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Disclaimer

The statements and conclusions contained in this report are those of the authors and do not
necessarily reflect the views or policies of the U.S. Department of Housing and Urban
Development or the U.S. Government. The authors have made every effort to verify the accuracy
and appropriateness of the report’s content. However, no guarantee of the accuracy or
completeness of the information or acceptability for compliance with any industry standard or
mandatory requirement of any code, law, or regulation is either offered or implied. The products
and systems described in the report are included only as examples of some available choices. No
endorsement, recommendation, or evaluation of these products or their use is given or implied.



Appendix A: Literature Review Summary Sheets and Bibliographies

Innovation Adoption/Diffusion

Topic: Innovation Adoption/Diffusion

Reference: Nam, C. H. and C. B. Tatum. 1989. Toward Understanding of Product Innovation Process in
Construction. Journal of Construction Engineering and Management 115, no. 4: 517-34

Reviewer: GKH

1.

Scope and content of the reference:

This is a scholarly paper coming out of the Stanford Department of Civil Engineering in 1985.

“After briefly emphasizing the significance of product innovation for the long-term health of the
U.S. architect, engineering, and construction (AE&C) industry, this paper starts with a review of
related research results from investigations of innovation in other industries, then describes a
suggested model of the process for product innovation in construction. The last part extracts
some practical applications from the model for increasing the rate of product innovation in
construction, and implications for further research.” (p. 518)

This is the end of the Peter Drucker era and the start of the “Tom Peters era when there is lots of
review and discussion about productivity and innovation in the manufacturing sector. The
authors make the point that such theoretical studies of innovation in construction have been
neglected. They conclude that few prior studies exist. They also point out that construction
differs from manufacturing in important ways:

immobility; complexity; durability; costliness; and the high risk of failure. (p.522).

This thesis gives the impression that the mid-80s are a watershed for theories of innovation in
construction; that the work on modeling this that has gone on before doesn’t amount to much.

Any theoretical model of innovation and/or barrier operation to consider based on the work:

The authors propose a model of product innovation in construction by “probing” the nature of

four key actors and relationships:

1) Owner’s Demands: “Owner’s demands are the market pull.” (p.529) An owner can cause
innovation by presenting an unusual problem or by simply demanding innovation. By being
willing to participate in the design process, an owner can be far more important in building
innovation than a simple “buyer” of a manufactured product.

2) Problems: “Problems are uncertainties that the designer/engineer/contractor cannot resolve
with immediate applications of the technology they currently possess. Problems require
them to explore alternative technologies.

3) Designer’s Bank of Technology: Eight ways that design firms can increase their bank of
technology: hiring people; company R&D; take design science from academia; look at
closely related industries or organizations; learn from other design or construction
companies; learn from foreign countries; learn from other industries; or respond to
regulation and building code changes.

4) Contractor’s Process Technology: Where as designers operate in a world that is based on
reputation without price competition, contractors must operate in a world of price
competition and price reduction. Only when the two cooperate is there a chance for
innovation.

How the reference helps define one or more of the four relevant categories of barriers:

This article offers some general insight into the barriers Education and Risk. There is very little
on Fragmentation and nothing on Cultural Values.

How the reference better defines the extent to which consumers (builders at one level, ultimately

Appendix A: Literature Review Summary Sheets, Innovation Adoption/Diffusion A-1



home buyers) participate in making decisions or creating barriers:

As discussed in section 2 above, these authors believe that a building owner can have a large
effect on innovation. However, the authors appear to have more of a commercial building model
in mind than a residential home building model. | am not sure that there model fits well with
residential home buyers.

How the reference supports the presented conclusions with reliable and sufficient experiential
data:

No experimental data is offered.

How the reference differentiates energy and non-energy aspects of technology or system
innovation:

The article focuses on the building industry without reference to energy considerations.

Potentially important references not previously cited:

1) Nam, C.H., and Tatum, C.B. (1988). “Major characteristics of constructed products and
resulting limitations of construction technology.” Construction Management and
Economics, London, U.K., 6(2), 133-148.

2) The references provide an excellent overview of the literature of innovation in
manufacturing including the work of Drucker, Peters, and N. Rosenberg.

Additional comments or summaries of other important information:

If you buy the contention of this paper, it means that our current inquiry into important models
of innovation in the construction industry doesn’t have to look very hard in the period before
1985.
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Topic: Innovation Adoption/Diffusion

Reference: Arditi, David and Serdar, Kale. 1997. Innovation in construction equipment and its flow into
the construction industry. Journal of Construction Engineering & Management 123, no. 4: 371-78
Reviewer: WIW

1. Scope and content of the reference:

The construction equipment (earthmoving equipment) industry is “mature” (modest growth)—
high competition for market share and incremental product and product process innovations.
Concentrated, dominated by US firms, the construction industry is its largest customer. Demand
shaped by megaprojects shifted to versatile and small equipment in mid-80s. Materials,
metallurgy, mechanical systems, electronics, hydraulic systems innovations feed incremental
equipment innovations.

Impacts on bringing industry change considered in terms of a three-level taxonomy of
innovative improvements—incremental (steady), radical (new products or processes), and
revolutionary (significant economic changes). Importance of incremental changes often
underestimated—may account for half of total benefits over predecessor technology. Many
incremental changes seem “”invisible,” such as reduced vibration leading to longer service life.
Frequency of innovation in construction industry, in spite of noted barriers, is also
underestimated. Incremental innovation may predominate in construction because of
incremental nature of innovation in feeder industries.

Industry rate and type of technological change are the result of environmental dynamics.
Strategic positioning, production process, and market strategy respond to demand/market-pull;
R&D represents technological push. Schumpeter emphasizes innovation based on technology
push while Schmookler asserts that firms innovate to maximize profits in response to demand
pull. Empirical studies are inconclusive, and environmental dynamics today may differ from
1970s when studies were conducted.

For construction equipment the frequency of purchase is low, involves a high number of people,
the risk of breakdown is high, and assembly-line production predominates.

The rate of innovation increased for the industry while the technological life of equipment
decreased to near its lower limit, indicating continuous incremental improvement driven by
market forces rather than technology. An innovative new model can achieve a one year imitation
period of competitive advantage for a manufacturer.

Construction companies are technological innovators (new methods and processes, corporate
structures, financing, inter-organization collaboration, and alternative product delivery systems)
but rely on feeder industries (electronics, machinery, and chemicals sectors) for technical system
innovations.

2. Any theoretical model of innovation and/or barrier operation to consider based on the work:

Description of intersectoral patterns of innovations builds on Schmookler invention matrix
(maker sectors in columns, user sectors in rows). Innovations characterized as “process”
(directed at improving mode of production within sector) or “product” (produced in one sector
and used in another). Core sectors generate most innovations. Pavitt poses intersectoral flows
among four groups: supplier dominated firms (use technologies developed by feeder industries,
often focus on cost cutting, characteristic of construction companies); production-intensive firms
(scale intensive, producing most of their own process technology, focusing on process
improvements to reduce costs); or mechanical and instrument engineering firms, (focusing on
performance and reliability improvements to products to be used in other sectors, characteristic
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of construction equipment manufacturers); science-based firms (focus on R&D for technological
change, feed innovations to production-intensive firms); specialized equipment suppliers
(provide equipment and instruments for production-intensive science-based firms,
complementary and interdependent relationships).

Porter poses cost leadership, focus, or differentiation as possible business strategies. Product
differentiation has been identified as the primary strategy for the construction equipment
industry. (See Sousa and Hambrick’s taxonomy of production method and market context.)
Woodward classifies production methods as small batch, assembly-line, and process. The
assembly-line nature of construction equipment manufacture creates opportunities for
continuous improvement.

How the reference helps define one or more of the four relevant categories of barriers:

Porter and Linde assert that properly designed regulations act as a catalyst for innovation and a
demand-pull force on the construction equipment industry.

How the reference better defines the extent to which consumers (builders at one level, ultimately
home buyers) participate in making decisions or creating barriers:

Market context may be represented by frequency of purchase, buyer-seller interaction (time and
number of people involved in a purchase), and risk of product malfunction. Higher frequency
implies less time and fewer people. Risk of malfunction is related to complexity (operating skills
and number of parts) and uncertainty (under different conditions).

How the reference supports the presented conclusions with reliable and sufficient experiential
data:

The study uses objective measures—the number of new models annually and the technological
life of equipment models—to remove subjective bias in assessing the rate of innovation for the
industry. Linear regression was performed on the variables for 8 types of equipment from 60
manufacturers over a 30 year period to test whether or not the rate of innovation increased in the
construction equipment industry.

How the reference differentiates energy and non-energy aspects of technology or system
innovation:

Not applicable.

Potentially important references not previously cited:

Several, see above. (45 references in all.)

Additional comments or summaries of other important information:
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Topic: Innovation Adoption/Diffusion

Reference: Rosenfeld, Yehiel. 1994. Innovative construction methods. Construction Management &
Economics 12, no. 6: 521-241.

Reviewer: WIW

1.

Scope and content of the reference:

Characteristics of capital intensiveness, legal responsibility, and fragmentation (represented by
unbalanced risk and reward) lead to slow development and implementation of innovative
construction techniques. Prefabrication and industrialization have never generally replaced
traditional practices except in limited regions (Finland) or for limited periods of time in
exceptional situations (such as the rebuilding of Europe), most recently in Israel in the 1990s.
Sudden immigration multiplied demand for housing. The government actively shared the risk of
development by guaranteeing purchase of a percentage of dwellings at an agreed price.

Three types of non-conventional methods were adopted: previously discarded methods that
(with risk sharing) could again be economically feasible; imported methods that had had success
elsewhere; and promising innovations that lacked experience.

Each method was evaluated in terms of: manufacturing and/or construction method,;
functionality and performance; process logistics; and strengths and limitations. A comparative
analysis ranked the methods against 10 attributes: design flexibility, clumsiness, degree of
prefabrication, equipment requirements on-site, capital intensiveness, project size dependency,
confidence in long-term performance, skilled labor requirements, social implications, and speed
of erection on-site.

2. Any theoretical model of innovation and/or barrier operation to consider based on the work:
None noted.

3. How the reference helps define one or more of the four relevant categories of barriers:
Flow charts of process logistics may offer opportunities to identify problem areas or needs for
coordination and communication within or between trades.

4. How the reference better defines the extent to which consumers (builders at one level, ultimately
home buyers) participate in making decisions or creating barriers:
Each method was evaluated in terms of: manufacturing and/or construction method,;
functionality and performance; process logistics; and strengths and limitations. A comparative
analysis ranked the methods against 10 attributes: design flexibility, clumsiness, degree of
prefabrication, equipment requirements on-site, capital intensiveness, project size dependency,
confidence in long-term performance, skilled labor requirements, social implications, and speed
of erection on-site.

5. How the reference supports the presented conclusions with reliable and sufficient experiential
data:
Entirely anecdotal.

6. How the reference differentiates energy and non-energy aspects of technology or system
innovation:
Not applicable.

7. Potentially important references not previously cited:
None noted.

8. Additional comments or summaries of other important information:
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Topic: Innovation Adoption/Diffusion

Slaughter, E. Sarah. 1998. Models of Construction Innovation. Journal of Construction Engineering and
Management 124, no. 3: 226-31.

Reviewer: WIW

1.

Scope and content of the reference:

Paper seeks to guide identification, acquisition, development, and implementation of
innovations by construction firms. Summarizes benefits of innovation from macroeconomic
(economic growth and productivity) to firm-level competitive advantage. Describes scale,
complexity, product service life, temporary nature of industry alliances, regulation, and unique
liabilities as differentiating construction innovation from manufacturing innovation. Defines a
framework of construction innovation based on magnitude of change from current state-of-the-
art and linkages to other construction components and systems.

Any theoretical model of innovation and/or barrier operation to consider based on the work:

Five models of innovation: incremental (small, easily accommodated, from within value chain);
modular (significant change within component, but maintains existing links unchanged, easily
implemented within an organization); architectural (small change in component, but significant
change in links to other components and systems, requiring changes in external relationships);
system (integrating multiple independent innovations to perform new functions or improve
overall performance, typically from multiple sources requiring significant integration among
industry participants); radical (breakthrough fundamentally changing industry product or
delivery, most often from outside industry)

How the reference helps define one or more of the four relevant categories of barriers:

Indirect or implied reference to education, risk, and fragmentation.

How the reference better defines the extent to which consumers (builders at one level, ultimately
home buyers) participate in making decisions or creating barriers:

Describes four considerations for implementing innovation: timing of commitment (when
decided and to what degree resources will be used); degree of coordination (implicit, requiring
informal negotiation and collaboration, or explicit, requiring contractual provisions and/or
formal acceptance of risk or uncertainty); type and source of special resources (special
equipment or trained personnel, most often only available outside existing organization); nature
and level of supervision (organizational level, type of activity, and required competencies of
Supervisors).

How the reference supports the presented conclusions with reliable and sufficient experiential
data:

Asserts theory with references to previous research and researchers. No empirical or case study
evidence, as such.

How the reference differentiates energy and non-energy aspects of technology or system
innovation:

Not applicable

Potentially important references not previously cited:

Schumpeter, J. (1934) The theory of economic development. Harvard University Press
(32 references in all)

Additional comments or summaries of other important information:

None.

Appendix A: Literature Review Summary Sheets, Innovation Adoption/Diffusion

A-6




Topic: Innovation Adoption/Diffusion

Reference: Hassell, Scott, Anny Wong, Ari Houser, Debra Knopman and Mark Bernstein. 2003. Building
Better Homes: Government Strategies for Promoting Innovation in Housing, RAND Science and
Technology Policy Institute, Arlington, VA.

Reviewer: GKH

1. Scope and content of the reference:

Published in 2003, this is a landmark piece of work in the field. It takes a comprehensive look at
previous work done in the field of innovation as it relates specifically to housing. It provides two
good models for thinking about innovation in housing today. And, it makes important
recommendations for how government support of innovation might proceed into the future.
Principal sections address:

*[1 Problems with the old linear conceptual model for innovation.

*[1 A new, nonlinear model of housing innovation.

*[] Summarizes the NAHBRC/Hassell model of the housing construction process.

*[] Summarizes industry characteristics and motives that affect innovation in housing.

*[1 Summarizes previous federal efforts to promote innovation, and

*[] Recommends new federal strategies to enhance innovation in housing.

2. Any theoretical model of innovation and/or barrier operation to consider based on the work:

First, following a careful literature search (see 7 below), the report begins by covering the
limitations of previous models that view innovation in housing as a linear process.
Second, the report proposes a new, less linear model for innovation in housing that highlights
the importance of invention. This model addresses the importance of research, building a
knowledge base, and addressing market forces.
Third, the report summarizes previous work by the NAHB Research Center and by Hassell et al
in describing the five stages of the housing construction process:

*[] Land Development

*[] Design

*[] Pre-Construction

[] Construction

*[] Post-Construction.
Although either the second or third models could be a basis for the current project, it appears at
this point that the description of the housing construction process could be most beneficial in
organizing panel discussions.

3. How the reference helps define one or more of the four relevant categories of barriers:

This report goes out of its way to say that defining “barriers” and proposing to remove them is
NOT the best way to promote innovation. They propose that it is much better to identify options
that accelerate innovation. This is a departure from the classical linear model of innovation and
becomes the basis for most of the report.

4. How the reference better defines the extent to which consumers (builders at one level, ultimately
home buyers) participate in making decisions or creating barriers:

Chapter Four, “Industry Characteristics and Motives and Their Effect on Innovation, has an
extensive section (p 50-62) that describes many aspects of builder’s complex motivations in
making decisions. Sections of the report on the importance of addressing market forces covers
many aspects of home buyer concerns. This report is one of the best in the literature reviewed on
these two topics.

5. How the reference supports the presented conclusions with reliable and sufficient experiential
data:

The report is well researched and well footnoted. It meets what one would expect from a
leading, national policy research organization.
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6. How the reference differentiates energy and non-energy aspects of technology or system
innovation:

Although energy-related texts are reviewed and addressed in the report, the focus of the report
throughout is on housing innovation.

7. Potentially important references not previously cited:

The 12-page Bibliography included with this report is one of the best and most up to date of any

document we reviewed.

8. Additional comments or summaries of other important information:

This document should have and will have an important influence on the current project.
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Topic: Innovation Adoption/Diffusion

Reference: Holmen Enterprises Ltd. 2002. Innovation in the Housing Industry, National Research Council
of Canada., Ottawa, Ontario, Canada.

Reviewer: GKH

1. Scope and content of the reference:

This is a “discussion paper” prepared in 2002 by a contractor (Holmen Enterprises Ltd.) for the

National Research Council of Canada with support from the Canadian Home Builders

Association. It is a practical work aimed at including a broad audience in a discussion about

innovation in housing. It is a good presentation of definitions currently used in the industry. It

does not present any data. Work is based on three sources of information:

1) Literature Review: The Bibliography provided is a nice, up to date summary of sources with
emphasis on those from Canada. This is a good addition to our search for sources. See
section 7 below.

