completion of those tasks is what 

allows a project to go forward.

There was final meeting of the year with Mary, Jean, and myself today. Dick 

Ebeltouft and Mark Perry also were present at the meeting. Mainly this meeting 

dealt with reassuring Jean that we were going to work on the building over the 

summer and the lateral load testing that Dick wants to do on the structure. Mark 

Perry volunteered all of the materials we would need to do the testing and Dick 

volunteered his number crunching expertise. All went well except for and article that 

Jean distributed for us to peruse. It was so bad that I had a hard time understanding
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the purpose of the artic le. I will have to pawn the revisions off on Mary. I don’t think 

Jean will take criticism very well from a man younger than her youngest child. Poor 

women.

Summer 1998

This summer was fairly unproductive. Mary 

and I went out to the site a couple of times and 

leveled the floor in the shed to prepare for the 

termite pretreatment which was donated by 

Truely Nolan. I also did the drawings for the 

steel plates that were needed to mend the 

splice joints in the collar beam and got the 

steel cut by the agriculture welders. The Ag 

department was also kind enough to let Mary 

and myself use their metal shop and some of 

the steel in their scrap yard to make the steel 

columns needed to resist torsional forces from 

the bales compressing and the bearing of the

THE UNIVERSITY OP ARIZONA.

Facilities Management 8  the 
College o f Architecture In Partnership 
with the Following Tucson Businesses: ,

Out On Bale 
. Southwest Gas 

Chateau Parma Phm 
Tucson Rott Oft 
Anzona Ortgenic Products 
Tucson Reedy Mix, fnc.
Smith Pipe &> Steel Co.
Southwest Stm t & Supply 
Sen Xa vmr Rock & Ataienate 
Bros* Forming Supply, Inc.

City of Tucson
Home Depot
Cetioxis Desert Builders 
Carlson Systems HHW 
Hoff Rentals
University Termite <S Pest Control 

i J I S S S S U  effort -  a

" r s s e a i s s s '
an experfment to 

wnatiw materials construction. ^

>

roof joists. Mark Perry showed my howto use

a cutting torch and also instructed me on howto weld the pipe columns together. I 

discovered that I really enjoyed welding and I became proficient fairly quickly with 

the MIG wire welder. Using the welder I used about 35 pounds of carbon dioxide 

gas and the voltage and wire feed speed varied with how fast I could weld and the 

depth of the weld that I wanted. When cutting % inch steel the formula on the cutting 

torch is as follows. You only crack the tank of the acetylene 1/2 turn while the oxygen 

you open full wide. Then, you turn the regulators on to 5-7 pounds of acetylene and 

30-40 pounds of oxygen. Then on the torch you open the acetylene, light, and then 

open the oxygen until you get a clean flame. Then you preheat the steel with this 

flame and use the oxygen release to make the cut.
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There was also a little bit of 

organization and planing in 

regards to how we were going 

to finish the paper bale shed 

and the direction in which my 

thesis was going. Mainly I just 

worked for TL Roof as a cost 

estimator. This was great 

experience and the contacts that 

I made with the subcontractors 

of Tucson should make it easier 

when it comes to getting dona

tions to finish the shed.

Fall 1998

Well, Mary and I got it into our 

minds that we were going to 

finish this project in 3-4 week but we didn’t 

count on the amount of work there was ahead 

of us. This is why I didn’t keep a detailed 

journal. I now regret this action but I will at

tempt to outline the effort that we put fourth this 

semester.

This semester Mary ran another independent 

study class with the focus getting the Paper 

Bale Project finished and working on the 

Balboa Heights Community center project and
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the Gila Reservation Rammed Earth project. 

We had two people sign up for the class, 

Randy Huggins and Cecilia Rivero. I was 

disappointed with the small turn out but with 

the help of Natasha Winick, Mary’s research 

assistant, we had high hopes for finishing 

the shed in a short amount of time. This 

team was quickly reduces when Cecilia 

dropped out of school due to her mothers 

failing health.

At the first meeting of the semester we laid 

out the tasks that were ahead of us. Rein

forcing the collar beam, digging footers for 

the pipe columns, setting the pipe columns, 

finishing the collar beams on the ramada, 

setting the 2”X2” cross pieces on the 

ramada, shoveling a gravel base for the 

floor, lining up the termite pre treatment, 

creating a rammed earth floor with the 

Wacker tamper that I begged form the 

agriculture facilities management and the 

mixing equipment from the Rincon Vista 

project, assembling jambs and installing the 

doors obtained from the school of agricul

ture, putting upthej-stop, lath, and net for 

the stucco application, doing the lateral load 

testing that Dick Ebeltought wanted to do, 

and getting all of the material together for
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the stucco applicators to spray 

unto the building, and then paint 

seal all of the wood with 

Thompson’s water seal.

We were ambitious and laid out 

a tight schedule without knowing 

how many hours each of the 

tasks would take. The schedule 

would be that we worked 

Wednesday and friday from 9am 

till noon. This changed over the 

semester, when we realized the 

amount of work that it takes to 

lath a building to Sam till noon. 

Some days we even worked 

until 4 or 5 PM. We still were not 

able to completely finish the 

project. At the end of the se

mester the only things that were 

left to do was to have the stucco 

applicators finish applying the 

stucco and sealing the wood.

It has been a trying experience 

but this project has given me 

true insight into the process of 

putting a building into the 

ground. There will be set backs

' = - - ~



and the work will always take longer than estimated when members of your con

struction crew are learning. I believe that it is good to have an optimistic viewpoint 

when scheduling work but also have a buffer of time in which you can finish the work 

that you have started. If nothing else this project should be and example of time 

estimation in student built projects and how time should be addressed. (Or not as 

the case may be).

Despite all the set backs this project will be completed. It has been a good case 

study as an application of design build in architectural education. The small amount 

of people working on this project has given me the unique opportunity to have first 

hand reactions to the design build process. The reaction has been overwhelmingly 

positive, even with this experimental structure.
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Appendix B:
Building Load Calculations for 
Paper Bale Building
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Appendix C:
Lateral Load Testing of 
Paper Bale Walls
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The load testing results are on 

page VI-41. The lateral loading 

study that was done on the walls of 

the Paper Bale Project were 

performed under conservative 

conditions. The walls tested were 

not stuccoed and carried a full roof 

load. When these walls are stuc

coed, their ability to resist lateral 

loads will increase greatly. When 

the walls are stuccoed on both 

sides they will essentially become 

stress-skin panels. These calcula

tions show that an unstuccoed wall 

can be subjected to almost three 

times the code design wind forces 

before any significant deflection 

occurs. This ability to resist high 

lateral loads is most likely due to 

the materials large width.
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l^TE R AL LOAD TESTING OF THE PAPER BALE BUILDING

area in2
Size of Cylinder 1.00 inch diameter 0.785398163
Size of Loading Surface 4.00 square feet 144
Size of Pipe 2.00 inch o.d. 3.141592654
Height of Testing Apparatus 42.00 inches abo\e ground
Length of Testing Apparatus 21.00 feet
Height of Wall 8.00 feet
Pipe 1 Length 137.00 inches
Pipe 2 Length 103.00 inches
Cylinder Length 8.63 inches
Total Length of Testing Apparatus 20.72 inches

trial psi
deflection in 
north wall

deflection in 
south wall

deflection 
5" above force

deflection 5" 
below force

deflection 5" to the 
side of the force

cylinder
length

start tare 
values 18.00 7.75 10.25 2.75 1.50 1.25 8,63

1 182.00 0.00 0.00 0.00 0.00 0.00 0.00
2 282.00 0.13 0.00 0.00 0.13 0.06 0.13
3 382.00 0.19 0.00 0.00 0.13 0.13 0.69
4 582.00 0.25 0.31 0.00 0.25 0.19 1.31
5 982.00 0.31 0.63 0.31 0.63 0.38 2.88
6 1342.00 0.75 0.69 0.56 0.81 0.63 4.25
7 0.00 0.56 0.25 0.25 0.44 0.31 0.88

Minimum wind load design value from 1997 UBC.
P—Ce Cq qs !w exposure c

Ce 1.06

Cq 1.7

qs 14.5 psf

lw 1

P= _______26.13 psf

trial psf

x defection 
value in L/x 
equation

1 35.74 192000
2 55.37 1536
3 75.01 279
4 114.28 146
5 192.82 67
6 263.50 45
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Appendix D:
Design Drawings Schematic 
and Development

20 gauge corrugated
galvanized on 15 pound- 
fe lt

1" fascia board

wood shim

2"x U" collar beam

1"x 1" nailer

#4 rebar

V'x 2" firing strip stucco finish on chicken wire

20 gauge corrugated 
galvanized all courses attached together 

with steel banding threaded 
under sill plate

firs t course of bales attachea 
to sill plate with steel 
banding

V'x 1" nailer

2"x U" sill plate
6" rammed earth floor

virgin soil

pea gravel

1/2" anchor bolts

18"x 12" trench footer

#4 rebar tied with tie 
wire

— U

Typical Wall Section



This footer will hive no 
stem w ill ind will be used 
for compression testing of 
the w ill system The will 
built on this footer will be 
removed lugusl 91 end the 
footer will be covered

An esperimentil plastic bile footer ind 
ramida seating

loor Plan and Sill Plates
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£>>. M0Ae>i^



Collar Beam Isometric
(Shed Roof Configuration)



Collar Beam and Roof Assembly
(Gable Roof, Double Collar Beam)
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- 2 x 1 0  Fascia

- 2 x 1 0  Fascia

2 X 10 Fascii

2 x 10 Facia

- 2 x 1 0  Fascia

2 x 10 fascia
NOTE: RAFTERS ARE 2 x 6 
NOMINAL PINE

ROOF FRAMING PLAN
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Use field measurmenfs to get lengths.
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Collar Beam and Roof Assembly
(Gable Roof, Single Collar Beam)



Collar Beam and Roof Assembly
(Gable Roof, Single Collar Beam)
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Electrical Plan
(Drawn by Agricu lture School Electrical Engineer)

V
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REVISIONS

ZONE REV DESCRIPTION Steel plate for collar beam Date 5 /1 8 APPROVED

COLLAR BEAM SPLICE LINE

HOLES TO BE DRILLED 
3 /A "  DIAMETER

BOLTS WILL BE 3 /4 "  
DIAMETER STANDARD 
CARRIAGE BOLTS A 
MINIMUM OF 2.5 INCHES IN 
LENGTH.

l//h'8‘1

Steel Plate Reinforcina

-

Paper Bale P ro je c t

NOTE: Steel is to be 3 /1 6 " plate. The I
fabricator will cut and drill the steel plates.

SIZE FSCM NO. DWG NO. REV

1 1 i
(To Reinforce Collar Beam) Scale 1 = 1  Sheet 1
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Appendix E:
Farm Services Agreement

The University of Arizona 
Agricultural Experiment Station 

F A R M  SERVICES AGREE1VTFNT1 ^ _
Accession No 2_____ /  '7' /  ̂  ________

D E P A R TM E N T(s): Facilities Management, Arizona Resource Exchange____________________

P RO JE CT T IT L E 2 _______ FIE L D  RESEARCH AGRICULTURE S'Tp p q p t  BUILDING____________________________

O B JE C TIV E S : Design and build an. experimental enclosed structure using recycled

mmpr hales. (shredded paper bales)

THIS FORM MUST BE 
TYPED BEFORE 

SUBMITTING. 
THANKS.

PERSO NN EL: 1. Professional Marv Hardin Architecture College _______
Dr. Anir Maleck Civil Engineering College

2 Technical Matts Myhraan Out On Rale
Jean M. Nielsen Facilities Management

F U N D IN G : ______  Farm Account# n / a__________ Amount S - 0 -

______  Project Account # __________________ Amount $ _____________________

LO C A T IO N : Station: wcac__________________ Location &  Acreage: 1000 Square foot site at _
southern portion of WCAC

D O  T H E  A C T IV IT IE S  O F T H IS  PR O JE C T R E Q U IR E  A P P R O V A L BY T H E  ENSTTTUTIC L 
B IO S A F E T Y  C O M M IT T E E ? _____ YES __ NO

DATE O F P L A N T IN G  O R  IN IT IA T IO N : 9/15/97 APPROX. C O M P L E TIO N  DATE: 6/30/2001
P R O C E D U R E  A N D  M A T E R IA L S : (Give details, including experimental design. Use and attach additional pages if needed)

1) Construction design must be approved by Resident Director before construction can begin.

2) Construction must be completed in a timely manner, see attached addendum.

3) All stipulations in the attached addendum apply.

1 Agreement must be completed in full and signed, at least annually, before work can be initiated .’Assigned by the Dean’s Office
'M ust correspond to approved project, demonstration or teaching plan on file in Dean’s Office unless prior arrangements have been made with Farm
Superintendent and approved by the Dean’s Office.

APPR O VE D:

Jean M. Nielsen - /

Department Head(s),

Farm Superintendent^-/—

October 3, 1997 _______  /b/av/f?
Date -  Rqpdent Director Date

-JO/2'''
/Da*

y /  We

Dijtotor/Experiment Sta. Date

PLEASE TUR14 O VER &  F ILL  O U T CROP 
PROD. RESPO NSIB ILITY SECTION.
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Facilities Management 
B u ild ing  #49

The University of

Arizona.
Tucson  A rizon a

1331 E. 5th Street
P.O. Box 210049
Tucson. Arizona 85721-0049
(520) 621-1228
FAX (520)621-9499

October 20, 1997

M E M O R A N D U M

T O :

F R O M :

Jean Nielsen, AzRE Coordinator, Recycling Office

A1 Tareola. Director, Facilities Managemen/ K M

S U B JE C T : Field Research Agriculture Experimental Support Building

Attached please find the documents that you requested I sign. Facilities Management will 
reserve the right to review all plans and specifications and perform on-site inspections during the 
construction process.

attachment
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The U niversity of

A r iz o n a
Tucson A rizona

FARM  SERVIC ES  
A G R EEM EN T- A D D EN D U M

Tucson Area Agricultural Centers 
4101 N. Campbell Avc. 

Tucson, AZ 85719  
(520)621-3246  

FAX (520) 795-3735

The following conditions and specifications apply to the attached Farm Services Agreement:

1) DURATION OF STORAGE OF THE CONSTRUCTION MATERIALS The materials to 
be stored at the West Campus Agricultural Center (WCAC) are to be used for the construction of 
an experimental structure. The Facilities Management Department understands that they are 
responsible for submitting a construction plan for approval by the Resident Director of the Tucson 
Area Agricultural Centers (TAAC) before construction can begin. If actual construction has not 
been initiated by April 1, 1998, Facilities Management will remove and dispose o f the materials at 
their expense.

2) DURATION OF THE EXPERIMENT The experimental structure must be constructed in 
a timely manner, i.e. completed by June 30, 1998. Assuming that the structure meets the aesthetic 
and structural requirements listed below, the structure will be allowed to stand unless the TAAC 
Resident Director deems it necessary to have it removed (90 day written notice) in order to make way 
for new construction or project installation. The normal termination date is June 30, 2001. If the 
structure functions properly until June 30, 2001, the Resident Director may, at his or her discretion, 
accept it as a permanent structure, at which time all future demolition costs will become the 
responsibility o f the Resident Director.

3) RESPONSIBILITIES OF SPONSORING DEPARTMENT The Sponsoring Department 
(Facilities Management) will be responsible for construction of the experimental structure, for 
maintaining the building to meet aesthetic and structural requirements (see below), for conducting 
all experimental procedures, for demolishing the structure at the end of the experiment, and for 
disposal o f all materials associated with the experiment.

4) LOCATION The location for this project is at the southern end of the West Campus 
Agricultural Center. Tucson Area Agricultural Centers personnel will be responsible for selecting a 
site for the experimental structure.
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5) AESTHETICS If the structure becomes unsightly due to excessive cracking o f the outside 
covering, due to excessive settling o f construction members, or due to any other significant type of 
damage, early termination of the experiment will be required. The site can not be used as a storage 
site for surplus paper bales (except for 3 or 4 demonstration bales) or for surplus construction 
materials.