2) Interviews: Unfortunately the author does not tell us how many persons were interviewed
and does not provide a list of sources.

3) Expert Opinions: Unfortunately we are not given the list of experts consulted.

2. Any theoretical model of innovation and/or barrier operation to consider based on the work:
No theoretical model is presented. However, on page 8 there is a nice diagram of the
“Relationships among Key Members of the Housing system.” This could be a useful handout for
our panels.

3. How the reference helps define one or more of the four relevant categories of barriers:
Education: The paper calls out the limited number of skilled workers in the sector but does not
offer solutions for addressing the problem. (p.16) Information transfer was also discussed.
Risk: This topic is discussed in some detail. | recommend pages 18-19 to the Risk team.
Fragmentation was not discussed.

Cultural Values were not discussed.

4. How the reference better defines the extent to which consumers (builders at one level, ultimately
home buyers) participate in making decisions or creating barriers:

Consumers were discussed in this paper as a “contingent factor” meaning that they could either

foster or impede innovation. (see page 20)

5. How the reference supports the presented conclusions with reliable and sufficient experiential
data:

No data was presented. As mentioned above, it was troublesome not to see a list of those

interviewed.

6. How the reference differentiates energy and non-energy aspects of technology or system
innovation:

The article focused on the construction industry with little attention to energy.

7. Potentially important references not previously cited:

The Bibliography is divided into three sections:

1) Summaries of Reports about Innovation Applicable to Most Business Sectors. (Nam and
Tatum, above, suggest that this is not such a useful enterprise.)

2) Summaries of Reports about Innovation Applicable to the Whole Construction Industry:
This is a good section. Perhaps 5 selections merit investigation by our librarian.

3) Summaries of Reports about Innovation Applicable to the housing Sector of the
Construction Industry

Another good section. Perhaps 8 selections merit investigation by our librarian.

8. Additional comments or summaries of other important information:
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Topic: Innovation Adoption/Diffusion

Reference: Field, Charles G. and Goldberg, Burton. 2001. Commercialization of Innovation: Lessons
Learned, NAHB Research Center, Inc., Upper Marlboro, MD.

Reviewer: GKH

1.

Scope and content of the reference:

This 2001 report was prepared by the NAHB Research Center, Inc. for the HUD PATH
Program. Based on two detailed case studies—EIFS and I-Joists—and two workshops with
experts in these are related technologies, the authors draw conclusions about what worked, or
didn’t, in the diffusion of these two new technologies. From this analysis, the authors then
propose a “framework” for considering diffusion of innovation more generally in the
construction industry. The Executive Summary includes a long list of major recommendations
resulting from this work.

Any theoretical model of innovation and/or barrier operation to consider based on the work:

The authors develop a “Framework for Study” (p.17-24) but stop short of calling it a new model
of diffusion of innovation in the construction industry. According to this framework, the
literature defines five attributes that influence the rate of adoption of a new construction related
technology:

*[1 Compatibility

*[] Trial-ability

*[1 Observability

*[] Simplicity

*[] Relative Advantage
Each of these is defined and discussed in modest detail. This framework is also applied to the
two case study technologies discussed in the report.

How the reference helps define one or more of the four relevant categories of barriers:

Education, Risk, and Fragmentation are all touched upon in recommendations made by this
study. The case studies featured in this report are used to illustrate findings about each of these
three categories. The categories are not studied theoretically or independently. There is no direct
attention to Cultural Values as a category.

How the reference better defines the extent to which consumers (builders at one level, ultimately
home buyers) participate in making decisions or creating barriers:

Within the context of the two case studies presented, there are detailed findings about how both
builders and home buyers responded to these two new technologies. These descriptions are
informative about how both groups make decisions and about how they define barriers.
However, the limited number of cases makes it difficult to generalize.

How the reference supports the presented conclusions with reliable and sufficient experiential
data:

In this report, the detailed investigation of the two case studies supported by expert workshops is
compelling. The authors strike a nice balance between making recommendations based on what
is presented in the case studies but stop short of constructing an entire new model of diffusion,
which would be difficult given the limited data. This is a practical presentation.

How the reference differentiates energy and non-energy aspects of technology or system
innovation:

This report focuses almost entirely on building systems and addresses energy issues only in
passing.

Potentially important references not previously cited:

The authors make reference to the fact that a literature search was conducted as part of the study
and that it was used by staff in preparing the report. Unfortunately, results of this literature
review were not presented as an appendix to the report.
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8. Additional comments or summaries of other important information:

This is a practical and very readable report. The case studies are well researched and well
written. They provide excellent examples for many findings in the report and give credibility to
the recommendations made. Details from these case studies could easily inform points of
discussion on any future panel of experts. The “framework for study” provided is useful in
comparing the two case studies but, wisely, stops short of trying to be a new model for diffusion.
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Topic: Innovation Adoption/Diffusion

Reference: Hall, Bronwyn H. Innovation and Diffusion. Working Paper 10212, National Bureau of
Economic Research, Cambridge, MA, January 2004. [http://www.nber.org/papers/w/10212
Reviewer: Dbh

1. Scope and content of the reference:

The contribution made by innovation and new technologies to economic growth and welfare is
largely determined by the rate and manner by which innovations diffuse throughout the relevant
population, but this topic has been a somewhat neglected one in the economics of innovation.
This chapter, written for a handbook on innovation, provides a historical and comparative
perspective on diffusion that looks at the broad determinants of diffusion, economic, social, and
institutional, viewed from a microeconomic perspective. A framework for thinking about these
determinants is presented along with a brief nontechnical review of modeling strategies used in
different social scientific literatures.

Published in 2004, this is the latest theory on diffusion of innovation. There is only one mention
of the building industry related to plastic pipe as an example of regulatory lag to diffusion.

2. Any theoretical model of innovation and/or barrier operation to consider based on the work:

Conceptual frameworks:

Saociological (Rogers): [Implicitly assumes that neither the innovation nor the technology it
replaces changes during the diffusion process and that the new is better than the old.]
Relative advantage

Compatibility with adopter’s way of doing things and with social norms.
Complexity.

Trial-ability. (Level of uncertainty).

Observability. (Level of uncertainty). Plus:

Decision made by individuals or central authority (fragmentation).
Communication channels (education).

Nature of social system of adopters (cultural)

Extent of change agents’ promotion efforts (education).

LCoOoNoORwWNE

Economists view the process as cumulative decisions made in an environment of uncertainty

(risk) and limited information (education). Modeling the diffusion rate:

1. Benefits received from new technology. They increase over time as the innovation is
improved and adapted. (Relate this to Slaughter innovation by users vs. manufacturers).

2. Network effects, or the interfaces that diffuse information about the innovation and its
benefits

3. Costs of adoption.

4. Information and uncertainty.

5. Market size, industry environment and market structure. This includes the regulatory
environment.

3. How the reference helps define one or more of the four relevant categories of barriers:
It helps relate them to the theoretical models, as noted above.
4. How the reference better defines the extent to which consumers (builders at one level, ultimately

home buyers) participate in making decisions or creating barriers:

“Although many have criticized the linear model that lies behind the division of innovative
activity into three parts (invention, commercialization/innovation, diffusion) as oversimplified, it
remains true that without invention it would be difficult to have anything to diffuse, so that the
model still serves us as an organizing principle, even if we need to be aware of its limitations.
Nevertheless, an important insight from the many historical case studies of individual inventions

Appendix A: Literature Review Summary Sheets, Innovation Adoption/Diffusion A-12



has been the extent to which the diffusion process enhances an innovation via the feedback of
information about its operation or utility under varying conditions and across different users,
information that can be used to improve it. A second major finding from this literature has been
the possible feedback from differences in the rate or scale of adoption across geographic areas to
the rates of improvement in the innovation.”

5. How the reference supports the presented conclusions with reliable and sufficient experiential
data:

This is a theoretical framework discussion that draws on examples from various diverse
technologies.

6. How the reference differentiates energy and non-energy aspects of technology or system
innovation:
Not applicable.

7. Potentially important references not previously cited:

There are 67 references, none of which appear to address the construction industry. There is no
reference given to the comment on plastic pipe.

8. Additional comments or summaries of other important information:
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Innovation Adoption/Diffusion Bibliography (and anticipated usefulness score)

Innovation Articles

Score
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Appendix A: Literature Review Summary Sheets
Risk

Topic: Risk

Reference: Bernstein, Harvey M. 1992. Tort Liability: Limiting U. S. Innovation. Civil Engineering 62,
no.11:6

Reviewer: wiw

1. Scope and content of the reference:

Safeguards for public safety and competitiveness have become barriers to innovation.
Uncertainty of product liability and least cost contracts reward low risk design and stability in
the building construction industry, which accounts for 8.4% of GNP. A measurable linkage
between concern for liability and low levels of research in construction has not been shown, but
a Conference Board survey indicates 36% of respondents discontinued existing products, 30%
decided against introduction of new products, and 21% discontinued research because of
liability concerns. Tort claims cost the US economy hundreds of billions of dollars each year,
many times that in other countries.

2. Any theoretical model of innovation and/or barrier operation to consider based on the work:
None.
3. How the reference helps define one or more of the four relevant categories of barriers:

Risk: US construction lags in R&D spending, with, for example, Japan spending $800M
annually, 15 times as much as US companies. Individual companies, the entire industry,
government, and academia need to work together to demonstrate and adopt innovation in the
US. The government led during the energy crisis. They should again, now, by absorbing some of
the financial risk associated with innovation. The government needs to: create a better
environment for innovation, encourage more private R&D investment, simplify regulation,
protect intellectual property, participate in evaluation of innovation, reduce legal obstacles, and
increase infrastructure investment.

4. How the reference better defines the extent to which consumers (builders at one level, ultimately
home buyers) participate in making decisions or creating barriers:

Not applicable.

5. How the reference supports the presented conclusions with reliable and sufficient experiential
data:

Not applicable.

6. How the reference differentiates energy and non-energy aspects of technology or system
innovation:

Not applicable.

7. Potentially important references not previously cited:

None.

8. Additional comments or summaries of other important information:
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Topic: Risk

Reference: Toole, T. M. 1998. Uncertainty and Home Builders’ Adoption of Technological Innovations.
Journal of Construction Engineering and Management 124, no. 4: 323-32.

Reviewer: wiw

1. Scope and content of the reference:

The rate of technological change in the housing industry is wrongly perceived. The paper seeks
to answer how innovation adopting firms are different than non-adopting firms and, further, how
adopters of high uncertainty innovations differ from adopters of low-uncertainty innovations.
The results apply to builders of less than 200 houses per year.

Nine hypotheses of the relationship of uncertainty reduction to innovation adoption are
presented and tested using multivariate regression analysis of over 100 interviews of
homebuilders. Adoption is defined as use in at least 25% of opportunities for use. Non-diffused
innovations are defined as having 2% to 40% market share. High uncertainty innovations are
defined as those in which substantial information related to long-term performance, total
installed cost, or acceptance by buyer, subcontractors, or local code officials is lacking. Low
uncertainty innovations are those for which this information is available.

Nine hypotheses are tested by evaluating answers to five questions (posed about 12 innovations;
6 high uncertainty, 6 low uncertainty):

Will it perform as promised in all homes over a long period of time?

How much money will it save or cost me?

How much will potential buyers value or resist it?

To what extent will it affect or be resisted by subcontractors?

To what extent will it be resisted by local regulators?

2. Any theoretical model of innovation and/or barrier operation to consider based on the work:

1 Indiffusion theory, adoption is substantially influenced by relative advantage, which has
two components: the ability of an innovation to improve the performance of a work task and
the superiority of an innovation in allowing an organization to match its environment
(allowing execution of strategic actions that increase the organization’s performance).

*[] Evaluating the task component of adoption is difficult for a home builder because: the end
products vary considerably; there are long time frames and wide ranges of conditions in
production; task end products consist of many interacting parts and/or dynamic subsystems
(leading to potentially severe consequences); high levels of tacit knowledge and skills are
required; and, interactions with a large number of diverse entities are required.

[1 Organizational environments consist of five sectors: technology, supplier, regulatory,
competitor, and customer. Sectors individually and as a group influence actions needed for
profitability, growth, and other organizational goals. Munificence (degree of environmental
hostility—Ilow implies stiff competition and threats to survival), dynamism (unpredictable
volatility in demand, prices, product characteristics, technologies—high because of extreme
swings in demand for homebuilders), and complexity (measure of number of inputs, outputs,
interactions, regulations—high because of number and diversity of external influencers for
homebuilders) are key dimensions of environment affecting uncertainty. Home buyers, local
building officials, and subcontractors are particularly significant sources of uncertainty for
homebuilders.

*[1 History suggests to homebuilders that “building innovations are guilty (i.e. may not perform
as promised) until proven otherwise.

*[1 Prospect theory, status quo bias, and regret bias decision mechanisms suggest that potential
adopters missing critical information will choose not to adopt.
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3. How the reference helps define one or more of the four relevant categories of barriers:

Risk and builder preferences (cultural values)

4. How the reference better defines the extent to which consumers (builders at one level, ultimately
home buyers) participate in making decisions or creating barriers:

[1 Strong evidence that builders who are more apt to adopt both high uncertainty and low
uncertainty innovations are those who reduce uncertainty by gathering and processing
information about the innovations. Four of five hypotheses related to uncertainty
reduction/information (first five above) were significant for at least one and/or the other of
high uncertainty or low uncertainty innovations. Only geographic location of the remaining
four hypotheses not related to information processing was significant. Squared R values
indicate that 75% of explained variance was attributable to information processing while the
remaining 25% was attributable to geographic location.

*[] Propensity to adopt high uncertainty innovations early is significantly related to the number
of sources, number of functions, and having a building trades perspective involved.
Propensity to adopt low uncertainty innovations early is significantly related to the number
of sources, a positive attitude toward innovation, and involvement of an A/E perspective.
The amount and quality of information needed is higher for high uncertainty innovation
adoption than low uncertainty innovation.

*[1 Builder behavior concerning adoption of new products is understandable given
environmental characteristics of the industry. Reduction of uncertainty will be required in
order to increase the rate of technical change. Manufacturers should reevaluate marketing to
reduce uncertainty by increasing knowledge of sales staff and emphasizing see and touch
demonstrations; improving storage and installation procedures; and providing meaningful
warranties.

5. How the reference supports the presented conclusions with reliable and sufficient experiential
data:

*[1 Sources of information: builders more apt to adopt tap into more sources of information than
non-adopters. High uncertainty adopters held other builders, in-house testing, and
subcontractors important. Low uncertainty adopters held architects, homeowners,
manufacturers, and subcontractors important.

*[] Number of employees gathering information: no relationship to adoption.

*[] Number of organizational functions (top management, office administration, sales, field
supervision, crews, or designers) involved in adoption decisions: significantly related for
adoption of high uncertainty innovations, but no significant relationship for low uncertainty
innovations.

*[] Professional backgrounds involved in innovation related activities: not significant for either
high uncertainty or low uncertainty innovations for building trades, A/E college degree, and
non-A/E college degree collectively. Building trades participation significantly related for
high uncertainty innovations. A/E participation significantly related for low uncertainty
innovations (highly deterministic analysis and decision making may lead to status quo bias).
Non A/E participation not significantly related for high uncertainty or low uncertainty
innovations.

*[] Positive attitude about early adoption: not statistically significant for high uncertainty
innovations, but significant for low uncertainty innovations.

*[]1 Firm size: data were inconclusive. Note that only companies producing 180 homes or
less(small to medium-sized firms) participated in the survey; data and analyzing do not test
hypothesis for large firms.

*[1 Market segment: not significant (as measured by starter, average, or luxury homes
segmentation) for adoption of either high uncertainty or low uncertainty innovations. (May
reflect balance of included innovations between cost-saving (lower end of market, typically)
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and performance enhancing (higher end).

*[] Number of years in business: no relationship to adoption of high uncertainty or low
uncertainty innovations (despite strongly held opinions of some builders).

*[1 Geographic location: significantly related for both high uncertainty and low uncertainty
innovations for several regions.

6. How the reference differentiates energy and non-energy aspects of technology or system
innovation:
Not applicable

7. Potentially important references not previously cited:
Several; see appendix listing 31references in all.

8. Additional comments or summaries of other important information:
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Topic: Risk

Reference: Agarwal, R. and B. L. Bayus. 2002. The Market Evolution and Sales Takeoff of Product
Innovations. Management Science 48, no. 8: 1024-42.

Reviewer: dbh

1. Scope and content of the reference:

30 consumer and industrial product innovations introduced in the U.S. over 150 years are
examined to determine the relationship amongst “invention year,” “commercialization year,”
innovator firm take-off year and sales takeoff year. As increased capacity produces price
reduction, falling prices alone account for less than 5% of variance in sales takeoff. By contrast,
nearly 50% of the same variance is seen due to new firm entry -- coincidental with product
improvements (real and perceived), expanded distribution, heightened consumer awareness,
advertising and promotion, etc. Prices may actually rise during crucial early years of R&D and
fall only after a sales takeoff. Thus, increased demand, due to such non-price factors, is
identified as the key driver to sales takeoff.