6) STRUCTURAL REQUIREMENTS Construction will be completed in a manner which 
maximizes stability and minimizes settling o f the bales. If the structure is deemed unsafe by the 
TAAC Maintenance Supervisor or the Risk Management Department, then early termination will be 
required. The structure will be built in a manner which minimizes flammability. Installation o f any 
utilities will be coordinated with the TAAC Maintenance Supervisor. The building will be 
constructed so that it can be secured from undesired entry.

7) DISPOSAL CONSTRUCTION MATERIALS When the experiment is terminated 
(either at its normal termination date or earlier), the sponsoring department facilities Management) 
will assume responsibility for the demolition and disposal o f the construction materials used in this 
experimental project. Disposal will be implemented in accordance with all applicable Federal, State, 
and local regulations.

Signed and agreed upon as an addendum to the attached Farm Services Agreement:

Project Leader Date

Director, Facilities Management Date

Director, Experiment Station Date

Date

t



Appendix F:
The Arizona Daily Star, 
News Paper Article
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(Hif Arizona Hailn Star
• Tucson, Monday, March 16, 1998

‘A
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Architecture student Obadiah Swafford, 
left, and Jean Nielsen, a resource manage
ment coordinator at the University of Arizona,

David Sanders.

are building a storage shed at the UA’s agri
cultural center. The shed will be insulated with 
bales of shredded paper. Page IB
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Metro/Region B
UA building paper-insulated shed

David Sanders, The Arizona Daily Star

Obadiah Swafford has the shredded documents baled the size of straw bales

Experiment uses 
non-recyclables
By Keith Bagwell
The Arizona Daily Star

The only resting place for shredded 
confidential documents tainted with  
plastics and sundry other undesirables 
has been the dump.

U ntil now.
Bales of the paper-dominated dry 

stew w ill insulate the walls o f a storage 
shed at the University o f Arizona's W est 
Campus Agricultural Center near W est 
Prince Road and Interstate 10.

Baling the shredded paper and using 
it fo r building insulation was the con
cept o f Tucson recycler Richard Harrell,

who moved to Doming, N .M ., without 
building his paper-bale dream home.

Brainstorm becomes reality
But UA employee Jean Nielsen and 

UA architecture graduate student Obadi-

“ Non-recyclable paper 
becomes a resource, and (its 
use) saves landfill space."

Jean Nielsen
UA special projects coordinator

ah Swafford turned Harrell's brainstorm  
into reality.

Nielsen, a special projects coordina
tor in U A ’s Resource Managem ent De
partm ent, provided the drive and plan
ning and Swafford the design and un
paid construction oversight for the 500-



square-foot storage shed.
The completed shed will house a trac

tor, tools and materials researchers and 
groundskeepers require, Nielsen said.

S a v e s  la n d fill s p a c e

The project “demonstrates a practical 
application of alternative buflcjing mate
rials and resource conservation,'' she 
said. “Non-recydable paper becomes a 
resource, and (its use) saves landfill 
space." ,

The shed will not be heated or 
cooled, but UA employees will monitor 
indoor temperatures to determine how 
well paper bales insulate, Nielsen said.

“It had to be non-residential because 
it's experimental," she said. “We don't 
know how paper bales will play out for

S ee PAPER, Page 3B

Paper
Continued from Page IB
insulating efficiency,”

Swafford said Harrell baled 
the shredded paper the size of 
straw bales -  2 feet by 4 feet by 
l J/2 feet; the shed needed 120 
Bales,

“They’re 280 pounds each, 
, . .  We had to use a forklift to 
put them in place,” he said.

The shredded paper is densely

packed, so Swafford believes it 
will be a good insulator, he said.

The shed’s foundation sports 
some compacted and baled soda- 
pop bottles, from a recyclings 
company less than a mile from 
the site, Swafford said.

Swafford said construction la
bor has been volunteer -  mainly 
UA architecture students, and- 
about 20 local businesses do
nated materials and services.

“It’s really been a nice com-: 
munity effort,” Nielsen said.
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Appendix G:
Tucson Weekly, News 
Paper Article

(Downloaded from the Tucson 

Weekly electronic archives)

TUCS0I1 WEEKLY
Volume 16, Number 41 • Decem ber 17-D«cem b«r 22, 16#a • www.tuceonweekly.com

IT  W O R K S  O N  P A P E R
Jean Nielsen Says Her Radical New Building Idea Came From 
Romance Novels.
By Kay Gather
JE A N  N IE L SE N  SAYS  
the idea for her project came 
from romance novels. Not 
from reading them, she ex
plains, but from watching 
people bring their used cop
ies into Bookm an’s in far 
greater numbers than she and 
her coworkers there could 
ever hope to sell.

Someone ought to try 
building a house with them, 
she thought.

It w asn’t long before she 
learned that “someone” had 
already begun such a project 
here in T ucson . R obert 
Harrel, owner o f a local pa
per-shredding company, had 
adapted an industrial-sized 
baling machine to produce a 
number of smaller bales from 
the non-recyclable paper he

J e a n  N ie lse n  sa y s  th e  
ch an ce to bu ild  a shed  
with pulp fiction w as "an 
o p p o r tu n ity  n ot to be  
passed up.”

had processed. He hoped 
eventually to use them, like 
straw bales, to build a home.

About the time Nielsen 
contacted him, however, 
H arrel was preparing to 
move out o f town. Rather

than haul the 300-pound 
bales along with him, he 
asked Nielsen if  she would 
like to have them.

It was “an opportunity not 
to be passed up,” she says.

Southw est Gas volun
teered to store the 150 bales 
while Nielsen began the task 
of finding the expertise, labor, 
additional materials and site 
for her paper-bale building. 
She envisioned it as an edu
cational experiment involving 
the community rather than a 
private home.

And that’s what it’s turned 
out to be. Initial support came 
from theUA’s Facilities Man
agement Department, where 
the campus Recycling Office 
is located. Eventually the 
College o f A rchitecture,

http://www.tuceonweekly.com
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other U n iversity  depart
ments, and more than two 
dozen local businesses con
tributed to the building’s de
sign and construction.

The 4 0 0 -sq u a r e-fo o t  
structure now stands near the 
chickens and cow s at the 
University’s West Agriculture 
Center, nearly complete. Its 
walls are thick, supporting 
the roof without the help o f  
post-and-beam bracing, and 
unmistakably bowed. But it 
wasn’t meant to be pretty.

“We could have made it 
n o n -lo a d b e a r in g ,” says  
N ie lse n , “but w e  really  
w anted  to ...m a k e  it the  
‘worst case scenario’ so that 
you could really see where 
its weaknesses are.”

The building hasn’t been  
plumbed or wired, since it’s 
destined to be used as a 
humble tool shed. But it has 
already begun to fulfill its real 
purpose— to answer some 
questions about the feasibil
ity o f  paper bale construc
tion, and to generate more 
questions for further research 
and experimentation.
A  key question at this point 

seems to be, “What kind o f  
paper bale is best for build
ing walls?”

“We had som e major 
problems related to the me
chanics o f  the bales,” says 
consultant Matts Myhrman 
from Out on Bale, a straw-

bale education group. The 
paper bales had rounded 
edges, he says, probably be
cause they  w ere bound  
around their girth instead o f  
their length, like straw bales. 
Nielsen thinks the rounding 
might have been exacerbated 
by many months o f  storage 
and the number o f  times they 
were moved.

Obadiah Swafford, an ar
chitecture graduate student 
and the project’s site coor
dinator, says the rounded 
edges made the bales “hard 
to set up straight. They  
tended to shift and move un
til they settled.”

They were also heavy and 
dense. Though Harrel inten
tionally made them the same 
size as straw bales (2-foot- 
by-4-foot-by-20-inch), they 
were four tim es heavier. 
Whereas any able-bodied  
friend or neighbor can help 
with a typical straw-bale wall 
raising, Swafford used a 
forklift for most o f  the plac
ing. The highest course had 
to be placed by hand, he 
says, with considerable diffi
culty.