The reference argues that outward shifting of supply and demand curves lead to market takeoff -
- not particularly startling, except that the preponderance of earlier studies focused mostly or
exclusively on supply side analysis.

2. Any theoretical model of innovation and/or barrier operation to consider based on the work:
Barriers not addressed. Economic model of sales takeoff, and firm entry takeoff.

3. How the reference helps define one or more of the four relevant categories of barriers:
Not applicable.

4. How the reference better defines the extent to which consumers (builders at one level, ultimately

home buyers) participate in making decisions or creating barriers:

Innovation sales takeoff is a function of shifts in both supply and demand curves.

5. How the reference supports the presented conclusions with reliable and sufficient experiential
data:
Empirical data is used extensively.

6. How the reference differentiates energy and non-energy aspects of technology or system
innovation:
Not applicable.

7. Potentially important references not previously cited:
The 74 references are all to the basic diffusion literature. No new insights.

8. Additional comments or summaries of other important information:

Of the 30 innovations studied seven are home appliances (dishwasher, clothes washer, freon
compressor, clothes dryer, garbage disposer, heat pump, and home microwave oven). However,
no patterns for this group is identified.

Risk not addressed.
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Topic: Risk

Reference: Jensen, R. 2003. Innovative Leadership: First-mover Advantages in New Product Adoption.
Economic Theory 21, no. 1: 97-116.

Reviewer: Dbh

1.

Scope and content of the reference:

This paper analyzes innovation adoption when uncertainty about its profitability cannot be
resolved immediately. It does so by mathematical game theory.

Any theoretical model of innovation and/or barrier operation to consider based on the work:

Mathematical game theory making assumptions about information becoming equally and
immediately available to all competitors whose uncertainty relates to the demand.

How the reference helps define one or more of the four relevant categories of barriers:

Uncertainty about profitability when facing competing firms may not be a good model for the
homebuilding industry.

How the reference better defines the extent to which consumers (builders at one level, ultimately
home buyers) participate in making decisions or creating barriers:

Demand is not analyzed in this model, and is assumed to be stochastic.

How the reference supports the presented conclusions with reliable and sufficient experiential
data:

No experiential data. This is theory.

How the reference differentiates energy and non-energy aspects of technology or system
innovation:

Not applicable.

Potentially important references not previously cited:

None.

Additional comments or summaries of other important information:

This paper suggests that innovative leadership does not necessarily imply early adoption. A wait
and see strategy may be more profitable for a leader. Thus, understanding the uncertainty may
slow diffusion.
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Topic: Risk

Reference: Lunch, Milton F. 1994. Liability Issues Lurk in Product Specification. Building Design &
Construction 35, no. 4: 34-36

Reviewer: wiw

1. Scope and content of the reference:

Contractors, manufacturers, and even owners may be targets for negligence when building
components fail to perform satisfactorily. “Standard of care” may require actual testing of
products to confirm performance rather than reliance on manufacturer or third-party
information. “Responsibility between prime and consultant” leads to pass-through of negligence
liability to the prime even if not directly involved in decisions of a consultant, or even if defects
are part of a manufacturers design. “Manufacturer’s potential liability” exists in cases of
negligent design or misrepresentation (including in ‘free’ publications), even if others contribute
to a failure. “Owner’s potential liability” evolves from the Spearin Doctrine, which holds that
projects are built to plans and specifications prepared by the owner and that the owner is
responsible for the consequences of defects in plans and specifications. “Handling of
substitutions” leads to potential liabilities by all decision makers in the use of newer/substitute
materials that have not been tested by experience.

2. Any theoretical model of innovation and/or barrier operation to consider based on the work:
None.

3. How the reference helps define one or more of the four relevant categories of barriers:
Liability risk.

4. How the reference better defines the extent to which consumers (builders at one level, ultimately

home buyers) participate in making decisions or creating barriers:

Not applicable.

5. How the reference supports the presented conclusions with reliable and sufficient experiential
data:

Not applicable.

6. How the reference differentiates energy and non-energy aspects of technology or system
innovation:

Not applicable.

7. Potentially important references not previously cited:

None.

8. Additional comments or summaries of other important information:
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Topic: Risk

Reference: White, Nancy J. and Nancy Holland. Statutes of Repose: Protection for Manufacturers and
Material Suppliers. ASC Proceedings of the 32nd Annual Conference , pp 223-30

Reviewer: Dbh

1. Scope and content of the reference:

This paper discusses Statutes of Repose that have been adopted by most states to protect
architects, engineers and constructors from lawsuits arising after a specific number of years after
completion of a construction project. Unlike Statutes of Limitation, which bar claims after they
have risen, Statutes of Repose bar claims before they have arisen. The extent to which a statute
of repose protects manufacturers and material suppliers varies greatly among the states. State
courts have developed two theories to determine if a particular manufacturer or material
provider is protected: the improvement analysis and the activity analysis. The authors describe
the latter as superior, and recommend that all states adopt an activity analysis, which will extend
the protection of the statute of repose to entities which install their products into/onto real
property improvements.

2. Any theoretical model of innovation and/or barrier operation to consider based on the work:

This paper does not address innovation, or the liability of parties specifically related to
innovative products or materials.

3. How the reference helps define one or more of the four relevant categories of barriers:
It does not define risk as a barrier to innovation, but discusses a certain type of general limitation
of risk.

4. How the reference better defines the extent to which consumers (builders at one level, ultimately

home buyers) participate in making decisions or creating barriers:

The risk of lawsuits is clearly a barrier to innovation, and it is ultimately consumers who sue.

5. How the reference supports the presented conclusions with reliable and sufficient experiential
data:

The paper provides examples of statutory language and court opinions to support it argument.

6. How the reference differentiates energy and non-energy aspects of technology or system
innovation:

Not applicable.

7. Potentially important references not previously cited:

The references provided are all to cases.

8. Additional comments or summaries of other important information:

This paper suggests that innovators should target their innovations to states that apply the
activity analysis to their statutes of repose (Texas, North Dakota, Missouri, and Pennsylvania).
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Topic: Risk

Reference: Bevan, John P. 2002. New Standards, Procedures, Defenses Enacted for Housing Construction
Defect Disputes in California, Thelen Reid & Priest LLP, San Francisco, CA.

Reviewer: Fk

1.

Scope and content of the reference:

This reference details some of the major provisions of California SB 800, a complex law enacted
in 2002, establishing new standards and procedures for legal action brought by homeowners
against builders. The statute also mandates a lengthy pre-litigation procedure for builders,
(including subcontractors, material suppliers, product manufacturers and design professionals)
to repair alleged defects, to mediate, or to make a cash settlement before the homeowner can file
for court action.

Any theoretical model of innovation and/or barrier operation to consider based on the work:

Risk (liability for construction defects) is the subject. Education of homeowners and builders is
implied with an admonition that builders give “close examination to the text of [the law’s]
various sections,” so they or their subcontractors may be prepared to handle claims made under
the statute.

How the reference helps define one or more of the four relevant categories of barriers:

In terms of operationalizing liability risk, SB 800 provides lengthy, new definitions for many
types of actionable deficits for such categories as water, structural, soil, fire-protection,
electrical, sewer and plumbing, manufactured component items as well as newly defined
standards for a long list of construction components.

How the reference better defines the extent to which consumers (builders at one level, ultimately
home buyers) participate in making decisions or creating barriers:

SB 800’s pre-litigation process enforces communication between owner and builder to jointly
approach a remedy of defects before legal action may be filed.

How the reference supports the presented conclusions with reliable and sufficient experiential
data:

It doesn’t. It simply describes the new law and advises that owners and builders be aware of the
statute’s new definitions and strictly construed timetables.

How the reference differentiates energy and non-energy aspects of technology or system
innovation:

It doesn’t, except to define electric and heating issues separately. System innovation is only
inferentially dealt with as a potential failure issue which could lead to litigation.

Potentially important references not previously cited:

None.

Additional comments or summaries of other important information:

The pre-litigation process, although placing the burden of response primarily on the builder,
offers a “way out” of court and a mechanism for the demand side of the market (owners) to
make known their concern to the supply side.
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Risk Bibliography (and anticipated usefulness score)
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Appendix A: Literature Review Summary Sheets
Fragmentation

Topic: Fragmentation

Reference: Blackley, D. M. and E. M. Shepard. 1996. The Diffusion of Innovation in Home Building.
Journal of Housing Economics 5, no. 4: 303-22.

Reviewer: Dbh

1.

Scope and content of the reference:

Investigation of the factors that influence the propensity to adopt ten innovative methods and
materials for a sample of 417 home building concerns obtained from the 1987 NAHB Builders’
Profile Survey. A diffusion index reflecting the number of innovations used is the dependent
variable, and ten characteristics of the builders are independent variables.

Any theoretical model of innovation and/or barrier operation to consider based on the work:

No theoretical model. This is looking for statistical correlations using an ordered probit
framework. Propensity to adopt innovations may support indirect barriers analysis.

How the reference helps define one or more of the four relevant categories of barriers:

Risk: Two variables that correlated with propensity to adopt innovation were size of the firm
and operating in multiple markets. Both of these may relate to greater risk tolerance.
Fragmentation: Study results do not support the hypothesis that fragmentation reduces the
likelihood of adopting innovations. However, the measure for horizontal fragmentation was the
percentage of work subcontracted, and the measure for vertical fragmentation was the extent of
non-building business (i.e., architecture, engineering, real estate, design, and finance). We
believe that these are crude proxies for fragmentation. For example, they ignore the relationship
between manufacturers, suppliers and builders.

The other builder characteristics do not easily relate to the four categories of barriers.

How the reference better defines the extent to which consumers (builders at one level, ultimately
home buyers) participate in making decisions or creating barriers:

Discusses correlation between propensity to adopt innovations and the following additional
characteristics: management intensity (inverse), unionization (none), local codes and climate
(positive), owner characteristics (positive), lower priced houses (positive), and use of
industrialized building (positive).

How the reference supports the presented conclusions with reliable and sufficient experiential
data:

This is a statistical study. The assumptions regarding both the diffusion of innovation (number
of innovations used from a list of 10) and the builder characteristic variables may be crude and
over-simplified. Also, the ten innovations are at the lower end of the innovation scale.

How the reference differentiates energy and non-energy aspects of technology or system
innovation:

Non-energy innovations: plumbing provisions of 1986 CABO code, 24” stud spacing, two-stud
corners, in-line off-center joists, composite wood I-beams, open wall panels, closed wall panels.
Possible energy innovations: foam structural panels.

Energy innovations: condensing furnaces, solar-assisted water heaters.
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7. Potentially important references not previously cited:

Of 20 references the following may be important:

Goldberg and Shepard (1990), Diffusion of Innovation in the Housing Industry, NAHB Research
Center Report #4051.

Willis (1979), The Effects of Cyclical Demand on Industry Structure and the Rate of
Technological Change: An International comparison of the House Building Sectors in the
United States, Great Britain, and France, Ph.D. dissertation, Yale University.

Greer (1992), Industrial Organization and Public Policy, 3" ed., New York, Macmillan.

8. Additional comments or summaries of other important information:

In explaining the effect of management intensity, this paper seems to support Slaughter that
builders with workers participating in both management and construction are likely to adopt and
adapt innovations. It doesn’t discuss the issue of feedback to manufacturer innovators.
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Topic: Fragmentation

Reference: Slaughter, E. Sarah. 1993. Builders as Sources of Construction Innovation. Journal of
Construction Engineering and Management 119, no. 3: 532-49

Reviewer: Dbh

1. Scope and content of the reference:

Innovation in the construction industry occurs to a much greater extent than is usually
recognized, and the sources of these innovations are more likely to be people working on-site
rather than manufacturers or research laboratories. 34 innovations to a single technology, the
stressed-skin panel, are examined, and it is found that the vast majority of these were developed
by builders rather than manufacturers. These builder innovations were significantly different
from those produced by the manufacturers. The builders’ innovations explicitly integrate the
panel into the total building system; the manufacturers’ innovations are confined to the panels
themselves. A third finding is that manufacturers commercialized few of the builder’
innovations—particularly avoiding those that involved connection of the panels to other
systems—despite their potential for substantial improvement in the performance of the panel
overall.

The research is based on a detailed, field-based study of innovations. Data collected through in-
depth personal interviews.

2. Any theoretical model of innovation and/or barrier operation to consider based on the work:

This paper addresses the important theoretical model discussed by Bronwyn Hall (Innovation
and Diffusion) on the importance for innovation feedback and subsequent modifications to the
innovation.

3. How the reference helps define one or more of the four relevant categories of barriers:

Fragmentation: The value of builder innovations does not result in broad-based improvement to
the basic innovation because the manufacturers do not adopt them for commercialization.

Risk: Author points out that builders’ risk is local and limited, while manufacturers’ risk is
extensive and may expand if they address panel interfaces. This may explain her findings. Not
discussed by the author is that builder innovation may violate the building code requirement to
install per manufacturers’ instructions, creating additional risk to the builder.

Education: “The policy implication of this research is in many ways more significant than the
research impacts. If, as is demonstrated in this research, builders are responsible not only for the
vast majority of innovations that improve construction technologies but are also the sole source
of innovations that integrate the different systems, then policies to improve the development and
implementation of new technologies in construction must explicitly recognize this phenomenon.
Policy programs could focus on providing detailed technical information and training directly to
the users; these actions could more significantly improve technology development than
subsidies and research programs directed at manufacturers. For example, a program could
incorporate aspects of the U.S. Department of Agriculture’s Extension Agent Program, in which
knowledgeable field personnel act as liaisons between research and implementation...”

4. How the reference better defines the extent to which consumers (builders at one level, ultimately
home buyers) participate in making decisions or creating barriers:

Builders are using their experience to solve project-specific problems. Their innovations are for
low-cost and rapid implementation. Manufacturers lack the necessary field experience.

5. How the reference supports the presented conclusions with reliable and sufficient experiential
data:

The study may draw conclusions based on one technology only, the stressed-skin panel. The
author makes a small case that this technology is typical, but it may not be convincing.

6. How the reference differentiates energy and non-energy aspects of technology or system
innovation:
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Innovations are in product connections, integration with other systems, and product
improvements. Energy aspects of the technology not addressed. However, this technology
includes the integration of insulation, which should be considered energy-related.

7. Potentially important references not previously cited:

Of 46 references the following may be important:

Construction Review, (1990). U.S. Department of Commerce, (March-April)

Tatum (1986), Potential mechanisms for construction innovation, J. Construction and
Engineering Management, ASCE, 112(2), 178-191.

Technology, trade and the U.S. residential construction industry, (1986), U.S. Congress Office
of Technology Assessment, Washington, D.C.

8. Additional comments or summaries of other important information:
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Topic: Fragmentation

Reference: Slaughter, E. Sarah. 1991. "Rapid” Innovation and Integration of Components: Comparison
of User and Manufacturer Innovations Through a Study of Residential Construction. Massachusetts
Institute of Technology

Reviewer: Dbh

1. Scope and content of the reference:

This is the PhD thesis that provided the basis for the Journal of Construction Engineering and
Management article reviewed above.

2. Any theoretical model of innovation and/or barrier operation to consider based on the work:
See discussion of Journal article.
3. How the reference helps define one or more of the four relevant categories of barriers:
See discussion of Journal article.
4. How the reference better defines the extent to which consumers (builders at one level, ultimately

home buyers) participate in making decisions or creating barriers:

Three principal causes are identified to explain the far greater number of innovations from the

users than from the manufacturers:

1. The cost of user solutions is low. Ad hoc responses to problems encountered in the course of
a construction project. Rapidly fabricated using materials on hand at job site. The time from
discovery of problem to installation of solution was % day on average. User has timely
information.

2. The cost of delay for users is high and manufacturer solutions delivered to the site would
take longer. (Average delay 44 days.) Manufacturer hasn’t got timely information from
field.

The cost of regulatory approval is less for users than for manufacturers. She explains this: “the

builder either can demonstrate that an innovation meets the specified code or performance

requirement, or can provide field test evidence to the satisfaction of the local inspector. In
contrast, manufacturers delivering products can b required to provide test data demonstrating
code compliance for each locality served.” This explanation is not persuasive; the average Y. day
delay for builders cannot include any code approval, and the discussion of manufacturer
approvals appears to be ignorant of the model code evaluation services. Slaughter also relates
this to the different nature of liability between the builder and manufacturer. This discussion is
also disingenuous. Many manufacturers warranties are limited, and builders are required by code
to install per manufacturers instructions.

5. How the reference supports the presented conclusions with reliable and sufficient experiential
data:

Stressed skin panel were introduced in residential construction in 1945. Their use reportedly was
boosted by the energy crisis of the 1970s. Yet after 40 and 10 years plus respectively, this
technology in this study was used in 5,000 houses per year. This is less than 1% of the market. It
raises the question of whether it is fruitful to study a technology so weak in its diffusion.