The density o f  the bales 
presented other challenges. 
In straw-bale building, rebar 
is usually driven through each 
course o f  bales to anchor it 
to the courses below, but the 
density o f  the paper bales 
made this extremely difficult.

Rebar staples were used for 
strength instead.
Though lighter bales could be 
produced, Swafford says he 
wouldn’t change the density. 
It’s needed for strength, he 
says.

Though denser, the paper 
bales compressed more than 
straw bales when weighted 
or “loaded.” “We got quite a 
bit o f  creep ,” Sw afford  
says— about 8 inches (on the 
8-foot w alls), as compared 
to one or two inches for a 
straw-bale wall. Compres
sion actually strengthens the 
bales.

“[The building] is structur
ally sound,” Swafford says. 
W ILL IT remain so? Ques
tions about its vulnerability to 
moisture, fire, termites and 
decay need to be answered. 
“I think the decomposition of 
paper is a critical factor,” 
N ielsen  says. Som e straw- 
bale houses have stood sol
idly for over 100 years, but 
w e have only shelves o f  
books in libraries to tell us 
how paper ages— no com
pressed, sealed walls.

It’s only in recent years that 
vast amounts o f  waste paper 
clogging the world’s landfills 
have inspired innovators to 
start thinking o f  it as a re
source. It has already been 
tried as a building material, 
in everything from roofing and 
insulation to pressed lumber
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and mud-bound brick.
Baling machines, though 

not new, aren’t just for hay 
and cotton anymore— check 
the back room o f  any gro
cery store. Nowadays card
board, rags, plastic bottles, 
and other used materials are 
routinely baled for storage 
and transport.

Building with paper bales 
seem s to be an idea whose  
time has come. So it’s not 
surprising that the Tucson 
project is sharing its “first 
paper-bale building” status 
with one near Taos, N ew  
M exico, where a structure 
made from non-customized 
industrial bales— weighing 
about 1,200 pounds each—  
is also near completion. That 
building uses wooden posts 
and beams for support, so it 
w on’t test the loadbearing 
abilities o f  the bales.

UA engineers are also con
ducting in-plane and out-of
plane testin g  for lateral 
strength o f the walls. But the 
kind o f  formal testing re
quired for building codes is 
often expensive, and wasn’t 
within the project’s budget. 
Harrel says that flash testing, 
for exam ple, could  cost 
$10,000 or more. He thinks 
the bales are somewhat re
sistant to flame because o f  
their density, but probably 
not as resistant as straw  
bales. He also believes that

w o o d — w h ich  co n ta in s  
starch— is more attractive to 
termites than paper, which is 
mostly cellulose fiber. But ter
mites do eat books, so it’s 
clear that paper bales are not 
immune to them. The R-value 
(insulative capacity) o f  paper 
bales hasn’t been determined 
yet, either, though it’s ex
pected to be high.

As a pioneering effort, the 
Tucson project has generated 
quite a few  ideas for future 
experiments in paper-bale 
b u ild in g . Sw afford  and 
Myhrman would both like to 
see smaller, more “user- 
friendly” bales created for 
use in construction. Nielsen  
suggests that adding a dehy
drated lim e binder to the 
shredded paper might add to 
its life and deter termites. 
(Lime has been used to pre
serve paper for centuries.) 
Harrel believes that “chan
n els” for rebar could be 
formed in the bales as they’re 
pressed, making it easy to pin 
one course to another.

“I think [the project] w ill 
give others a boost, an inspi
ration to carry it to the next 
step,” says Jean N ielsen. 
“And that’s really what this 
building is.”

The University o f  Anchor
age may be part o f  that next 
step. They’re interested in the 
Tucson experiment because 
waste paper disposal is a

problem there, with no place 
to ship it nearby. They also 
don’t have straw. W hile  
building with straw uses a 
waste material and reduces 
air p o llu tio n  from  fie ld  
bumoffs, the environmental 
benefits are reduced i f  the 
bales need to be hauled long 
distances. Tucson, like An
chorage and other cities, is 
relatively distant from straw- 
producing agriculture, and 
might be a logical place for 
paper-bale construction.

N ow  there’s a small stor
age building overlooking the 
Santa Cruz that may tell fu
ture builders afewthingsthey 
couldn’t have gotten from a 
book.

An open house for the pa
per-bale building will be held 
in mid-January. Check future 
calendar listings for details.
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Appendix H:
Last S traw  A rtic le

No. 24« W inter 1998

Shredded Paper Bale Experim ental Building  
- Jean M . Nielsen; Tucson, A rizona

Using shredded-paper bales (SPB) as a construction material reflects the 
environmental, cultural, climatic and economic influences o f  a nation needing to 
move toward setting more limits to resource use.

The University o f Arizona Facilities Management Department, the College o f  
Architecture, College o f Engineering, College o f Agriculture and the community 
o f Tucson have joined in an effort to build a 400 sf utility building. This shed, 
“the Field Research Agriculture Support Building,” constructed on the Univer
sity West Agriculture Site demonstrates a practical application o f alternative 
building materials.

The SPB utility shed is load-bearing, constructed sim ilarly to straw-bale, 
using rebar staples in place o f pins. Features include a rammed-earth floor, a 
ramada with foundations o f glass cullet and baled plastic, and the final stucco 
finish using ground glass as a sand substitute.

Compression testing o f paper bales was conducted in 1993 by Ghailene Bou- 
A li, a master’s student at the University o f A rizona’s College o f  Engineering. 
B ou-A li determined that the bales were found to be a ductile material (like straw 
bales and steel, and unlike wood, concrete, and masonry) that does not fail 
abruptly; and the more it is compressed, the stiffer it gets. O nly straw bales and 
a few other very expensive materials behave that way.

Wanting to involve many academic disciplines and the community in this 
educational process, the project was presented as a special project to the 
University Facilities Management Department where the Recycling Office is 
located. The Department’s support and the business comm unity’s response 
were overwhelmingly positive; and materials, consulting, equipment and time 
for the majority o f the structure were donated. Presently, a rough estimate for 
materials for the SPB shed is $8,000. With the exception o f  the wood for the roof, 
all the wood was donated by a Tucson R o ll-O ff, a local construction recycling 
company. Southwest Gas housed the bales for over a year, and then transported 
them to the present location. M any additional companies and individuals 
donated consulting time, materials and equipment.

In the future, we want to observe the material integrity o f  the shredded-paper 
bale. Obadiah Swafford, a graduate student at the College o f Architecture with 
an intense interest in using recycled materials in a modem architectural style 
(who designed the SPB shed &  undertook the momentous task o f onsite 
coordinator), w ill keep records o f the structural integrity o f  the experimental 
building and w ill present a formal thesis paper for his Masters. Also, Richard 
Eboltoft and M ark Perry from the College o f Architecture w ill be conducting 
out-of-plane load tests which w ill lend research information required for future 
design procedures. Determining the useful life o f shredded-paper bales, 
additional structural testing, R-value and fire retardation need more formal 
research.
C o n t a c t :  J e a n  M .  N i e l s e n ,  1 2 2 8  N  F r e m o n t  A v e ,  T u c s o n  A Z  8 5 7 1 9 ;  p h  5 2 0  

6 2 6 - 1 2 6 6



Appendix I:
Earth Quarterly, 
Journal Article

V I1-66

Earth
Quarterly
No. 3 $5.00
Winter 1999



Building with Paper Bales
Mary Hardin

VI1-67

PAPER BALES
Imagine the amount o f waste paper generated by a 

university with 35,000 students. Much of that paper is 
recyclable, but there are still tons of paper that go into 
landfills each year. Glossy magazine stock, paper with 
fluorescent colors, wrappers for the reams of copy paper, 
chipboard, etc. are not acceptable at many recycling centers. 
In partnership with the University o f Arizona, a Tucson 
company (Resource Recycling Service) took a step to 
discover solutions to this growing dilemma by experimenting 
with the production o f shredded paper bales. By shredding 
mixed paper to achieve uniform consistency, compressing it 
in a baler, and banding it with 1/2” steel bands, the Resource 
Recycling Service developed the ECO-BALE.