6. How the reference differentiates energy and non-energy aspects of technology or system
innovation:
See discussion of the Journal article.
7. Potentially important references not previously cited:
The bibliography is much more extensive than in the Journal article, but not reviewed in detail.
8. Additional comments or summaries of other important information:
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Topic: Fragmentation

Reference: Bossink, B. A. G. 2002. The Development of Co-innovation Strategies: Stages and Interaction
Patterns in Interfirm Innovation. R & D Management 32, no. 4: 311-20.

Reviewer: Dbh

1. Scope and content of the reference:

This study reports on a Dutch government-driven program for innovation in sustainability in the
house building sector of the construction industry. The program encourages co-innovation by
different organizations. The research consists of study of documents, in-depth interview, and in-
depth observations.

This is a “green Operation Breakthrough.”

2. Any theoretical model of innovation and/or barrier operation to consider based on the work:

A model is described of the four stages of co-innovation strategy development: (1) autonomous
strategy making: organizations develop strategies on their own, (I1) co-operative strategy
making: organizations concentrate on developing innovation strategies in close co-operation
with other organizations, (111) founding an organization for co-innovation: organizations found a
joint organization in which they develop co-innovation programs, and (V) realization of
innovations: organizations develop innovations, based on the co-innovation strategies and
programs.

3. How the reference helps define one or more of the four relevant categories of barriers:

This is a study of a government program to overcome fragmentation, and is not directly
applicable in the U.S.

4. How the reference better defines the extent to which consumers (builders at one level, ultimately
home buyers) participate in making decisions or creating barriers:

The following participants are interviewed: local authority, architectural firm, construction
company, public housing local authority, real estate agency, consultant’s firm, and housing
corporation.

5. How the reference supports the presented conclusions with reliable and sufficient experiential
data:
That may be how things are done in the Netherlands.

6. How the reference differentiates energy and non-energy aspects of technology or system
innovation:

The study looks at the interactions between the co-operating entities, not the sustainability
innovations themselves.

7. Potentially important references not previously cited:
None of 88 references.
8. Additional comments or summaries of other important information:

It may be interesting to compare the Dutch program with sustainability programs in the U.S.
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Topic: Fragmentation

Reference: Nooteboom, B. 1994. Innovation and Diffusion in Small Firms - Theory and Evidence. Small
Business Economics 6, no. 5: 327-47.

Reviewer: Dbh

1. Scope and content of the reference:
Not available.

2. Any theoretical model of innovation and/or barrier operation to consider based on the work:

3. How the reference helps define one or more of the four relevant categories of barriers:

4. How the reference better defines the extent to which consumers (builders at one level, ultimately
home buyers) participate in making decisions or creating barriers:

5. How the reference supports the presented conclusions with reliable and sufficient experiential
data:

6. How the reference differentiates energy and non-energy aspects of technology or system
innovation:

7. Potentially important references not previously cited:

8. Additional comments or summaries of other important information:
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Topic: Fragmentation

Reference: Hutchings, D. Mark and Jay P. Christofferson. Management Practices of Residential
Construction Companies Producing 25 and Fewer Units Annually. ASC Proceedings of the 37th Annual
Conference , 149-58.

Reviewer: Dbh

1. Scope and content of the reference:

To better understand the management practices of home builders who reportedly build 11 to 25
homes per year, a survey was mailed to 1,114 of these residential contractors who were
randomly selected from the membership rolls of the National Association of Home Builders.
Topics of interest addressed by the survey included construction management, accounting and
planning, scheduling and estimating methods, software usage, and customer and employee
relations. Most of the respondents reported excellent relationships with clients; however,
relationships with employees, subcontractors, and suppliers did not seem to be as strong. It is
interesting to note that some tasks, which are easily automated, such as scheduling and
estimating, were usually completed by hand.

2. Any theoretical model of innovation and/or barrier operation to consider based on the work:
This study bears no relationship to technology innovation in housing, except for management
practices.

3. How the reference helps define one or more of the four relevant categories of barriers:

Fragmentation: It is interesting that very few small builders cultivate any relationship with
suppliers. This reinforces Slaughter on innovation by builders.

4. How the reference better defines the extent to which consumers (builders at one level, ultimately
home buyers) participate in making decisions or creating barriers:

“Good customer relations seemed to be very important to most builders. More than 75 percent of
the respondents used written specifications and held formal pre-construction meetings. For most
it was important to meet scheduled closing dates, to implements formal home demonstrations or
walkthroughs and to use detailed contracts.”

5. How the reference supports the presented conclusions with reliable and sufficient experiential
data:

This was a simple survey.

6. How the reference differentiates energy and non-energy aspects of technology or system
innovation:

Not applicable.

7. Potentially important references not previously cited:

None of 12 references.

8. Additional comments or summaries of other important information:
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Topic: Fragmentation

Reference: Yates, J. K., and Leslie C. Battersby. 2003. Master Builder Project Delivery System and
Designer Construction Knowledge. Journal of Construction Engineering and Management 129, no. 6:
p.635, 10p.

Reviewer: Dbh

1. Scope and content of the reference:

This research is concerned with construction knowledge of design professionals. It included a
survey of architecture, engineering, and construction professionals from the San Francisco Bay
Area. While not specifically state, it appears to deal with commercial construction.

2. Any theoretical model of innovation and/or barrier operation to consider based on the work:
Innovation is not addressed.
3. How the reference helps define one or more of the four relevant categories of barriers:

This report includes “construction industry fragmentation” in its abstract, which is probably how
it was selected. However, what it means by fragmentation is the separation of the design and
construction functions. Not really relevant to this study.

4. How the reference better defines the extent to which consumers (builders at one level, ultimately
home buyers) participate in making decisions or creating barriers:

Not applicable.

5. How the reference supports the presented conclusions with reliable and sufficient experiential
data:
The concept of “master builder” is somewhat ambiguous.

6. How the reference differentiates energy and non-energy aspects of technology or system
innovation:
Not applicable.

7. Potentially important references not previously cited:
None of 20 references.

8. Additional comments or summaries of other important information:

The training of designers in technology is done mostly through professional associations and
trade associations.
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Topic: Fragmentation

Reference: 2001. Supply Chains in Residential Construction, Research Series Report 03. AZ Path, Del E.
Webb School of Construction, Tempe, AZ.

Reviewer: Dbh

1. Scope and content of the reference:

The purpose of this paper was to explore two significant supply chains in residential
construction, lumber and roof tile, and map them using standard supply chain map symbols. A
second goal was to analyze the supply chain, suggest possible improvements, and finally test
those suggestions. First of all, a review of literature briefly explains supply chains, supply chain
management, and integrating suppliers. Then a description is provided on how supply chain
management has applications in the construction industry, especially in the residential arena.
The research consisted of interviews with a homebuilder, subcontractors, distributors, and
suppliers. The information gathered was used to produce a supply chain map of both lumber and
roof tile. An analysis on how lumber prices are determined between the homebuilder and the
framing subcontractor is done. An Excel simulation was designed and executed with several
different pricing scenarios and price determination techniques. The aim of this model was to
explore whether a strategic alliance is a beneficial option for these two organizations. The
results...suggest considerable advantages for both organizations.

2. Any theoretical model of innovation and/or barrier operation to consider based on the work:

This report examines conventional products and suggests that supply chain models for
conventional products are very variable. For innovations, not addressed in this study, they are
probably indeterminate.

3. How the reference helps define one or more of the four relevant categories of barriers:

No direct help. The study may imply that innovators forced to obtain materials for innovative
products through traditional material supply chains may not be able to realize the full cost
advantages of their innovations due to markups throughout the chain, but this is hypothetical.

4. How the reference better defines the extent to which consumers (builders at one level, ultimately
home buyers) participate in making decisions or creating barriers:

Not applicable.

5. How the reference supports the presented conclusions with reliable and sufficient experiential
data:
This is a very theoretical study.

6. How the reference differentiates energy and non-energy aspects of technology or system
innovation:
Doesn’t address innovation.

7. Potentially important references not previously cited:
None of the four references, all of which are related to PATH.

8. Additional comments or summaries of other important information:
It would have been interesting to superimpose a wood or tile innovation onto the supply chain
models.
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Fragmentation Bibliography (and anticipated usefulness score)

Fragmentation Articles

Score

Blackley, D. M. and E. M. Shepard. 1996. The Diffusion of Innovation in Home
Building. Journal of Housing Economics 5, no. 4: 303-22.

Slaughter, E. Sarah. 1993. Builders as Sources of Construction Innovation. Journal of
Construction Engineering and Management 119, no. 3: 532-49.

Slaughter, E. Sarah. 1991. "Rapid Innovation and Integration of Components:
Comparison of User and Manufacturer Innovations Through a Study of Residential
Construction." Massachusetts Institute of Technology.

Bossink, B. A. G. 2002. The Development of Co-innovation Strategies: Stages and
Interaction Patterns in Interfirm Innovation. R & D Management 32, no. 4: 311-20.

Nooteboom, B. 1994. Innovation and Diffusion in Small Firms - Theory and Evidence.
Small Business Economics 6, no. 5: 327-47.

Hutchings, D. Mark and Jay P. Christofferson. Management Practices of Residential
Construction Companies Producing 25 and Fewer Units Annually. ASC Proceedings of
the 37th Annual Conference , 149-58.

Yates, J. K., and Leslie C. Battershy. 2003. Master Builder Project Delivery System and
Designer Construction Knowledge. Journal of Construction Engineering and
Management 129, no. 6: p.635, 10p.

Chiang, Yat-Hung and Bo-Sin Tang. 2003. Submarines Don’t Leak, Why Do
Buildings?” Building Quality, Technological Impediment and Organization of the
Building Industry in Hong Kong. Habitat International 27, no. 1: 1-17.

Kale, Serdar and David. Arditi. 2002. Competitive Positioning in United States
Construction Industry. Journal of Construction Engineering and Management 128, no.
2: 238-41.

O'Brien, W. J., L. Soibelman and G. Elvin. 2003. Collaborative Design Processes: An
Active and Reflective Learning Course in Multidisciplinary Collaboration. Journal of
Construction Education 8, no. 2: 78-93.

Puddicombe, Michael S. 1997. Designers and Contractors: Impediments to Integration.
Journal of Construction Engineering and Management 3, no. 3: p 245, 8 pp.

Stock, G. N., N. P. Greis and W. A. Fischer. 2002. Firm Size and Dynamic
Technological Innovation. Technovation 22, no. 9: 537-49.

Tatum, C. B. 1989. Organizing to Increase Innovation in the Construction Firm. Journal
of Construction Engineering and Management 115, no. 4: 602-17.

Tether, B. S. 2002. Who Co-operates for Innovation, and Why - An Empirical Analysis.
Research Policy 31, no. 6: 947-67.

Fragmentation Dissertations

Pflueger, John C. 1991. "A Design Method for Cross-Disciplinary Coordination and
Innovation (Construction Industry)." Massachusetts Institute of Technology.

Fragmentation Reports

2001. Supply Chains in Residential Construction, Research Series Report 03. AZ Path,
Del E. Webb School of Construction, Tempe, AZ.
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Appendix A: Literature Review Summary Sheets
Education

Topic: Education

Reference: Laborde, Maria and Victor Sanvido. 1994. Introducing New Process Technologies into
Construction Companies. Journal of Construction Engineering and Management 120, no. 3: 488-508.
Reviewer: GKH

1.

Scope and content of the reference:

A 1994 paper prepared by authors from Eli Lilly and Penn State University with funding from
the National Science Foundation. This paper focuses on diffusion of innovation within a
construction company: “how does a construction company break away for its traditional ways
and introduce a new technology.” The paper consists of six main parts:
1) Definition of key terms related to innovation.
2) Review of 5 existing models to describe innovation within a firm:
B Rogers (1983)
W Shaffer (1985)
B Tatum (1987)
B Construction Industry Institute (Cll)/Haggard (1991)
B de la Graza and Mitropoulos/ T* (1991)
3) Selection of 6 case studies of successful innovation as the basis for a new model (interview
data)
4) Presentation of a new 4-step Innovation Process Model:
B Step 1: Identification
B Step 2: Evaluation
B Step 3: Implementation
B Step 4: Feedback.
5) Application of the new model to both a small and a large contractor.
6) A proposal for a new organization to promote construction excellence (PACE).

Any theoretical model of innovation and/or barrier operation to consider based on the work:

Five previous models of diffusion were briefly but effectively described.
A new model for implementing the innovation process into both large and small construction
firms is proposed.

How the reference helps define one or more of the four relevant categories of barriers:

Education and Risk are both discussed in describing how both a large and a small construction
firm look at innovation. They are not defined strictly as barriers. Neither fragmentation nor
cultural values are addressed.

How the reference better defines the extent to which consumers (builders at one level, ultimately
home buyers) participate in making decisions or creating barriers:

This paper focuses solely on the construction firm. The authors list three motivations for
innovation on a specific project:

1) “To solve a problem that has not been identified before;”

2) *“To keep the company competitive in the marketplace;” and

3) “To have the company be recognized as a leader in the industry.”

How the reference supports the presented conclusions with reliable and sufficient experiential
data:

Interview results from the six case studies used to prepare the author’s model are well presented
in tables and figures. The data is both simple and compelling.

How the reference differentiates energy and non-energy aspects of technology or system
innovation:
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The paper focuses on innovation in construction firms entirely. Energy is not addressed.
7. Potentially important references not previously cited:

Specific references for the five previous models reviewed are provided.
8. Additional comments or summaries of other important information:

This is an excellent summary of diffusion models form the 1980s and early 1990s.
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Topic: Education

Reference: Mead, Stephen P. 2001. Developing Benchmarks for Construction Information Flows. Journal
of Construction Education 6, no. No. 3: 155-66.

Reviewer: Wiw

1.

Scope and content of the reference:

Information flows in construction include design and technical data, contractual arrangements,
and information to manage and control the process. Time frames for transmission, receipt, and
action response are increasingly compressed. The study presents an approach to benchmarking
information flows in construction—identifies key information components and outlines an
approach to analysis—to monitor and improve the efficiency of construction communications.
(The study is geared to commercial construction but may provide insights to homebuilding
communications.)

Any theoretical model of innovation and/or barrier operation to consider based on the work:

The essence of benchmarking is measurement of a given process against an identified standard.
In construction, benchmarking can be accomplished by measuring the process cycle times of
specific information flows. Once established, cycle times may be monitored and improved.

Information is defined as the data and messages transmitted between people within a
communication network. In the ‘resource’ model of information, information can be created,
transmitted, stored and received like material on a assembly line. Much of construction
information fits this model and remains relatively static throughout the process. In the
‘perception’” model, information is seen as dynamic and constantly undergoing interpretation
(often differently) by users of the information. The way information is handled is affected by the
perspective of the user.

Construction information can be classified in 3 categories: technical information (designs and
technical evaluations that define a building); commercial information (contract and cost details);
and management and control information (logs, design changes, and schedules).

How the reference helps define one or more of the four relevant categories of barriers:

Information benchmarking may “help improve productivity, reduce project durations, and
improve communication performance.”

How the reference better defines the extent to which consumers (builders at one level, ultimately
home buyers) participate in making decisions or creating barriers:

A matrix arraying cumulative frequency of information needs versus information users may
provide insight to information priorities.

How the reference supports the presented conclusions with reliable and sufficient experiential
data:

A single case study example was developed for analysis. The case was narrowly defined.

How the reference differentiates energy and non-energy aspects of technology or system
innovation:

Not applicable.

Potentially important references not previously cited:

None noted.

Additional comments or summaries of other important information:
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Topic: Education

Reference: Nadel, Barbara A. Building Products: How Architects Find Ideas and Information.
Architectural Record: Advertising Supplement provided by McGraw-Hill,
[http://archrecord.construction.com/ resources/conteduc/archives/0312sweets-1.asp.]
Reviewer: GKH

1. Scope and content of the reference:

This short article in an advertising supplement to Architectural Record is a brief but interesting
look into the specific subject of how Architects find information. The article is based largely on
a 2003 survey by an unnamed “national market research company” and by anecdotes from
architects interviewed for the piece.
It is very useful as a sort of checklist for all of the various outlets for information that might be
used to educate this important segment of the homebuilding industry. Sources of information
discussed include:

*[] Print Catalogues

*[] Manufacturer Websites

[] Libraries: Real and Virtual

*[] Sales Representatives

*[] Trade Shows and Conventions

*[] Publications

[] Office Seminars

*[] Clients

*[1 (Formal) Education or Classes, and

*[] Product Related Litigation.

2. Any theoretical model of innovation and/or barrier operation to consider based on the work:
No models were addressed in this work.

3. How the reference helps define one or more of the four relevant categories of barriers:
Although barriers were not addressed directly, time limitations on building designers can
certainly be inferred as a barrier to education from reading the piece. For example, “the search
for product information lasts an average of 19.4 minutes.”