Initial testing showed the bales to be stronger under a 
compressive load than straw bales, with a lesser insulating 
value (estimated thermal resistance of R-30) due to greater 
mass and density. Like straw bales, the paper bales 
perfonned well in fire tests because their compression left 
little oxygen within the bales to akt in combustion. The 
production of paper bales makes sense in a desert setting 
where straw is not normally cultivated and has to be trucked 
in from other parts o f the state or country. The Resource 
Recycling Service saw the paper bales as a potential material 
for housing construction, either as a loadbeanng system or as 
infill walls in a post and beam system.

A PAPER BALE PROJECT
In the Spring semester of 1998, a team of Architecture 

students at the University of Arizona set out to build an 
experimental structure of shredded paper bales, in an 
endeavor to reroute the non-recyclable material that is 
otherwise headed for landfills. Jean Nielsen, the coordinator 
of campus organization Arizona Resource Exchange (AzRE). 
contacted Professor Mary Hardin and her students with a 
unique challenge: to design and construct a building with 
150 ECO-BALES.

Architecture graduate student Obadiah Stafford  took 
on the project as part of his Master’s thesis and coordinated 
the materials lists, tool gathering, and construction labor 
schedule. Professor Hardin suggested a construction strategy 
based on her previous experience with load bearing straw- 
bales. Graduate students Lance Lewis and Siobhan Kirby, as 
well as undergraduates Jeffrey Lavy and Richard Begay, 
joined the team for independent study credit, and work 
commenced.

W ith the cooperation of the College of Agriculture, the 
Architecture team created a floor plan and a construction 
strategy for a storage building that would house a tractor and 
other equipment needed for honey bee research. The 
structure covers an area of 1000 square feet— 600 square feel 
are enclosed and an additional 400 square feet are defined by 
walls and an overhead shade structure.

The entire project is built of salvaged, donated, and 
recycled materials, with a budget o f $0.00. Design decisions 
were modified weekly in response to available materials and 
tools. Many choices of materials and methods were 
compromises. While this may be a frustrating way to build, it 
docs bring out creativity and cause debate (rewards in 
themselves in the educational setting).

The initial step in the construction was to trench for 
footings that would support the bale walls. The paper bales 
measure 48” long by 24” wide and 18-20” high. The trenches 
were dug 24” wide and 18” deep by the University Grounds 
crew, who donated their time and backhoe. The formwork 
was borrowed from a local concrete company, and used to 
define the lop 4 inches of the footings, which were to remain 
above grade.

3
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In the photographs, rows of bottles are visible along the 
outside of the fonnwork. These were placed against the forms 
and covered with dirt in order to create a dam to hold back 
concrete during the pour (an ad hoc invention that worked 
remarkably well!).

The bottoms of the trenches were filled with pea gravel 
to a depth of V inches. Rebar cages were placed in the forms 
and the remaining 9 inches was filled with the tail end of a 
concrete pour, donated by a local contractor. In this 
photograph, graduate student Siobhan Kirby is guiding the 
concrete pour

4

W hile the concrete was wet, anchor bolts were placed 
along the edges of the footings, to receive the pressure- 
treated lumber that would raise the paper bales off the 
concrete for moisture protection. A row of rebar spikes was 
cast down the middle of the footings to impale the first 
course of paper bales.

The walls of the main storage area are supported by 
these fairly traditional footings. The ramada walls, however, 
arc supported by more experimental means. The trench for 
one wall was filled with glass cullct. created by smashing 
glass bottles found on the site, topped with concrete.
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The trench for the other raniada wall was completely 
filled by bales of compressed plastic soda bottles, wired 
together for transport to a landfill. The plastic bales were set 
in the trench, leaving about 2 feet of the bales exposed above 
ground The paper bale walls were constructed right on top 
of the plastic bale foundation. Here you see Obi Swafford 
shoveling dirt into the trenches around the plastic bales. 
Time and measurements will allow companson of the 
settling of the various wall systems.

The final step in preparing the footings was to bolt 
down pressure treated 2x4s and “Liquid Nail” a piece of 
flashing along the outside edge of the fooling to serve as a 
termite shield. The developers of the ECO-BALES assert that 
termites will not be attracted to the paper, because during the 
pulping process most of the nutrient value is lost. However. 
Tucson dwellers know from experience that termites will 
bore through stacks of paper (perhaps in search of wood) and 
the project will receive termite treatment.

Once the footings were prepared, the bale construction 
began in the manner of loadbearing straw bales. But because 
the paper bales are so heavy (275 pounds each), the rolling 
and lifting soon became exhausting. This is a definite 
drawback to the system— the work is slower and the upper 
courses require real coordination for safety The first course 
of bales was placed quicklv by rolling them to their location 
and lifting them onto the footings Jumping on the bales 
pushed them down onto the rebar spikes and held them in 
place. In this illustration. Obi Swafford and Mary Hardin 
take turns impaling the bales

5
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The second course went up quickly as well, and it began 
to look as if  the wall raising might be completed in just a few 
hours. But, the next step— lying the courses together 
vertically, proved to be a real struggle. The plan was to 
hammer long rebar spikes down through each bale; to pin it 
to the course or two below it. But. the many directions of the 
dense shredded paper made each bale almost impossible to 
penetrate, even using a sledge hammer.

-  I L t_

So, grade stakes were sharpened and pounded in to 
create guide holes, then pulled out and rebar spikes were 
driven in. This labor was very slow, and demanded full 
effort. Here the paper bale team takes a break on the walls.

By the third course of bales, a forklift was borrowed to 
transport the bales, and the system of joining the paper bales 
had been modified. Using a rebar bender, the rebar spikes 
were converted to staples and driven into each pair of 
adjacent bales, thus joining each course horizontally. In this 
photograph. Jeffrey Lavy mass-produces rebar staples.

Alter that, 12 gauge fence wire was used to vertically 
weave together the steel straps that bound the bales, creating 
a sort of net of bales, wire and staples. The team's idea is 
that the net w ill cause the walls to act monolithically under I 
stress rather than moving individually within the wall.

6
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Once the fifth and final course was in place, the walls 
were braced and covered with tarps (actually recycled circus 
tents) to protect them from rain. To create a roof assembly 
that would give lateral stability to the bale walls and provide 
a nailing surface for rafters, the team designed a continuous 
collar beam that went around the top of the walls. It was 
made of parallel 2x1 Os set on edge , with a “lid” of OSB 
(oriented strand board) nailed to the top edges and 2x4 
blocking inside

This made a stiff member as wide as the bales, that 
spanned door and window openings. The Architecture team 
noticed that the collar beam immediately pulled the walls 
together and stiffened up the whole building Although it is 
difficult to see in the photographs, the collar beam is pinned 
down into the bales. Before the lid was nailed on. holes were 
drilled through blocking members and rebar pins were driven 
down through the 2x4s into the bales until a 90-degree bend 
at the top stopped their progress.

The team also had a strategy for making a continuous 
connection between the foundation and the roof. They ran 
pallet strapping under the pressure treated floor plates before 
anchoring them down and filling in between them with pea 
gravel. After the walls were up and the collar beam was in 
place, the pallet straps were pulled up one side of a wall, over 
the collar beam, and back down the other side of the wall to 
meet the piece sticking out from under the floor plates Each 
strap was cinched lightly to form a loop that connected the 
entire wall from foundation to roof Here Siobhan cinches 
straps to complete the loop

After this point, the rest of the construction was fairly 
conventional. Although a shed roof had been planned, it 
proved impossible to acquire the necessary 28 TJI joists* 
with no budget. Shorter 2x6 lumber was available, so the

7
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team improvised a ridge beam out of salvaged flat trusses and 
framed a shallow gable roof.

*TJ1 is a trade name for “engineered lumber joists.” 
which arc like composite wooden I-beams. They have 
plywood or OSB webs and solid lumber flanges at the top 
and bottom. They are an inexpensive way to achieve a long 
span because they arc stiff due to their shape, but arc made of 
recycled wood. They arc used for roofs and floors.

Richard Begay attaches 2x6 joists to the ridge beam 
with joist hangers.

The gable ends were covered with strips of corrugated 
Kal-W all, which let a soft yellow light into the interior of the 
shed. The roof is sheathed in OSB and then corrugated 
galvanized aluminum (picked out of an ancient pile on the 
site).

8

Windows were incorporated into spaces created b> 
removing a bale. 2x6 frames provided a nailing surface for 
the nailing flanges of the aluminum windows. The frames 
were actually were hung from the collar beam, as it was 
easiest to nail them to another wooden member. An 
alternative would have been to dnll holes in the sides of the 
window frames and drive wooden dowels or rebar pins 
through to the paper bales on cither side of the frame.

These overall views show the storage structure and 
ramada before they were wrapped for stucco application



At this point, the rammed earth floor was tamped. 
Using a small garden rototiller. students mixed 27 parts earth 
(sand, cla>. silt and gravel) with 1 part cement and enough 
water to achieve a proper consistency (one that allowed a ball 
of earth formed in the hand to remain in a ball w hen the fist 
is opened). This earth mixture was spread out on the interior 
floor surface to a depth of about 6 inches, then tamped with a 
"flapjack'’ to a final depth of 4 inches. In this photo. Obadiah 
Swafford drives the flapjack.

A door frame was built into the opening in the bale wall 
under the ramada. The 2x6 framing members were nailed 
into the wood floor plates and up into the collar beam. Then 
2x4s were added within this larger frame until the rough 
opening was the correct size for hanging the door

Preparation for stucco required four steps The first was 
to cover all the wood that would eventually have stucco on it 
with black water resistant paper. The paper was stapled onto

9
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the collar beam all the way around the building as well as 
around the door frame and beams atop the ramada walls. The 
second step was to nail metal strips called “J-stop" to the top 
and bottom edges of the bale walls, where the stucco would 
stop. These J-shapcd strips turn outward to form an edge 
against w hich the thick layers of stucco can come to rest. The 
J-stop was nailed to the collar beam at the top of the walls, 
and to the wooden floor plates at the bottom. This was a real 
struggle, because the bales protruded unevenly, and had to be 
"trimmed" back with the claw of a hammer when the 
shredded paper obscured the nailing surfaces. Npxl. 
expanded metal lath was nailed on wherever there was a 
transition between two materials, in order to provide a 
uniform surface so that the stucco could bridge the gaps. For 
example, an 18 inch strip of expanded metal lath was nailed 
into the collar beam and then pegged into the paper bales 
below all the way around the structure. This makes a 
continuous, well textured surface so that the stucco won’t 
crack between the collar beam and the walls. The metal lath 
was also used at all corners, inside and out. to ease the turns 
and let the stucco cling uniformly. 60-penny spikes were 
used to attach the lath to the bales. Galvanized 6-penny nails 
were used to attach lath to all wood surfaces. Finally, stucco 
netting (like chicken wire) was stretched from collar beam 
down to the wooden floor plates so that the entire wall 
surface was covered Notice the four layers of preparatory 
materials in these v iews

1 0

Rather than the sliding garage door that was part of the 
original plan, the College of Agriculture provided a gate 
made of galvanized steel tubes and chain link fence material 
This was positioned on a steel frame in front of the door for 
the tractor, and pivots open on large hinges. A wheel 
supports the weight of the gate at the open end and allows it 
to roll with minimal effort

The final step of the process is the stucco application. It 
will be sprayed on in three coats, and can be painted or left a 
natural grey-brown. Interior as well as exterior walls will be 
finished with stucco, due to the fact that weather can blow in 
through the garage door opening.

CONCLUSIONS
Some preliminary conclusions can be drawn about 

paper bale construction as the project nears completion. The 
construction method used by Professor Hardin’s class 
resulted in design considerations and costs similar to straw 
bale construction. The structural walls arc inexpensive while 
the other assemblies (foundations, roof, interior partition 
walls) are conventional in costs and techniques. However, the 
paper bales are heavier and more difficult to handle than 
straw bales. This drawback has to be weighed against issues 
of availability of straw and transportation costs if  it has to be 
trucked in from a long distance.

The difficulties involved in pinning bales vertically and 
providing lateral stability to a wall of bales made Professor 
Hardin’s team wary of using paper bales as loadbeanng walls 
again. The insulation value of the bales makes them a good 
choice for infill walls in a post and beam structure Obadiah 
Swafford and Professor Hardin proposed a post and beam 
structure on a 12 foot grid, with bales stacked in between 
The dimensional stability of the post and beam structure 
would also alleviate worries about uneven settling of the 
bales, as the roof would not bear on the bales The problems 
involved in pinning bales together would be avoided as well, 
and. lateral stability of the walls could be provided by 
diagonal bracing from post to post.

The trials and tribulations of any new building system 
can only be learned by experimenting with it. The struggles 
with this paper bale structure have been worth the effort, 
even if  the conclusions seem to lead away from the use of the i 
bales as loadbearing units. Discoveries made along the way 
have revealed attributes of the paper bales that the class did 
not suspect. For example, the density of the bales makes 
them almost impervious to water. The structure stood roofed, 
but not yet plastered, through Tucson’s summer monsoon 
season. The bales were hit repeatedly with driving rain from 
all directions, and yet never swelled Bales opened after the 
rains revealed that water had penetrated only about 1/4 to 1/2 
of an inch. Wet bales quickly dried out in the desert air. and 
seem to hold promise for use in emergency shelter, as well as 
use in long term, plastered structures.

MORE INFORMATION
Richard Harrell, co-owner of Resource Recycling 

Service of Tucson, has recently moved to Doming. New 
Mexico. The ECO-BALES arc not currently being produced
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in Tucson. Harrell had planned to collect non-recyclable 
paper types in depositories located at grocery stores 
throughout the city, shred it to achieve uniform consistency , 
and bale it in a baler converted from an industry-standard 
paper baler. The minor modifications Harrell made to the 
baler were justified because the goal was to get a narrower 
bale and stack the bales flat in a load bearing system. If, 
however, bales were used as infill in a post and beam wall, 
they could be stacked on edge, and the industry standard bale 
(48x30x18) would be just fine.

The initiator of the this project. Jean Nielsen, works for 
the campus Recycling Center (520-621-1264) as coordinator 
of Arizona Resource Exchange.

P ro fe s s o r  M a r y  H a r d in  is  a  lic e n s e d  a rc h ite c t  w ho  

te a c h e s  f u l l  l im e  in  th e  C o lle g e  o f  A rc h ite c tu re  a t  th e  

U n iv e rs ity  o f  A r iz o n a  a n d  in v o lv e s  h e r  studen ts  in  

d e s ig n  b u i ld  p ro je c ts  th ro u g h o u t th e  s ta te  o f  A r iz o n a .  

T o g e th e r  th e y  h a v e  b u ilt  s e v e r a l c o n c re te  b lo c k  houses a n d  a  

s tra w  b a le  h o u s e  in  th e  Y aqu i c o m m u n ity  o f  G u a d a lu p e , a  

ra m m e d  e a r th  c la s s ro o m  in  Tucson, a n d  th is  p a p e r  b a le  

s tru c tu re . T h e y  a re  c u r r e n t ly  w o rk in g  o n  p la n s  f o r  ra m m e d  

e a r th  h o u s in g  th a t  w i l l  b e  b u i l t  on  th e  G i la  In d ia n  

R e s e rv a t io n  in  1 9 9 9 . S h e  c a n  b e  r e a c h e d  a t  th e  C o lle g e  o f  

A rc h ite c tu re , U n iv e r s ity  o f  A r iz o n a , Tu cso n , A / .  8 5 7 2 1  o r  

m c h a rd in @ u . a r iz o n a . edu.

A l l  p h o to g ra p h s  in  th is  a r t ic le  a r e  b y  R ic h a r d  B e g a y , 

J e f f r e y  Ix n y ,  a n d  M a r y  H a r d in .
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Appendix J:
Research Proposal and 
Previous Work of Robert Harrell

PAPER BALES FOR EXTERIOR WALL HOME CONSTRUCTION

A Project Developed by Resource Recycling Service of Tucson

Resource Recycling Service has developed a strong, naturally- 
insulated building material for residential applications. The 
paper bale, once approved, will lower building costs, reduce 
landfill accumulations, and help preserve dwindling forest 
resources in our country. The ECO-BALE is easily manufactured 
and can be made from readily accessible materials.