4. How the reference better defines the extent to which consumers (builders at one level, ultimately
home buyers) participate in making decisions or creating barriers:

This article does not address builders or homebuyers. It does define architects as key decision
makers in the design and construction process.

5. How the reference supports the presented conclusions with reliable and sufficient experiential
data:

The data presented in the article is interesting and amusing but it is not highly reliable. There is
no discussion of how the data was collected.

6. How the reference differentiates energy and non-energy aspects of technology or system
innovation:

Energy was no addressed in this article.
7. Potentially important references not previously cited:
None.
8. Additional comments or summaries of other important information:

This article is light but sobering in addressing the many sources but little time architects have to
find product information.
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Topic: Education

Reference: Burnett, Eric, Jr. and Robert W. Buddenbohn. 1999. Training and Education Needs
Assessment for the Home Building and Remodeling Industry in Pennsylvania, Pennsylvania Housing
Research Center, University Park, PA

Reviewer: GKH

1. Scope and content of the reference:
Developed in 1999 at one of the PATH supported National Consortium of Housing Research
Centers, Penn State, this study is really a thoughtful attempt to define a badly needed research
effort into the educational, training, and technology transfer needs of the homebuilding industry.
With limited funds available, the authors focused on the needs of Pennsylvania as a model of
what is needed throughout the US. After concluding that no report or document contained
reliable data that could be used for comprehensive planning, the authors contacted over 90
individuals to obtain an overview of the current situation and need for education in the industry.
2. Any theoretical model of innovation and/or barrier operation to consider based on the work:
Although not a full blown theoretical model, the authors do present “eight stages of knowledge
and skill development” as the basis for further research:
1) Awareness of the building industry/career opportunities,
2) Basic knowledge and life skills,
3) Trade-related basic knowledge and skill development,
4) Trade-related intermediate knowledge and skill development,
5) Trade-related advanced knowledge and skill development,
6) Supervisory knowledge and skill development,
7) Business/entrepreneurial knowledge—basic, and
8) Business/entrepreneurial knowledge—industry-specific.
3. How the reference helps define one or more of the four relevant categories of barriers:
This entire document addresses the barrier of Education. In passing it also deals somewhat with
the barrier of Fragmentation.
4. How the reference better defines the extent to which consumers (builders at one level, ultimately
home buyers) participate in making decisions or creating barriers:
This topic is not really addressed in this study.
5. How the reference supports the presented conclusions with reliable and sufficient experiential
data:
The point of the study is that not enough reliable data exists to even discuss the construction
industry education needs in Pennsylvania. However, in trying to outline an approach to tackling
the problem, the authors consult with over 90 individuals and present a highly credible proposal
for needed research on this topic. The sections on “Training and Education Competency Needs”
(p. 123) and the Appendix with survey responses by trade and sub-trade are particularly good.
6. How the reference differentiates energy and non-energy aspects of technology or system
innovation:
This study deals completely with education needs of the construction industry.
7. Potentially important references not previously cited:
The 3-page Bibliography provided in the Appendix is an excellent summary of what is currently
available even though, unfortunately, the authors conclude that it is too little and too out of date.
8. Additional comments or summaries of other important information:

Appendix A: Literature Review Summary Sheets, Education A-42



Education Bibliography (and anticipated usefulness score)

Education Articles

Score

Laborde, Maria and Victor Sanvido. 1994. Introducing New Process
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Flows. Journal of Construction Education 6, no. No. 3: 155-66.
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Accelerate Technology Diffusion? Technological Forecasting and Social
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Appendix A: Literature Review Summary Sheets
Industry Participant Preferences

Topic: Industry Participant Preferences

Reference: Torbica, Zeljko M. and Robert C. Stroh. 2001. Customer Satisfaction in Home Building.
Journal of Construction Engineering and Management 127, no. 1: 82-86.

Reviewer: Wiw

1.

Scope and content of the reference:

New residential housing spending is greater than $200B annually. 1.2M-1.5M new units needed
annually to meet population growth demand (augmented by government promotion of home
ownership as a societal goal). Home builders are focusing on customer satisfaction to gain
competitive advantage. Study seeks to identify variables affecting home-buyer satisfaction,
relative weights, and what improvements would have greatest impact.

Traditionally, company performance was based solely on “completion within schedule and
budget.” Recently, quality and customer satisfaction have been added to financial metrics as
measures of company performance.

Regression analysis indicates that 70% of the variation in overall home-buyer satisfaction is
attributable to variation in design, quality, and service variables.

Any theoretical model of innovation and/or barrier operation to consider based on the work:

A home-buyer satisfaction model consisting of 3 components is proposed: product performance,
as represented by both house design and house quality, and service performance (customer
service provided by the builder before, during, and after product delivery). The model assumes
that satisfaction encompasses the experience surrounding acquisition in addition to the product
itself. Often service is overlooked as an element of what a firm is selling. The components are
independent in that performance in one aspect does not compensate for lack of performance in
the others.

How the reference helps define one or more of the four relevant categories of barriers:

Current literature suggests product and service performance and customer expectations as
prerequisites to customer satisfaction. In construction, customer satisfaction is known, if at all,
only very late or after completion of product delivery.

How the reference better defines the extent to which consumers (builders at one level, ultimately
home buyers) participate in making decisions or creating barriers:

A survey instrument consisting of 51 separate measures was developed. After examination of
reliability and validity of the measures, a Likert-type scale was employed to represent the range
of possible responses to each. Measures outside home builder control (competitor strength, for
example) were excluded. 16 of 20 randomly selected builders from 50 largest Florida builders
participated in ensuing survey. Overall satisfaction was not directly assessed, but inferred from
scores on 3 dimensions described above design, quality, service).

Regression indicates that the service component has the greatest impact on overall satisfaction,
about twice the influence of design factors, three times that of quality factors. Conversely,
consumers are least satisfied with service, followed by quality, and most satisfied with house
design factors.

How the reference supports the presented conclusions with reliable and sufficient experiential
data:

Comprehensive survey and significant response rate.

How the reference differentiates energy and non-energy aspects of technology or system
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innovation:

Not applicable.

Potentially important references not previously cited:

Esccles, Maloney (16 in all)

Additional comments or summaries of other important information:
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Topic: Industry Participant Preferences
Reference: McNulty, Maureen. 2003. The Anatomy of Innovation. Professional Builder 68, no. 6: 47-50.
Reviewer: W

1. Scope and content of the reference:
Case study of small-scale builder innovation focusing on energy technologies and performance.
2. Any theoretical model of innovation and/or barrier operation to consider based on the work:
None.
3. How the reference helps define one or more of the four relevant categories of barriers:

Alludes to the difficulty in communication and collaboration among on site trades when
integrating innovation with standard practices. Guidance is surprisingly general in nature and
simplistic given apparent builder audience (adoption of innovation involves complex business
decisions regardless of firm scale?).

4. How the reference better defines the extent to which consumers (builders at one level, ultimately
home buyers) participate in making decisions or creating barriers:

Reinforces notion of strong builder role in implementing nearly continuous incremental
innovation on-site.

5. How the reference supports the presented conclusions with reliable and sufficient experiential
data:
None.
6. How the reference differentiates energy and non-energy aspects of technology or system
innovation:
Almost exclusively energy technology focused (somewhat surprising given PATH as source).
7. Potentially important references not previously cited:
None.
8. Additional comments or summaries of other important information:
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Topic: Industry Participant Preferences

Reference: Sirmans, G. Stacy, Kenneth G. Bacheller and David A. Mcpherson. 2003. The Value of
Housing Characteristics, National Center for Real Estate Research, National Association of Realtors,
Washington, DC.

Reviewer: Wiw

1. Scope and content of the reference:
Property value is affected by physical characteristics and location, conditions of sale, market
conditions, and financing. Hedonic regression analysis is used to explain value as well as
estimate it. (Hence, valuation of characteristics may be considered an objective measure of
buyer preferences.) Oaxaca decomposition determines the extent to which property price
differences in different areas result from differences in characteristics or differences in pricing
of characteristics.

2. Any theoretical model of innovation and/or barrier operation to consider based on the work:
The study evaluated ~29k transactions and develops an empirical model to estimate the value of
a number of property characteristics.

3. How the reference helps define one or more of the four relevant categories of barriers:
Indirectly only. Cultural values as represented by buyer preferences.

4. How the reference better defines the extent to which consumers (builders at one level, ultimately
home buyers) participate in making decisions or creating barriers:
A limited number of products/systems are recognized as characteristics within the study,
perhaps implying that innovations may rarely elevate to buyer concerns that will affect property
valuation and price. Included are exterior finish, roof material and pitch, wiring capacity, HVAC
and cooking fuels, ceiling and attic fans, water treatment, security and cable TV systems, floor
surfaces, and kitchen appliances.

5. How the reference supports the presented conclusions with reliable and sufficient experiential
data:
Comprehensive data and analysis.

6. How the reference differentiates energy and non-energy aspects of technology or system
innovation:
Not applicable.

7. Potentially important references not previously cited:
Extensive, though unlikely directly applicable (~180 references in all).

8. Additional comments or summaries of other important information:
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Topic: Industry Participant Preferences

Reference: Koebel, Theodore. 2003. The Diffusion of Innovation in the Residential Building Industry,
Virginia Polytechnic and State University, Blacksburg, VA

Reviewer: Wiw

1. Scope and content of the reference:

Seminal study with implications across many topics—cultural values aspect of results focuses
on builder preferences, communication, and innovation adoption practices. Industry
concentration, while often described as diffuse, exhibits classic Pareto distribution, largest 20%
of firms produce 80% of new housing. (Trend appears to be toward increasing concentration as
large firms become larger, largest 10% produce 66%?) Recommends research and promotion
targeting extended to early adopters and early majority even though representing up to 50%
penetration. (Can this level of adoption support ‘innovation’ characterization?)

2. Any theoretical model of innovation and/or barrier operation to consider based on the work:

Bass diffusion model (s-curve distribution). Rogers’ model of innovation adoption: innovators,
early adopters, early majority, late majority, laggards. Rogers’ and Shoemaker’s information
awareness model: awareness, interest, evaluation, trial, adoption.

3. How the reference helps define one or more of the four relevant categories of barriers:

Demographic information may be useful for fragmentation. Builder preferences will be
determinant in evaluating (builder) cultural values.

4. How the reference better defines the extent to which consumers (builders at one level, ultimately
home buyers) participate in making decisions or creating barriers:

Innovation information sources rated influential to highly influential: sales/supplier reps, 84%;
subcontractor advice, 75%; trade publications, 67%; homebuyers, 60%; other builders, 59%.
Segmented further by stage of diffusion.

Highest rated benefits of innovations: quality compared to alternatives, reduced call-backs,
compatibility with preferred practices, and consumers’ preferences.

Highest rated potential problems: initial cost, continuing cost, acceptance by inspectors, and
uncertainty/risk.

Analysis of diffusion of construction technologies shows dramatic increases for ten technologies
tracked by the NAHB annual builder practices survey. Comparison of average prices shows cost
above average for 8 of ten technologies.

5. How the reference supports the presented conclusions with reliable and sufficient experiential
data:

Robust and comprehensive survey, multivariate analysis, and report of results. However, data
tables seem more fruitful than the combination variable analysis and conclusions for higher and
lower levels of adoption. The sample was not stratified by firm size, which may be very
important to ultimate rate of adoption of innovation (Pareto and demographics)—it may be
instructive to revisit the data and weight responses by number of employees or annual house
production.

6. How the reference differentiates energy and non-energy aspects of technology or system
innovation:

Not applicable.

7. Potentially important references not previously cited:

Bass, Rogers (~80 in all).

8. Additional comments or summaries of other important information:
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Industry Participant Preferences Bibliography (and anticipated usefulness score)

Preferences Articles

Score

Torbica, Zeljko M. and Robert C. Stroh. 2001. Customer Satisfaction in Home
Building. Journal of Construction Engineering and Management 127, no. 1: 82-86.

McNulty, Maureen. 2003. The Anatomy of Innovation. Professional Builder 68, no. 6:
47-50.

Brown, M. A. 1980. Attitudes and Social Categories - Complementary Explanations of
Innovation-Adoption Behavior. Environment & Planning A 12, no. 2: 175-86.

Brown, M. A. 1983. Understanding Residential Energy-Conservation Through
Attitudes and Beliefs. Environment and Planning A. 15, no. 3: 405-16.

Brown, M. A. 1984. Change Mechanisms in the Diffusion of Residential Energy-
Conservation Practices - An Empirical-Study. Technological Forecasting and Social
Change 25, no. 2: 123-38.

Preferences Books

NAHB Economics Group. 2001. What 21st Century Home Buyers Want: A Survey of
Customer Preferences. Washington, DC: National Association of Homebuilders.

(na)

Preferences Reports

Sirmans, G. Stacy, Kenneth G. Bacheller and David A. Mcpherson. 2003. The Value of
Housing Characteristics, National Center for Real Estate Research, National
Association of Realtors, Washington, DC.

Sirmans, G. Stacy, Kenneth G. Bacheller and David A. Mcpherson. 2003. The
Composition of Hedonic Pricing Models, A Review of the Literature, National Center
for Real Estate Research, National Association of Realtors, Washington, DC.

added

Koebel, Theodore. 2003. The Diffusion of Innovation in the Residential Building
Industry, Virginia Polytechnic and State University, Blacksburg, VA

added

Appendix A: Literature Review Summary Sheets, Industry Participant Preferences

A-49




Appendix B: Seat by Area

For “Risk as a Barrier to Innovation,” eight critical seats at the table were identified, with builder
perspectives represented by both national and regional firms.

*[] Seat #1-Community Advocacy Group (Architectural Review Board)

*[] Seat #2- Errors and Omissions Insurance for Architects and Engineers

*[] Seat #3-Manufacturer: Legal/Insurance/Finance

*[] Seat #4-Evaluation/Testing/Codes

*[] Seat #5-Supplier/Wholesaler

*[] Seat #6a-National Builder, and Seat #6b-Regional Builder

*[] Seat #7-Inspection Services

*[] Seat #8-Academic/Operations Research

Risk ‘Seats’

LAND DEVELOPMENT STAGE DESIGN STAGE PRE-CONSTRUCTION STAGE CONSTRUCTION STAGE POST-CONSTRUCTION STAGE
1 T |
Community and Plans, custom o H
advocacy groups production house: ' Renovation and
! rehabiltation
4 ! : !
v
Lang lopment Desin Peconsngion [ e ‘Corfetruction 6 Post.construction
-
[ o Excavation Purchase by owner
§ Acqisiion Floor pln, ot layout Selection of homebuiider y
H i / Foundation Financing and
i Basic specifications Selection of trade contractors — \y insurance
! e ) - Structure Purchase durables and
se planning an _ § §

i subdivision m:" Basic cost analysis e—> Sequencing and schecing (5 — s :ms:y e
1 . plumbing, e by owner (esidence
i - Specty options Select and order materials electrical, efc. of rental)
! Rough grading and i i
| fen ) — e gl
i construction builder senvices
H
! Certficate of use and Operation and 7
"""""""" occupancy maintenance

Zoning review Permits and inspections. Plotand Research Design  g—p Evaluation Suppliers o J Application for permits, Inspections, final 4I

and approval for infrastructure subdivision improvements wholesalers plan review and approval, inspection
constnuction approval 4 pemitinsurance
Product and Testing and Manufacturers,
materel ¢ cerication material suppliers, Code development
improvements. A 3 pre-fabricators and adoption
3 ~ A
A,

Academic/Operations
Research

For “Preferences as a Barrier to Innovation,” eight critical seats at the table were identified:

*[] Seat #1- Owner Advocate/Appraiser

*[] Seat #2- Designer/AE

*[] Seat #3- Supplier (Shipper/Wholesaler/Retailer)
*[] Seat #4- Manufacturer: Market Research

*[] Seat #5-Trades/Unions Representative

*[] Seat #6- Builder

*[] Seat #7- Consumer Protection (CPSC)

*[] Seat #8-Academic/Operations Research
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Preference ‘Seats’

material supplers,

LANDDEVELOPMENTSTAGE DI GTAGE T R G ONETRUCTION STAGE ... CONSTRUCTION STAGE POST-CONSTRUCTION STAGE
P
1 - T \
Community and Plans, custom o o .
advocacygroups production house: ) Rerivatiop and
' rehabilitation..,
¢ I} '
v | -,
¥ =,
Lond Devehopment Design Peconstugion | e Rineion O Post-consiuction s, <
.....
;TS Excavation Purchase by buner. 1
! Acquision Buider Fioor plan, ot layout Selection of homebuikder E
i hired 7 Foundation Financing and
H - Basic speciicatons Selecton of rade contractors . \/ insurance
! Use planring and Stucture 5 Purchase durables and
§ e panina Soldto Buider Basic cost analysis Sequencing and schefliing S 6 “—> o
H onner hired HVAC, pluribing, Use by owner (residence
i
! - Specty options Select and order materials electrical, etcS or rental)
! Rough graing and .
} infiastcture Sadto Finishig: et Warany, clainand
+ construction builder services
Certcate of use and Operatonand 7
"""""""" occupancy maintenance:
Zoning review Pemits and inspections Plotand Research ~ Design_g—p Evaluation Suppliers or Application for permits, Inspections, final 4I
and approval for infrastructure subdivision improvements wholesalers plan review and approval, inspection
construction approval T 2 T pemitinsurance
Product and Testing and Manufacturers, T
material certification

improvements

pre-fabricators

and adoption

Code development

4

AcademiciOperations
Research

For “Education/Communication as a Barrier to Innovation,” eight critical seats at the table were

identified:

*[] Seat #1- Media: Real Estate

*[] Seat #2- Specifier

*[] Seat #3- Trades/Unions

*[] Seat #4- Evaluation/Testing/Codes

*[] Seat #5- Supplier (Buyer)

*[] Seat #6 - Builder

*[] Seat #7- Learning Specialist

*[] Seat #8-Academic/Operations Research
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OVERCOMING BARRIERS

Education/Communication ‘Seats’

LAND DEVELOPMENT STAGE STRUCTION STAGE POST-CONSTRUCTION STAGE
L~
Cnmmurutyandl Plans, custom or ‘
advocacy groups production house Renovation and
t l rehabiltation
™|
Land Development Desian Pre-construction Construction Post-construction
Excavation Purhase by owner L
Acqisiton Buider Fioor plan,lotlayout Selection of homebuikder
hired Foundaion Financing and
Basic specifications Selection of trade contractors Insurance
e ) stucwre 3 Purchase durables and
se planning an ] "
il Builder Basic cost analysis shecing 6 > v
hired HVAC, plumbing, Use by owner (fesidence
soecly opons Select and order materials electrical, etc. or rental)
Rough graing and ! L
infrastructure sodto 2 ::::'n"r“ Interior Wartanty, laims, and
construction builder senvices
Certficate of use and Operation and
""""""" occupancy maintenance
Zoning review pemits and inspections Plotand Research Design g—p Evaluation Supplirs or Applcation for permits, Inspections, ina 4I
and approval for infrastructure subdivision improvements wholesalers plan review and approval, inspection
construction approvel T 4 pemit insurance
Product and Testing and Manufactuers,
material % cenication material suppliers, Code development
improvements A pre-fabricators and adoption

8 7

AcademiciOperations
Research
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OVERCOMING BARRIERS

Appendix C: Innovation Presentations
Risk Panel, DuPont Housewrap Flashing

RILLN

Flashing Systems

)

Housewrap Flashing Systems:
Fenestration

Risk As A Barrier To Ii jon In The Housing Industry
— HUD/PATH Expert Panel Presentation
Hilton Embassy Row, Washing D.C.

October 20-21, 2004

o En

Try To Manage Innovation Risks From A
Balanced Mitigation Approach:
* Market (Financial & Volatility) Risk —
= Market Research & Surveys
« Customers & Consukants Input
+ Competitive Analysis & Monitoring Liziglous Activity
» General Code & Reglonal Trending
= Focus Group Prototype Refinement. Test Sarmlng & Valdation
* Performance & Liability Risk —
= Customer Requirements & Addrassing Current Product Limitationsfssues
= Exceeding Current Code & ASTM Minimums; Materials Undersianding
« Exiensive Laboratory & Fleld Systems Testing At All Development Stages
. 'Praonng' instalation Methodoiogy & Roobustness

« Product Instalagon & “Trade® Sequencing impact
Flashing Systoms

gt £ s o A sk g

Tested Systems

B P
l‘ [
é — 4
{em— pr—
T — /7_/ = =
[— — —
[R——
—

* Windows and Walls are usually tested separately

* They should be tested as installed units
':M‘m TR L s e S d | s

Outline

= Goal — Answer Six Barrier Hypotheses
* DuPont’s Journey Into Housing Innovation

« Chance Favors Only The Prepared {Open) Mind
« Specific Fenestration Developments

« Flashing Opportunity - Windows

- Define, Develop, Test, Validate & Retest
. Ll s At
+ Unforeseen Issues Example

« Code Interlude
« Managing Performance & Suitability (Market App) Risk

.« ~A Large Manufacturer’'s Perspective
Fashing Systenes

ot £ 1 e & s ek s

DuPont Weatherization Systems
Product Introduction Timeline

Bl o

Home'Wrap®

> P ‘ .
i A=

BMU00OWTEDE W Camed was Cums StraightFiacn™
A~ ey

|
| | | | | | |
1eos 1996 1937 1998 1983 2000 2001 2002 2003

Note: Origihal Tyvex® "HouseWrap® Introduced In 1950

ot £ 1t e s ks

Flashing Helps Prevent Damaging
Moisture Intrusion.

If installed correctly

gt £ | & s e s
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OVERCOMING BARRIERS

Market Risk Mitigation:
Understanding Market g i

Focus Groups
Current Situation

Focus Groups
Value Proposition for
Development
Candidates

& sills are problem areas

Fashing Systams

g £ o s v

Market & Performance Risk Mitigation via
Systematic Product Development Process

Builder/Installer Opinions on

Foces Gloups Current Products
+
Diagnostic Analysis of Current Products/
Wa |L| Test Installation Methods
R&D O} Development Candidates

I
v

Focus Groups E} Value Proposition, Likes/Dislikes

I3
Performance = Performance of New Product vs.
Wall Test Current Products

gt £ & i S s s

Understand Current Window Installation &
Flashing Details: Diagnostic Wall Test

@ FExisting materials
= Polyethylene coated paper / non-adhesive
= Bitumen
@ Existing methods
» 2-D (Fange) flashing
= 3-D (Wrapped Opening) flashing
= Windows installed before and after weather
barrier

Copragh £ it K sk o)

Market Opportunity For
Improved Flashing?

% Water intrusion at windows and doors
is a serious issue
» Major source of litigation / new legislation
= Majority of problems related to improper installation

# Strong fit with Tyvek® Weatherization Systems
offering and core focus

# Requested by our customers.

% Large Market Space w/ no clear market leader

Fashing Systams

ot 1 P s s

Performance Risk Mitigation: Concurrent Development of
Flashing Material and Installation Method

Focus Group Concept
Evaluation

Material and Process Development
Installation Development

Dlagnostic Wal Test - Performance Testing

of Material /
Standard Insiakation Techniques instagaion Svstem

ErssmEsEsmsEmEEEEaE

Traditional Window Flashing
Methods

ASTM E2112 Base Method - Bar

¥

)

rier System

o o e e gt

Appendix C: Innovation Presentations, Risk Panel, DuPont Housewrap Flashing C-2



OVERCOMING BARRIERS

2-D Flashing / Caulked Bottom
Flange

4"

Our In

Barrier System Caulking and Flashing does
not “forgive” leaks at the window and
window-wall interface

Benchmarking Test - Key Learnings

# Framing Quality Can Create Inconsistencies
% Ease of Working w/ Materials Impacts Mistakes

& Exterior Caulk Fails Over Time.. Flashing Should be
Tested Without Cladding

4 Sequence to Minimize #'s of Holes in Flashing
= Window Before Jamb Flashing
= Minimize Fasteners on Window Jamb

# “Failures” Result in Water at Bottom Comers
= Need Most Protection
= Difficult to Cover without seams/holes

‘Fashing Systoms

gt £ s o A sk g

But. .. there are also Concerns about
Self-Adhered Flashing (SAF) Products

~ "It doesn't always stick” (many examples of SAFs falling of f the
wall)

# "How do I krow SAFs are still working effectively behind the siding
after many years of thermal cycles & environmental exposure?”

» Self-Adhered Flashings can coze and result in staining cledding
surfaces & interactions with caulk

# Lack of ¢ standard for matericl properties - anything can be o SAF

7 Lack of o standard for installation conditions to ensure performance]

s £ ¢ it o N sl o)

Market Wants Easy-to-Use, Forgiving System:
Advantages Self-Adhered Flashings....

When installed and used properly, Self-Adhered
Flashings:

» Provide a broad moisture seal at the window-
wall inferface (extension of the sealant)

» Are easy to install (peel and stick)

» Are versatile for many different installation
methods and openings (shapes / sizes / efc)

# Maintain their seal through joint movement
between dissimilor materials (durable fopsheet)

» Provide a much more durable seal than a caulk
Jjoint (which is the basis for non-SAF methods)

Fashing Systems

gt £ 1t e s

- support on site
Rashing

Mitigating Performance Risk:
Keys to Successful Use of Self-Adhered Flashing Products

~ Continuity of window-wall interface

~ Shingling / lapped correctly

~ Installed Systems Testing: window-wall
installation as a complete system

~ Moisture Management: Provide a Drainage
Path for leaks

~ Installation conditions (real life) that
promote adhesion

~ Material choice - durability & robustness
~ Education: Provide hands-on training &

gt £ | & s e s
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OVERCOMING BARRIERS

DuPont Flashing Systems

@ DuPont FlexWrap™ was commercialized in
Feb of 2001
= Primary application is for sills, round top and
custom shapes

# DuPont StraightFlash™ commercialized June
2002
+ Designed to complement FlexWrap™ and be used where
conformability is not required
+ 4" product designed to flash the jambs and heads of
rectangular window

-

Fashing Systams

N £ i s . s e

DuPont StraightFlash™

~| Complementary product
to complete system i
Designed for straight
runs where
conformability is not
required

~ Consists of non-elastic
laminate and butyl
adhesive

Detailed Installation Techniques

Example: Flanged window / wood
frame after the weather resistive
barrier has been installed.

DuPont FIexWrap”

N 17 :

uu IJU  Flexes to conform or mold
g & to any geometric shapes

Flashing Systams PR 8 P S

3-D Flashing / Bottom Flange Not
Caulked

No Caulk o
Bornom
Flange
Our In
Modified “I-Cut” Method
a L] L
WnE
Tyvek
a L ] L]
WY
Tyvek
T wr————
s e L ]
AR
Tyvek
oMl ) ] ® ® @ ° ®
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OVERCOMING BARRIERS

Modified "I-Cut” Method

A £ i s s e

- TII——
Modified “T-Cut” Method
L ] s L ] L ]
A \" an
Tvvek"&\‘ ——( Tvvelg
L ] L ] L ] L
e #%
Tyvek Tyvek
@ e L ] L J
AW [ AW
Tyvek | [ Tywew— | | Tywek
Z 2 ) ® ® ® s e
M.‘ 2ot st ariia A ) —— i ——

Back Dam and Air Seal

Various Back Dam Concepts
W i L |
. ;\,E-‘___ \; ;' .
4= - S—e— -
gl N
|
- TN
I
T
14, | l \ i
o eddAy CoT Ty
>L
¥\ s ok * '
Po -,.’1 t=r.a
a l
- A & B Demsil foe “Water Maraged Walls™, Joursal of Light Comrgion, Marck 2003
Flashing Systenms PR

Flexible Sill Pan With Back Dam — Not Yet
Required, But A Good Idea

m Insulation foam with FlexWrap™ sill pan
S¥ pan shoud
Aways crah fo
Weatrer-Resstive
Bamers

Readily drains to the front ~

Various Sill Pan Designs - Revised ASTM E2112

e

n flashings for window and door
oponings w trame walis

= Detal from the EEBA Water Managemeant Guide, 2002
Rashing Systoms

gt €1 e s
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OVERCOMING BARRIERS

Market Adoption Risk:

The Evolution of Window Installation Methods

High Dranage Fashings
/ Slk Pan Methoos

Performance /
SMectivensss
ASTME2112-
@os AB
Low (complex) High (sasy)
- Robustness ! Ease-otUse
Flashing Systoms

Conraphs £ & ot N s o

Detailed Testing & Development

Installation Method / Material Development

# Protect bottom corners into the rough opening

& “Moldable” Self-adhesive flashing (SAF)
= seamless 3-dimensional flashing on sill and 6" up
either side rough opening
= single piece continuous head flashing for round-top
window applications.
» Creation of a weep system by not applying
caulk on bottom flange
+ Self-adhesive flashing applied over jamb and
head flanges.

= Air seal and back dam by interior caulk joint
Flashing Systoms

s £ ¢ s N s Cxpms

Wall System Testing Goals

« Phase | : Installation Method and
Performance Specification

» Phase II: Durability of Installed Product

* Phase llI: Installation Variants

Parforrnce
» u:um & Markd Chrates. Moy

Installed Window — Wall Testing
Protocol

RET: Wasken 7. A, ol o Toatng of Wordow ¥ataudon s Paaing Ostas” 3332 Syrpcesn o rerowg

ot £ 1t e s s

Phase | : Installation Method and
Performance Specification

™ alrmfitration / Exfiitration Test (ASTM E283)
Measure infiltration and exfiltration at
1" H,0 (25 Pa) (15 mph)
3" H,0 (75 Pa) (25 mph)
1.2° H,0 (300 Pa) {50 mph)

=
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OVERCOMING BARRIERS

Water Infiltration (ASTM E331)

#|Standard water flow rate

Infiltration pressure of .1"
H,O (15 mph) for 15 min

# Infiltration pressure of .3"
H,O (25 mph) for 15 min

& Moisture sensors will be
installed and monitored
during spraying along with
visual observations.

.

Fashing Systoms

ot £ ot N s o

Phase | Results

‘#T_—‘—

FlexWrap™ / installation
performed well- no leaks

Water leaks occurred at mull
joint

Caulk positioning provided
“forgiveness” for window
leak

Cold and Hot Installation

* Condition materials for
minimum of 1 hour

* Install window

* Thermal cycle for 24
hours

* Test Air Infiltration /

Ar abige Tent Exfiltration (ASTM E
[ 283) and Water
Leakage (ASTM E 331)

L it N snd o)

Phase | : Installation Method
and Performance Specification

Flashing Product
FlexWrap™ prototypes
Competitive products

Installation Methods

Window installation
before WRB
after WRB

Window type
flanged
non-flanged

D —

Phase II - Durability

& Repeat Air Infiltration / Exfiltration

# Repeat Water Infiltration

# ASTM E 330 — Wind Loading
- Infiltration load at 2" H,0 (65 mph) for 1 hour
- Exfiltration load at 2" H,0 (65 mph) for 1 hour

& Repeat Water Infiltration

ot 1.t o e

'M‘m-

Phase II: Durability

Thermal Cycling
0'F - 160 ‘F, seven days cycling

6 hour cycles

LNy

Accelerated aging +
ASTM E1677 evaluation

Retest walls for water and air infiltration

ot i 0 e s

-
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OVERCOMING BARRIERS
B |

= What Temperature Exposures Do SAFs
Phase II Durabi“ty Experience After Installation?

7 Thermal Cycling

| = 0° F to 160° F for 7 days
at 4 cycles per day

= 6 hour cycles

o

W -y

- Measured on wood slding on 80¢ F gay In Northern Callfornia
Systems

gt £ e & s ek s

Traditional Peel ‘n Stick after Thermal

ﬁ Cycling

Window after 180°F exposure
Flashing Systoms

As Installed

After Air, Water, Durability and Thermal Exposure

s £ & et N sk o

“Rashing Systems After exposure (1 ETF)

L o s d s
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OVERCOMING BARRIERS

After Exposure (160°F)

Phase Il - No leakage in DuPont System
After Thermal Cycling

Chemistry of Butyl vs Asphalt
(Bitumen) Based Adhesive
Systems

ot £ ¢ ot N s Cxmpems

Asphalt Basics

- Has been in use since 625 B.C.!

- From asphalt lakes/deposits or heavy oil of
petro'eum

- Complex mixture of organic compounds with
high unsaturation

- Relative low molecular weight

- May contain nitrogen, sulfur, heavy metals in
additional to carbon, hydrogen and oxygen

- Inherent unpleasant odor

= Key applications
- Road building materials
- Roofing felt
- Sealants

Fashing Systems

ot £ i 0 e s

Asphalt-based Adhesives

= Key advantages:
— Cheap!