The ECO-BALE is composed o f common grades of mixed paper that 
has first been shredded to achieve uniform consistency. The 
dimensions and strength properties of the paper bale product 
is equivalent to straw bales currently in use, and identical 
construction methods will be employed.

Resource Recycling Service will initially target a number of 
types paper that are non-recyclable and divert this material 
out of the waste stream (landfills). Ten collection/deposit
ory locations are planned at local retail/grocer centers for 
convenient public access and participation. Institutional and 
business collection will also be provided at no charge. The 
project is being funded entirely through the private sector.

The information derived through product testing and research, 
the manufacturing process, and building codes compliance will 
not be kept proprietary. This knowledge will be released to 
the public domain throughout the country to promote national 
efforts for landfill use reduction and the conservation of 
forest resources. This project will showcase a key example of 
community action in the "3 R's" of resource management:

Reduce - REUSE - Recycle.

ECO-BALE is a trademark of Resource Recycling Service.



PAPER BALE WALL TEST PROCEDURAL OUTLINE

Submitted by Resource Recycling Service, May 10,1993

Wall tests to be conducted employing paper bales with dimen
sions o f 48" X 24" X 16" (L X W X H). The bales are to be 
manufactured and tied in an identical manner and consistency 
as referenced by the individual bale testing procedures,
"Paper Bale Structural Report" (G. Bouali, 1993).

1. Infill application approval (as needed): Steel post/stud 
and I-beam wall unit(s) constructed at minimum 12 foot 
spans. Non-residential (utility/storage) and residential 
code specification (current compliance).

Measurements (proposed): Visual inspection to demonstrate 
material strength and stability for infill applications.

2. Empirical wall system test procedure: Duplication of test 
procedure outlined in "Straw Bales and Straw Bale Wall 
Systems" (G. Bouali, 1993) at equal or greater structural 
loads. Wall system dimension to be 12' X 8’ (L X H). Non- 
residential/residential code specifications (proposed).

Measurements: A. Vertical loading (compression)
B. Out-of-plane lateral loading
C. In-plane lateral loading

3. Test structure construction (as needed): To substitute for 
or in conjunction with wall system test, 12 foot (single
side, perimeter) complete, fiee-standing structure build
ing and/or addition to be constructed in the field. Non- 
residential/residential code specifications (proposed).

Measurements: Visual inspection and structural analysis to 
be determined by building inspector. Wall tests designated 
above to be conducted in the field as may be required by 
the Planning and Development Services Department.
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BALE CONSTRUCTION WITH SHREDDED PAPER

Comparison of Waste Paper with Agricultural Byproducts

Shredded paper bales offer identical features as straw bales 
for similar applications as a building material.

MATERIAL INTEGRITY: Shredded paper compacts easily and can be 
compressed even further for higher density than straw for use 
in more rigid applications, including bearing structures.

INSULATION FACTOR: Shredded paper offers insulating qualities 
that equal or exceed straw and other organic materials.

DURABILITY: Waste paper, when compressed, is as resistant to 
open flame as straw, offers no nutritive content for termites 
and other wood-boring pests, and is more mold-resistant than 
straw and other organic materials.

Bales composed of shredded, non-recyclable waste paper offer 
the following environmental benefits:

1. Significant reductions in landfill space can be 
achieved by diverting waste paper into housing.

2. Waste paper is generally available in cities and 
municipalities where housing demand is likely to 
be highest, thus reducing transportation resources.

3. Use of waste paper can help conserve limited water 
resources, particularly when straw supplies become 
limited, or when agricultural production is cut 
back due to water user restraints.

4. Processing of waste paper utilizing the latest in 
technological equipment is more energy-efficient 
and offers a higher jobs creation potential in 
comparison with modem agricultural methods.



PAPER BALE HOUSE CONSTRUCTION

Pre-planning Proposal for Material Specifications Research

INTRODUCTION

Resource Recycling Service, hereafter referred to in this 
document as "company", proposes to fund research to deter
mine the feasibility o f utilizing post-consumer waste paper 
for the building technique known as bale-house construction. 
The waste paper, once collected, is to be shredded and baled. 
The bales are to be presented to the researcher in sufficient 
quantities to perform the necessary testing requirements.

The costs o f materials collection and processing, extraneous 
supplies to perform testing, transportation expenses, and 
researcher stipend/salary are to be borne by the company. In 
return, the researcher will provide a suitable facility and 
environment in which to perform testing. The procedures used 
in the study are to be independently verified by certified 
engineering professionals. The results of the research are to 
be freely distributed within the public domain of knowledge.

PURPOSE OF THE STUDY

The stated purpose of the research is to determine the pro
perty characteristics and define the building specifications 
of the paper bale for approval as a standard construction 
material. The testing of the paper bale will be designed to 
measure necessary physical properties and characteristics and 
how these compare to other accepted construction materials. 
The material attributes to be investigated include, but not 
limited to, are as follows:
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1. Tensile strength including shear, twisting, and pull
out force;

2. Specific density under compression;
3. Frictional resistance of particles;
4. Fire-resistance and flashpoint values;
5. Other relevant ASTM specifications.

OUTCOME OF THE RESEARCH STUDY

The above findings for material specifications, if  deemed 
appropriate for construction applications, will be submitted 
by the company for building codes adoption. In addition, the 
testing methods and certified corroboration will be presented 
by the researcher for review and evaluation. The company will 
present the findings in the capacity as vendor/supplier of 
the paper bale material.

The publication and written distribution of the research 
results are to accomplished without charge to the general 
public nor with proprietary prejudice. The accreditation of 
the findings report and research methods will belong to the 
research team. Acknowledgment of contributions made by the 
company and other private or corporate sponsors are to be 
included with the publication of the final research report.

CONCLUSION

This proposal is being presented by the company to promote 
the reutilization of non-recyclable materials for low-cost, 
energy-efficient housing. The final disposition of these 
materials has been traditionally landfill disposal. Resource 
Recycling Service is a licensed and bonded enterprise, esta
blished in 1987, dedicated to advancing and developing earth
saving products and services.



SUPPLEMENTAL DATA SHEET

Paper Bale Manufacturing Process

Introduction

The paper bale is composed of primarily mixed pulp fibers 
which are first shredded to achieve uniformity in mass and 
then compressed in an industry-standard paper baler. The 
baler in use forms a bale that measures in surface area 
(length and width) at 48 X 30 inches. The proposed standard 
size for the paper bale is 48 X 24 inches which will closely 
conform to the typical dimensions o f straw bales (minor modi
fications to the baler/press is required). The height or 
thickness of the bale (16" under compression), as well as the 
total developed pressure on the material, is subject to tight 
controls which results in nearly equivalent unit production, 
particularly in dimensional configuration (size).

Manufacturing Process Specifications

The baler/press is constructed with a 5-inch diameter cylin
der driven by a 5-hp pump rated at eight gallons per minute 
to deliver a total hydraulic system pressure up to 1250 psi.

The platen (press) pressure develops approximately 24545 lbs. 
delivering 17 psi force to the surface o f the 48X30 bale and 
22 psi force (projected) to the surface o f the 48X24 bale.

The bales are formed at maximum pressure and strapped under 
compression using 1/2" steel band (20 gauge). The banding 
material is rated at 1200 lb. tensile strength.

The bale (48X30) strength under load was tested at 55 psi.
This number is not expected to change significantly for the 
proposed 48X24 bale as long as the height (thickness) o f  the 
bale (16" under compression) is maintained (ref. G. Bouali).
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The R-factor insulating value has not yet been determined for 
the paper bale. It is expected to be nearly equivalent but 
less than the straw bale (R-30) due to greater mass/density.

Discussion of Reported Anomalies

Several inconsistencies were noted in the individual bale 
test report submitted for review. These included variations 
in weight among the sample (n=5), expansion and shape reten
tion of the bales after compression, and bowing of the metal 
straps binding the bales while under extreme stress. Each 
item noted is discussed below with the object in mind to 
partially, if  not fully, explain the reasons for the anomaly.