= Key issues:
- Narrow operating temperature range
« Brittle/poor adhesion 2t low temperature
. Ooze/flows at high temperature
- Poor chemical stability
+ Sensitive to UV radiation
- Sensitive to thermal aging
Stains easily
- Adhesives may become brittle overtime due to loss of VOC
Questionzble sea! overtime
- Unpleasant odor

Flashing Systems

g £ s e N sk

Butyl Rubber Basics

= Synthetic elastomers
- First commercialized in 1942
Monomers: isobutylene {>95%) and isoprens (<3%)
Low/no unsaturation, litthe by-products
Many grades available w0 cover a broad molecular weight
range (both cured and uncured)

= Key applications

Inner tubes for tires

- Sealants (windows)

- Automotive suspension bumpers
Electrical insulation

- Rubber shesting for external use
Elastomeric seal for hydraulic systems

FRashing Systoms

ot €t o M s g
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OVERCOMING BARRIERS

Butyl Rubber-based Adhesives
= Key advantages

- Broad operating temperature window
« Fiexidle/good adnesion at low temperature
« Rasists oozing/flowing at high temperature
- Excellent chemical/physicel adhesion to substrates
« Adhesion grows with time — repositionability!
- Excellent weather resistance
- Excellent chemica!/moisture resistance
- Excellent stretchability
- No solvents/VOCs
- No odor

= Key disadvantages
= - More expensive

Hashing Systoms

Performance Comparisons
Modified Asphalt
Buryd Adhesives Adbesives”
T
cozss above 120-140 F
stzble 350ve 200 F | causes dearazation
poor with solvents
ity wi Ly inart ala
i — =
Prodiact stains zot likely e
e -cam
4) Sealabilicy performance Sakla oyox Becoms beirls
synthetic - easy 20 |natural - kard to comtrol
5) Product i comrol {oftan wasn smerm)
§) Produce odor =0 strong
* Note: Depecdizg oz specific ths peri of polymsrmodified

Potential Performance Issues

# Adhesive Durability - Why Butyl?
® Caulk Compatibility

# Enhancing performance with primers

gt £ & o N s Cnmps

Durability Considerations of Self-
Adhered Flashings

Must withstand UV exposure until covered by siding
(per manufacturer’s recommendation)

Must be able to maintain adequate adhesion and moisture
seal through environmental cycles (temperature and
moisture exposure)

Must maintain integrity (adhesive & topsheet) through
thermal cycles and resulting joint movement / settling of
building

Flashing Systens

ot 1 o P s g

Competitive Products after Accelerated
UV Aging for 14 days in Atlas Weatherometer

Some Flashing Products (even butyl based) are known fo distort Vimyl
Flanges_ but not OuPont Flashing Systems Products

s £ ¢ ot 2 K snd

Weatherometer Flashing Testing —
Samples adhered to rigid vinyl

# Cycle:
= 120 min light (70°C - 50% RH)
= 60 min dark (38°C - 95% RH)
= 40 min light (70°C - 50% RH)

= 20 min light + front spray (70°C, 45°C H,0@12°C
wet bulb?

= 60 min light (70°C - 50% RH)
= 60 min dark + back spray (38°C, 45°C H,0)

# The above cycle generates 32kJ/day of energy

ot | P s e
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OVERCOMING BARRIERS

14 Week Exposure — Modified
Asphalt Samples

e

Field Examples of Oozing & Degradation
of Asphalt Based Self-Adhered Flashings

Adhesion Test Results: Dry OSB
at 27°C & 38°C (77°F & 100°F)
OATOAZDMAZOBI B2 OB2[
F
5 =i T
Pl = e
< —] = 7/ /i
} ."‘[___‘; e /' _m = :,
oryoss;w = oryosB;ac :
Fashing Systoms ARk A A S

14 Week Exposure — Butyl Samples

a2l 02
-JI

What is an Acceptable Adhesion
Level?

End use requirement: Does the SAF adequately stick to
the wall and maintain its moisture seal?

* No performance based measurement exists

* Examined several substrates at a range of temperatures
and surface conditions (moist, dusty)

* Full Study reported at ASTM Symposium on the
Performance and Durability of the Window-Wall Interface,
Salt Lake City, April 18, 2004

Adhesion Test Results: Wet OSB at 27°C

- ] @Al

m / mA2
—— DA3 [~

3 HB1 |

z - oB2 |

g = OB3

§ E

.

& ==

7 1§ ] —

Wel 055 - mealed scrbece Wel OSE - rrisied & wiped Wel 055 ek Swpad & 055 - 158 mosien
premed ocesert

Rashing Systoms

e p—
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Adhesion Test Results: Dusty OSB at 27° C

OA1 DAZ OA: EE1 @B2 OB3

Al r--lTIo

Wy
NN/

%
NN
N
N\

Failure mechanism — dust on adhesive

.

Hashing Systoms

Sets forth requirements to protect public health,
safety and general welfare as they relate to
construction and the occupancy of a building.
These codes include specific requirements for
building materials, fire protection, weather
protection (moisture, wind), structural
design, light and ventilation, heating and
cooling, sanitary facilities and energy
conservation.

Future Flashings Market Risk

# Trend towards recommending pan flashings
= ASTM E 2112, EEBA Water Management Guide

# Requirements increasingly shifting toward
window manufacturer specifications
» California SB800 and "right-to-correct laws”
= ASTM E 2112
= IRC

A £ s S s

Fashing Systems i i b
Code Development and
Implementation

National
I
State & Local
|
"Fashing Systems et B

Materials / Systems Can Comply
With Code Three Ways:

& Compliance to a direct reference
# Compliance through a referenced standard

# Compliance as an approved alternate
material

Product Developers Need To Understand
How To Use This To Their Advantage

Fashing Systoms

Performance Risk Management:
Durability — Standards Development

gt £ e s
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OVERCOMING BARRIERS

Performance Risk Management:

Need Clear Standards To Support

During _ Exposure The Codes
Constiuclion @ More uniformly applied
During Service @® Connection to real world performance
’ | \\ @ Separate construction phase from in
. \ service phase
[ \ » Temperature/Humidity Cycling # Combine different types of environmental
#Ligquid W at
UV ,wcf::i ! diﬁeefremial pressures o pel o
~Rain » Compatibility with adjacent
#Wind materials
';emp:;yamre Lack of Performance Based Codes And Standards
# Frumigr

Are A Hurdle to Innovation
s L S ol | v | ) >.W -I . : E

ot £ e s e s

Risk Barriers Hypoth: : Fredrick Krimgold's Initial 6 Categories Risk Barriers Hypothesis:
- Highly Perspective Dependent - 1. Market Risk Is A Significant Barrier To | ion In The Housing
Industry
Designer$pecifier  Bullder Manufacturer OwnsriFundsr
1. |Small « Venturs Capltal s Difficult To Acquire (sizs Depsncent)
Medium * Not For Larger ) 3 Sulidere, Firmg . ..
* For Small fo Mic-clze, ! y produot
Large DuPont
* ManyHousing Technologyinnovatione Fall in The Markst (One of 3 Reasons)
* Puch vc. Pull wkh IEtie to no market racearoh: Internal idea ve. Mkt need
. \ y . * Ssduosd by olevernece or *nigh teoh” materfalc
H ( \ & | = + nappropriate or
” \5-= ,‘) (| 2 * Guality, supply. and e or
e « High Fallure Rate Of i hibits ints tion of New 18
€. Small * 21z Depancent by firm and product expaotation (e g Mirkes Revenus, Puewasen Rate. , )
Medium * Thoce firme that can afford large numberc of irialc wil continue campiing
* Go-{o-market 2trategiec and tactios may ohange
Large DuPont
. -
Flashing Systoms P TR 88 5 Y Fashing Systems B A8 SRR

Risk Barriers Hypothesis:

Risk Barriers Hypothesis:

2. Porential Product Liability Is A Barrier To Innovation In The Housing 3. The Volatility Of The Housing Market Poses A Barrier To The
Industry Introduction Of New Prodt

e

+ Majorproduct lability sstt! tad geIntr tion of newproducts

* Pocsibly ¢ize dependent for manufaoturers — If they have own legal Gepartments « Markets ars unpredictable and adoption rates are uncertain (product dependent;
with proosdural anc produot stewardehip reviews * For arc celling
* Performanos and wee oldims, & Imphed

ot raw matorialc have (poceibiy) a bigger Impact
: Dus fo Deep Pooket IRigation magnetc

, GUpply and volatiity of

* Does Inorsace The Amount Of Produot Performanos Tesiing & Fleld “Proofing™

* For bulicers that are oontractually bound, ihe came ic true (e.p.plywood, O3B osment..)
* Could Cauce A Capital Invectment Hurdle Secidec The AddEional Time Requirec|

* Frobably chows clrong regionalty {e.g cilloon valiey ve. San Francicos Say Area 3ca whole)

L Ilability thespecification ofisw products by « Volatile markets tend to foeter conaervatiamin p t 21
designers and uea bybullders
Pt * Simiar fo the ceoond part of hypothecic 2: buliders and arohllsots work from
* Limc early wEkhout testing (neec proot It works) experienoe fo get (within code):
* Maglo number ceems {0 be 3-5 years of fisid iscting pricr fo credibie bellef e petieimine ind. sedinlios
* Depende on eace of uce, ooce-ctuff (red tagging), potential fallure impaot, warrantee UG eiceek Sdristen: 3PV PRty Sk g S Selmmid NS G
coverage, sace of rapalr, srror-proof decign, and potential expence or time {o oorreot.

* Codec mowing away from ) towarde Dbaced oodec

Move should promote adoption rates for new, tected products by alowing sacier
speoification for a broader array of produoctc

* Higher raciztanos {o ohanoe iooal variance If not cupported by ourrent code

Rashing Systoms

gt €1 e s
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OVERCOMING BARRIERS

Risk Barriers Hypothesis:

4. Errors & Omission Insurers Encourage Conservatism On The Part
Of Housing Designers and Specifiers (Just My Opinion Hears)

————

. coverdl 963 use of New or p p
* Unteciod - Most probably yeu

* New (7) — Won't think co If the performance cpeolficatione and code allow It

- Designerllabliityhas inhibit tion Inth g Y
*Humm. .. Aronitect of record chould be fine If ctruotural engineer, county
enginesr/incpectors and bullder approve, but don't know

* Look at “vertioal wrbanicm,” Arohiteol's dream l the ctruotural engineer'c nightmare

gt £ e S s e

Risk Barriers Hypothesis:

5 C Pr Law Ady Has | d The Risk Of
Innovation
claimsbyh yere g t . g and
suppilsrs pose significantbarrlersto inthe g try

* Not for large manufacturers or cuppliers with large In-houce lagal groupe

* Hao Proguot Inf Time Due To Ext Tecting
* sRight-to.Correot” lawe, & e.g. Callfornia 38 800
bacloally organizec the proosce for bullcer
around olaime; mainly by id damage Ibigat
g windowirctalalion inctrusticne.

* Contrary view: May sven drive Innovation to oomply with evolving rullngs and
code ohangec (¢.g. IBCS IRC 0ods ohangec to require 2 layers grace D paper under ¢42000:
ath

Fover witha
ot leact

paporL

ot & e s s kg

Risk Barriers Hypothesis:

6. Risk Of Unintended C q Such As Mold Resulting From
Energy Conservaton, Is A Barrier To Innovation

+ Comp yofthe ap tion p maks Iimited product
innovation too difficult to testana te in of markstapplicat
* May, nood to icok at the whoe syclem henoe racsaroh budget. Need broader ccope
approach. Poceibly work with governmental cepartment and labe (e.g. ORNL),
profecclional organizations (e.g. Energy & Envir £ A
foous groupe.

* Slze Dependent (i.c. Funding . amalier
more olocely with above

need to work
oroups to ok— toh 22

+ Fragmentation of the gpr tion p make iimitad product

Innovation too difficult to teatan te In aay tapp
+ Ditto

.

Flathing Systoms

hs & s e ad
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OVERCOMING BARRIERS

Appendix C: Innovation Presentations
Risk Panel, SIPA

Structural Insulated Panels

HUD/PATH Barriers Research
October 20-21, 2004

Introductions

Bill Wachtler

Executive Director, COO
SIPA

Ken Hawkins

General Manager,

Premier Building Systems

Agenda

+ SIPA & SIPs - definition
* Types of construction
* Market applications

* Risk assessment

What is SIPA ?

The Structural Insulated Panel Association
(SIPA) is a non-profit association representing
manufacturers, suppliers, fabricator/
distributors, design professionals, and builders
committed to providing quality structural
insulated panels for all segments of the
construction industry.

*Qand A
Member: Ship

Manufacturers 29
Suppliers 33
Fabricator/Distributors 22
Associate Members 16
Builder Members 121
Design Professionals 21

Total 242

What are Structural Insulated Panels ?

lation

Expanded
2 Polystyrene
OSB Facings | (EPS) or
Metal Polyisocyanurate
Concrete Structural
Adhesive

Appendix C: Innovation Presentations, Risk Panel, SIPA
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OVERCOMING BARRIERS

Where are we now?

Better measurements still needed
but our best estimate shows....

« 51 Million sq. ft. in 2003

* 10-15% increase annually

+ 70% residential

* 30% commercial

« 12,000 - 14,000 single family units

« 2,300 - 2,500 nonresidential buildings

Wall Systems

A Superior Building Product
for Walls:

* Fast

* The more complicated the
design, the easier it is 1o build

» Control over materials and labor

* Solves problems prior 10
construction

+ Straighter and truer walls

« Tighter construction

Roof Systems

A Superior Building
Product for Roofs

+ Cathedral and vaulted
ceilings
Much faster dry-in
Shed roof designs
Open vaulted hip roofs
Grearter spans
Pre-insulated
Engineered

SIP Floor Systems

A Superior Building
Product for Floors

+ Clean crawl spaces

* Floors that are pre-insulated

« Simple, easy, and fast

« Efficient over unconditioned
garages

* Floors that will not squeak

Technical

Technical

Appendix C: Innovation Presentations, Risk Panel, SIPA

C-16



Connections

Electrical Chases

: )
D
i
ALY
Ay

Spline Types

* Type S or Surface
spline (OSB).

* This is preferred ‘ .
because itis a r—s
thermally broken
spline.

* No heat loss through| 9
conduction.

Not all SIP mfg. have
this type spline.

Oak Ridge National
Laboratory Studies

4" SIP wall out performs 6" stud wall with R-19 fiberglass

WEOLE ML AN

"
" I

I I

L I ™)

AV AW A AV

mprassion

Oak Ridge National
Labora

“SIP test room is 15 AR P UETHAR B RN,
times less leaky” s .

£) U A0CH BEWN BIE
ST

47 SIP wall used 9% less hd
than 6" stick built with fibe

Oak Ridge National
Laboratory Studies

TR0 AL SERTACT TTNPLRATURE
"

More even temperature and comfort

3 Simple-Affordable SIP Near Net Zero
Energy Houses built and occupied

+«SIPA / TVA /| DOE / Habitat for Humanity

«Annual heating cost $92, cooling $74

« 45 cents per day

+ 82 cents per day for total energy with plug loads

Appendix C: Innovation Presentations, Risk Panel, SIPA
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OVERCOMING BARRIERS

ICBO NES Compliant Load Charts
&

SRS Wall load design chart for combined axial & bending.

Code Recognized
Load charts are broken out by spline type.

SWall Chart L
WUCARLEL S WY o e
oy

X e wr  w
. o B [
am |

FTN BN
o In |
i e fiee
o In |
E BTN E o )
i
FETTTOT

S EEOE O

B Y

"
i
-
e
-
Ll
.
e
0y
ey
—

Continuous Processing Continuous Processing
CAD/CAM CAD/CAM
1. Starts with any CAD drawing. 2. SIP Software converts elevations into SIP

shop drawings and material lists.

Continuous Processing : ;
CAD/CAM Ny rocasaing .

Two or Three dimensional Computer directed manufacturing
CAD/CAM ==

Appendix C: Innovation Presentations, Risk Panel, SIPA C-18
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Custom Home Market

Appendix C: Innovation Presentations, Risk Panel, SIPA

Custom Home Muarket

Fenner Residence
Sun Builders, Nevada City, CA

Custom Home Market

Oak Valley Construction

Photo Courtesy: insulspan

PanelPros, Inc.

C-19



OVERCOMING BARRIERS

Production Home Market Nonresidential Market

i

Pulte Homes

Nonresidential Market Nonresidential Market

Nonresidential Market' : Nonresidential Market

St. Alexander’s Church
Nlagara, ON

PhotoCourtesy:
Thermapan, inc.

Appendix C: Innovation Presentations, Risk Panel, SIPA C-20
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Nonresidential Market

Energy Panel Structure

Appendix C: Innovation Presentations, Risk Panel, SIPA

Nonresidential Market

PanelPros

Morley Builders

C-21



OVERCOMING BARRIERS

Clays Construction
Offices Value Proposition

Builders

SIPs provide design flexibility, durability, and high
thermal performance, making it easier 1o meet energy
code requirements. SIPs can improve profitability and
efficiency by speeding up dry-in and cycle time, and
reducing on-site labor, material waste, and callbacks

Value Proposition

Homebuyers

A SIP home is extremely energy efficient, quiet,
safe and sound. SIPs are environmentally
friendly (green), enhance indoor air quality, and
provide built in quality, comfort, protection for
your loved ones, and guaranteed lower monthly
energy bills making long-term ownership more
affordable

Appendix C: Innovation Presentations, Risk Panel, SIPA C-22
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Appendix C: Innovation Presentations
Risk Panel, Premier SIPs

Risk as a Barrier to Introduction
of New Technologies in the
Housing Industry

Ken Hawkins
Premier Building Systems

Core issues

- Business Environment

- Perceptions of Legal issues (fear)

- Perceptions of Insurance issues (fear)

- Fragmentation of Builder market

= Channel issues

- Dealing with the “trades”

- Design v. convert

» People just don't trust the building trades
- Lack of critical mass

Business Environment

The Legal Environment

Quality of materials (wood products) is + Class action lawsuits are perceived to be
declining rampant
Availability of those products is diminishing + Deep pockets are scared “Target on my
Labor costs are skyrocketing, especially back”
benefits packages including payroll taxes » Fragmentation makes national builders
Trained labor pool is diminishing uneasy—if the supply chain fails, who is

Construction is just not sexy enough responsible?