1. Page two of the test report indicates variation among the 
weights of the bale sample. Bale #3 and #4 are equal in 
weight because of similar composition. This composition 
was labeled "generic" because no particular attention was 
given to the fiber stocks utilized, as such would be the 
case under regular production activities. The other bales 
were composed with a single, sorted fiber material to 
determine if  early failure could be attributed to a single 
fiber source (none did).

2. The bales, when released from compression, expand from an 
original height (thickness) dimension of 16" to approxi
mately 21". This expansion occurs lengthwise along the top 
and bottom centers of the bale perpendicular to the bind
ing straps. This renders the paper bale with an irregular
or bowed appearance. The bale flattens out again to its 
original compressed shape under pressure and is expected 
to perform similarly under normal building loads (e.g. 
stacked in walls with mounted roof).

3. The metal strap provides flexible confinement of the com
pressed fibers in the bale. It is able to react to move
ment the bale may when pressure is applied as well as 
released. The strap offers a durable comparison to the
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twine used to bind the straw bale. The bowing exhibited by 
the metal strap occurred only under extreme stress within 
close range of bale failure. This amount of pressure far 
exceeds the normal loads expected in bale-house construc
tion. In addition, baled materials can be demonstrated to 
retain their shape foregoing binding within confinement; 
one example of this can exist when under wall/roof load 
pressures and encased in plaster or stucco.

Submitted by R. L. Harrell 
Resource Recycling Service



***  PRESS RELEASE ***

Resource Recycling Service of Tucson - (602) 682-7547 
April 20, 1992

Resource Recycling Service has begun research for utilizing 
post-consumer waste paper in home construction. The waste 
paper will be shredded and baled so that it may be used in an 
fashion identical to straw-bale housing. The company seeks to 
obtain approval of the paper bale for construction applica
tions from local building codes officials. The paper bale is 
not being proposed as a substitute for straw, but rather as 
an alternative material.

The company will provide no-cost samples to building profes
sionals and contractors interested in working with the bale- 
house concept. The company's phone number is (602) 682-7547.

Paper bales offer benefits similar to straw bales, such as 
consistent material integrity and a high insulation factor.
The use of waste paper offers its own share o f environmental 
savings, particularly large reductions in landfill space.

The types of post-consumer waste paper being considered are 
magazines and chipboard. These are not recyclable for reuse 
in paper products and have few alternative applications for 
recycling. Chipboard is commonly used in packaging for con
sumer products, such as cereal and dry detergent boxes.

*  *  *

Robert Harrell, co-owner o f Resource Recycling Service, was 
first approached by advocates of straw-bale housing last 
September (1991). He was asked to assist in promoting paper 
bales. Mr. Harrell agreed to participate but has not since 
been contacted. He says, "The idea fascinated me instantly.
So much of the stuff goes needlessly into landfills. After a 
while I realized nobody was moving on the paper-bale concept, 
so my company is working to have them approved as a standard 
construction material." The company will provide bales for 
demonstration purposes at no cost. The market price for paper 
bales is expected to be competitive with other materials used 
in home and commercial construction.
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The waste paper being proposed is the same type used in homes 
and offices. Once shredded and baled, this paper product 
offers the same qualities for construction that make straw 
bales attractive: lower building costs, high insulating pro
perties, and environmental savings. There are some disadvan
tages. "Most kinds of paper are treated with chemicals," says 
Mr. Harrell, "and people with certain allergies and who are 
hyper-sensitive to chemicals may be advised to forgo paper 
bales." He adds, "By the same token, these people who desire 
a bale-house should seek out straw grown on organic farms, to 
avoid pesticides and herbicides." Moreover, insurance and 
financing for any type of bale-house may be difficult to find 
at the present time.

The paper-bale concept has advantages all its own as well.
Waste paper is common in cities where demand for housing is . /  
highest. Diverting waste paper from landfills into housing is 
Mr. Harrell's ultimate goal. "It may sometimes be impractical 
to use straw to fuel urban housing demands. The straw itself 
is an agricultural byproduct and could be left as compost to 
enrich the fields, a good soil conservation technique."

Water conservation, particularly in Arizona, is another area 
where the paper bale can play an important role. As an alter
native material, paper can make up for straw shortages and 
reduce the need for extraordinary crop plantings to replenish 
supplies. Mr. Harrell points out, "In the metropolitan 
regions of Arizona, about two or three percent of the popu
lation uses over ninety-five percent of the water supply.
That user is agriculture." He concedes that the agriculture 
industry contributes a significant portion of income revenue 
to the state. "But the farmers and the ranchers employ but a 
small fraction of the workforce. I imagine that after we have 
pumped our groundwater supply dry and have sucked out the 
Colorado River for all it's worth, economics and the politics 
of survival will no longer lend their support to agriculture, 
golf courses, and industrial water wasters." Straw for bales 
may have to be imported from distant states, which would be 
counter-productive, he says, if severe water restrictions 
take effect, like those recently enforced in California.
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In the long term, the future looks bright for bale-houses.
Those made from straw are well-suited for farming communities 
and countries with agricultural economies. Recapturing non- 
recyclable paper for housing will go a long way to easing the 
urban landfill dilemma. Regardless of how they may be built, 
the bale-house concept constitutes an efficient use of the 
nation's renewable resources.

One major objective at this point is to increase public 
awareness through the media, trade shows, and demonstrations. 
Mr. Harrell believes that more people will want to build 
bale-houses after the technique catches on and has proven 
itself. He looks forward to the acceptance o f paper bales and 
maintains that it is important for consumers to have the 
choice to use them. Private homeowners, commercial real 
estate developers, and public housing officials would all 
benefit from the advancement o f bale-house construction.

Submitted by Kristin Kuhlmann 
Co-Owner, Resource Recycling Service
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Appendix K:
Paper Bale Compression Testing
Ghailene BOUALI 2

Pacer Bales
Bales used in the testing were paper bales, some were made 

entirely from only one kind of shredded paper, others have 
different kinds of papers. They vary slightly in size and weights 
(see Table 1).

Table 1 Bales size and weichits
Bale # Length (in) Width (in) V  Height-Un.) Weight (lb)

1 48 30 21 355
2 48 30 21 318
3 48 30 21 322
4 48 30

^  21
320

5 48 30 • 21 370

Compression Testina
Tile testing program is to determine if paper bales

adequate for structure construction as a bearing material. For that 
reason bales were tested under a hydraulic compressor and the load- 
deflection relation was observed, from which the stress-strain 
diagrams were plotted (see Fig.1). The ultimate stress: stress that 
causes failure, was observed and compared to see if bales were 
consistent in their strength. The mode of failure was determined by 
noticing what kind of failure has been obtained. Bales densities 
were computed and compared to check for consistency, the density-
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strength relationship was established. Bales were tested flat, thus 
if used in a wall construction, they should be laid in that 
position. The bales were compressed using a UTM (Universal Testing 
Machine), modified to enable pressure to be applied evenly zo the 
surface of tested bales when they are laid flat. To provide a rigid 
non-deflective surface to support the bales, a half-inch thick 
steel plate was placed on the base of the machine. On the top of 
the bale, two half-inch thick wood plates were placed. On the top 
of the wood plates, four steel I-beams were placed to transmit the 
load from compressor to the bales (see Fig.1)

Fig.1. Experimental Set-up for Bales
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Conclusion
Obviously the paper-bale material has a great potential to be 

successfully used as a load bearing material. It could become a 
practical solution and a new revolutionary idea for more 
economical, energy efficient, and environmentally friendly houses. 
It is concluded from the results that the paper-bales are good and 
safe material for building load-bearing walls, they have the 
strength of at least 77,000 lbs. Although when compared to other 
materials (wood, concrete,..), paper bales have a smaller strength 
per unit area (stress), they compensate for that by their bigger 
area and they end up by having almost the same bearing strength per 
unit length. Paper bales were found to be ductile material(like 
straw^bale and steel, and unlike wood, concrete, and masonry.) 
that does not fail abruptly, and the more it is compressed the 
stiffer it gets (only straw bales and few other very expensive 
materials behave that way.)

It is my sincere hope that this work will create more 
opportunities for paper bales, and make it easier for people to use

Ghailene BOUALI

them.
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