Energy costs are rising

Insurers Builders
* Perception: Insurers are afraid of the class + Big ones, little ones, all kinds
action lawsuit. . Rules are dif_feren_t in each state and often
+ Perception: Insurer reserves are low and in each municipality.
therefore rates are high. Profile of builders has changed

dramatically_..no longer a craftsman.

w:Rel coption=astiers: wanktnotiing; fo/do Builders tend to be very transaction oriented

wifh puﬂdmg traQes, W and often lack the vision needed to bring
* Who is responsible for future liability—the on new technologies

builder or the trades? Goals may differ from consumer goals

Appendix C: Innovation Presentations, Risk Panel, Premier SIPs C-23



OVERCOMING BARRIERS

Channel issues

How do we get to market?

New products often mean new
technologies and new installation methods

Different geographies demand different
solutions

Fragmentation vertically, horizontally
Grossly undercapitalized

Dealing with the Trades

+ “| done it this way for 30 years”

* Accustomed to one-for-one solutions
* How do we get them trained?

* How do we get them to ‘think’?

+ Some relationship are threatened by
innovation—now we are adversarial

+ Installation issues are pervasive

Design v. Convert

How easy is it to get specified?

Do architects and engineers understand
field issues well enough to evaluate
implementation costs?

Without critical mass, conversion and
design technology languish

Critical Mass

* How long does it take to achieve critical
mass and begin to achieve economies of
scale?

* Who sets the standards?

» What is the goal (time savings, overall
quality, energy savings)?

10/ 20/ 04
So, WHAT IS THE RISK?

Appendix C: Innovation Presentations, Risk Panel, Premier SIPs

Design Professional

» Risk

Will it work?

What will the builder, installer say?
What is my liability?

Solution:

Get information out broadly, get Designers and
other professionals the answers on downstream
activities

C-24
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Builders-big

“I've got a ‘bulls eye’ on my back”

How do we make changes in ongoing
projects? Energy bills!!

If you go ‘under’ what will | do?
Systems costs are frequently hidden. ..
How do we spread it across the nation?

Solutions: Proscriptive method of
analyzing solutions

Builders-small

« What if it doesn’t work like | expected?
+ What happens if the supply chain fails?

+ Solution: Stronger institutional
endorsement

Supply Chain

Inventory
Marketing expertise
Training
Transportation

Obsolete current product—last week the
old product was the best.. but now?

Insurers

« Will it work?
* Unintended consequences?

« What happens if mfr can’t sustain the
business?

Investors

Not very sexy

Not particularly trusting of Construction
industry

‘Cottage industry’ perception

National v. regional issues (Cal v. Texas)
How do we measure potential in a cottage
industry?

Appendix C: Innovation Presentations, Risk Panel, Premier SIPs

What would | like to see?

Tax policy that encourages energy
efficiency.

Fewer institutional obstacles—make it easy.

Group—architects, designers, government
agency—that can fast track new products

Systems evaluation by Insurers

C-25
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Appendix C: Innovation Presentations
Risk Panel, Eco-Block ICFs

Simpler. Faster. Batter. e Simpler. Faster. Better.

"~ a

il im

.~ '

oW

e Ll (et LW AW | ur U

~1998

~ March - First Production at LifeLike Products in Baltimore, MD

» May - ECO Block, LLC founded by Jim Moore, John Spragge, Jan
Moore, and E. J. Parks located in Fort Lauderdale, FL.

June - Production began at LifeLike Products, Miami, FL.

August — Began production at Polymos in Montreal, Canada

~ Sep ber — Began production atB Plastics in Chilliwack, BC
Original Company Founded by Jim Moore and John Spragge » November - Began Production at LifeLike Products, Waxahachie, TX

N

A}

JimMoore John Spragge

e KR (e ow AW e o R e R e )

~1999 ~2000

~ March —First of 9 Patents Issued 106 Distribut
& 15! utors
~ July — Dallas Operations Ofﬁf:e (?pens January — Canada Office Opens
~ October — Began Manufacturing in Western U.S. » February — ECO-Block became registered provider for AIA

» December — Began Manufacturing in North Central U.S. Continuing Education Program.
~ Began production at Marko plantin Salt Lake City, UT.

~ November — Introduced OSHA compliant bracing system

Al

A}

ccod @

rroem nne T GRS AW L R L e
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~2001

~ February — Introduced Commercial Block
~ May - Introduced Latching web and connector.

# August - Established ICF Support to promote ancillary ICF
Products

# Introduced ECO-Buck system {now Universal Buck)
» September — Introduced 45 and 90 degree panel connectors.

e Lh Tt LM AW | uh iy

»2002

A}

January — Began manufacturing at Contour Products in Kansas
City, KS.

~ February -1 hed Green Building

~ March 18, 2002 — Death of John Spragge.

~ March - Established Technical Services Support Function.
March — Began molding operations in Atlanta, GA area.

August — Established National Training Program.

N

N

I S L S )

~2003

~ January - Established formal QA/QC Program.

~ February — Distributor representation in all 50 states.
~ April - Formed ECO-BlockInternational.

» July 27, 2003 - Death of Jim Moore.

~ November - Transfer of Technology Agreement signed with
Australia.

~ December — ECO-Block consolidated operations in Dallas, TX.

I T O R R )

ECO-BLOCK",LLC - U.S. Patents
s SEMLAL MO PATENT ¥ STAIS
SSUE DATE
Commte Farm Syrer stnd Methad (Cormer Web WAT TS S Cremal
Moarwr) 1200
oo barme Svtre wd Mothe d (Lody “arse i Corsemad
Assruisly ) e
Comcrete Farm Syviem avd Method (Usmmmectar ST 514807 [
Lk 11
Urstated Cemcovn b oem 4 I [
(Methndef Mabing 1113 L) e
[ Er—— e P [
CSyuwmd TS Ly Seructum ) e
Tty W (Wt St Methor anal Stractias wigh CIE [rIrEy Gramed
nasez
Comcret Structan | ermed Ustng Pywood-Sheet e 4426713 Gramed
e 52N Stk Faawl s
Latchng Dedgn for Wk Mevsbers il s AR [
Commectors Usel 103 Concrete Strucsam e
Concrets arm Syviem WO = Gramod
Qo

W LR TR G Ay

Simpler. Faster. Better.
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ECO-Block® ICF System

Insulating Concrete Form (ICF) Evolution
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ECO-Block® ICF System
Insulating Concrete Form (ICF) Evolution

Post & Beam — Screen Grid

«Post - Vertical Concrete Core o

«Beam - Horizontal Concrete core o 'hl‘

«Large areas without concrete It

«Engineering is Complex

+No fastening surfaces for interior
or exterior finishes

ECO-Block® ICF System
Insulating Concrete Form (ICF) Evolution

Waffle Wall - Mod. Post & Beam
Similar To Post And Beam

*Concrete Resembles Waffle Grid
*Engineering is Relatively Complex
*Form Ties Added To Hold Opposing
Faces OfEPS Med Xy
“Metal Ties Were Difficalt To Cut And (1
Handle. Poor Thermal Bridging (
*Plastic Ties Are Easier to Cut And
Handle, Limited Thermal Bridging
Tie Serves As A Surfaces For Interior
Or Exterior Finishes To Be Attached

ECO-Block® ICF System
Insulating Concrete Form (ICF) Evolution

Flat Walls

*Flat Wall Forms Were Evolving Shortly

After The Modified Post And Beam
*One Major Difference

~Utilizes A Homogeneous Concrete Core

To Permit Engineering Principles For

Design Of Concrete Structures To Be

Utilized

“Interior & Exterior Finishes Easily

Attached

*Ships Flat, Great Design Flexibility

Allows For Walls 47 and greater

: it
S ."?bv'
vi:’l)\

R T R e R )

ECO-Block® ICF System

What are Insulating Concrete Forms?
+ ICFs are lightweight, highly durable foam blocks (forms)
composed of expanded polystyrene (EPS).

* They are stacked up and filled with concrete resulting in
a monolithic, steel reinforced. concrete wall with
insulation in place.

ICFs Combine Several Steps of Building Construction
* ConcreteForm
* Insulation
* Vapor & Air Barrier
* Furring Strips
» Electrical/Mechanical Chases

ECO-Block® ICF System

The ECO-Block system consists of simple, easy to assemble
components. That can make any shape or size concrete wall.

L R TR )

Appendix C: Innovation Presentations, Risk Panel, Eco-Block ICFs

ECO-Block® ICF System

EPS Side Panels with embedded webs
Pre-molded 45° and 90 ° corners

. 3 Mo wn
Brick-Ledge Panel - LA
Two Sizes Available o, be?

*Commercial Panel AT
(247x48"x2.0")

+Standard Panel (16”x48"x2.5")

C-28
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ECO-Block® ICF System
High density plastic latching connectors
Allow wall widths of 4™ to 40"

Versatile Panel Connectors ’
Create 45° and 90 ° angles ¥ i E

e i
I

e e T L TR LW AW |l iy

Simpler. Faster. Batter.

D R e A )

Housing Market Risks

ICF Market - Entry Costs
* Development of Molds:
+ $100K min for kimited localized market
+ Full product range one facility = S400K
* Major Players have minimum 4 facilities = SIM
* Locate Manufacturing — Contractvs. Purchase
= InventoryManagement
* Testing and Code Compliance
* ICF Industry growth 4.0% 2003
* 80+ Different Systems = ICF Market Saturation

<

e nne e CAa TEde G AW ATy

Housing Market Risks

ICF Market - Entry Costs

* Government Regulations & Restrictions on EPS Molding
Facilities

* Government Regulations & Restrictions on Cement

* Interest RateForecast — Currently at 1.75%

* Nov. 10 2.00%
* Dec. 14 2.00%
» March22  225%

HEADLINES

= US Layoffs at 8 Month High
* Record Oil Prices

I R O S e )

Simpler. Faster. Batter.

T T R T

Appendix C: Innovation Presentations, Risk Panel, Eco-Block ICFs

Product Liability Risks

Forming Capacity
* Inadequate manufacturing
* 80+ Systems, Maybe 20 have a
Quality Control Program
* Inadequate Installation & Bracing
= Florida Blow-out Kills 1 Injures 1

* Atleast four comsrection werlers iz South
Florida kxve beez killed ox the jobin che past Sew |
weeks 2z éha seate come: under mcreasizy OSHA
scrutizy for beay amowy e worstis the comzmy
for wacker dexth:. :

* 2BF News Septamsber 3, 2004

N R )
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Product Liability Risks

Inadequate Concrete Consolidation Practices

Alarge 8’ long by 2*
tall void is
discovered in a newly
poured“Insulated
ConcreteForm
Wall”.

Designers Liability & Risks
EIFS vs ICF’s

Leaky Condo Stigma (ongoing)
* One Bitten, Twice Bankrupt!!!

= Exposed wood cell structure makes it easier for
bacteria to foster

Tree
x
Plywood
0SB
Paper

e G (e S A e

Simpler. Faster. Better.

Designers Liability & Risks

Architects
= Reluctance to Spec: ICF + Stucco #EIFS
= Perceived Higher Overall Costs
= Limited Number of Builders
» Code Compliance & Testing
= Poor design, limited overhangs in high rain load area:
NW)

e LR e W A Ay

Designers Liability & Risks

Engineering & Design
» Residential = Wood Construction
= C ial & Industrial = C & Steel

« Education Limitations
= Complex Designs

= Refusal to Specify

= HVAC Specifications

Designers Liability & Risks

Contractors & Builders
* Available Labor
= Hands on Perception
= Glamour
* Education at Institutional Level
* Fear Factor!!
* Insurance - XYZ 2004 Ltd.
* All contractor lose $88
* Specialized Equipment Required

Appendix C: Innovation Presentations, Risk Panel, Eco-Block ICFs
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Designers Liability & Risks

Building Officials & Evaluations
* Required Code Approvals
* Liability
* CodeConsolidation
* Long, Slow & Painful

rena nne ThL LR TR La AW | U

US Code Evaluations

» Fire Rated Assembly ECO/WA 240-01

* Certified by Intertek/Warnock Hersey See Directory of Listed
Products for Conformance to ASTME119

»ICC ES Legacy Reports 5498, 98454, 2238

+ IBC, IRC, UBC, SBC, BNBC, Int'1 1&2 Fam Dwelling, SBCCI Hurricane
Resistant

» Dade County NOA 00-1024.02

» Florida Certificate of Product Approval #FL2253
» Wisconsin State Code #200012-1

» City of Los Angeles RR#25446

» Non-Combustible Evaluation - Hughes Associates

e GRS AW | AT i

I

ECO-Block® Testing

ICF System Testing — Not Required By Evaluation Reports
Crawl Space Test to SWRI Test Procedure 99-02
Corner Room Test UBC 26-3 (a.kka. UL1715)

* 15 Minute Thermal Barrier Stay-in-Place
ASTM E119,UL263 - Full Scale Fire Resistance Rating
ASTM E90 - Sound Transmission Classification (STC)
ASTM E283 - Air Infiltration
ASTM E331 - Water Penetration

e GRS e A |

ECO-Block® Testing

Compliance Testing Required By Evaluation Reports
for Each Facility
+ ASTM C203 - Flexural Strength
* ASTM D1622 - Density
* ASTMDI1621 - Compressive Resistance
* ASTMES4 - Flame Spread & Smoke Development
* ASTM C518 - ThermalResistance

* Type HEPS 1.35 pcf- R=4.0/inch @ 75°F
* TypeIXEPS1.80 pcf - R=4.2/inch @ 75°F

ECO-Block® Testing

ICF System Testing
» Blast Resistance

B LAY D U A
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ECO-Block® Testing

ICF System Testing
* » FirePerformance B 4

Tl LE e WA (T

Simpler. Faster. Better.

e CAa TEde G AW ATy

Simpler. Faster. Batter.

Appendix C: Innovation Presentations, Risk Panel, Eco-Block ICFs

ECO-Block® Testing

ICF System Testing
» Severe Weather

Consumers Risks

New Product = New Problems
* BuyerBeware! — Not All ICF’s Are Created Equally
* Convincing the Contractor
* ImproperInstallations
* HVAC Sizing
* Air Exchanger Required
New Product = Less Problems
* InsuranceisLower
* Energy Efficiency
* Air Quality
* LowNoise

ECO-Block® ICF Benefits and Features

B "ARREBE T Z
SSEON n:‘v,‘\\ B4
Ease of Design et PO NS i
*Flat wall forming system 2SR

*Versatile steel placement
*Radius walls

*Arches :
*Shapes - 9 '
*Pilasters g3
*Welded Rebar

*Structural steel in the wall

*Can adapt to any design criteria

CC0
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ECO-Block® ICF Benefits and Features

Ease of Construction
ECO-Blockis easy to integrate into the
building process, works seamlessly with
standardconstruction
*Electrical & Plumbing
*Waterproofing
+Siding & Finishes
*RoofStructure
*Windows
*HVAC
Labor hours are drastically reduced.
are lightweight, requiring less effort to
lift, move, place or cut.

e e T L TR LW AW |l iy

ECO-Block® ICF Benefits and Features
Saving America’s Energy™

Superior insulation qualities
«Tested R Value of R22 for EPS Only

Effective R is much higher due to:
+Zero Air Infiltration thru ICF &
the Concrete
sReduced thermal bridging

Reduced size of HVAC i :
oA S Haw Dwes the Ar Exenpe?

Savings in monthly utility use

e CAa TEde G AW ATy

ECO-Block® ICF Benefits and Features

Affordable Construction

*Competitive first cost
Anintegrated design approach enables synergies
between disciplines and between technologies, allowing a
project to stay within budget.

*Reduced Lifecycle Costs (ROI)

*Higher resale value - the NAHB reports green buildings
have a competitive edge in the marketplace.

*Lower operating costs
Lower utility costs by 40-60%
Lower maintenance costs

D R e A )

ECO-Block® ICF Benefits and Features

Optimize Energy Performance
Energy Loss Reduction

Flaor Wirdows

Rocf
Walls

Infiltraticn

Irfittrstion wall loss
rBALCHION Tremd vxnr‘ssf: reauction
contabution
x m A

Loss reductions total 045%

I R O S e )

ECO-Block® ICF Benefits and Features
Reduce Air Infiltration A ction

Reduced air infiltration -
Wood>.5 ACH 3"
ICF <.01 ACH g

Better control of replacement g2
air quality 2o

0 1
Less “outdoor™ air to heat/ cool TeRENICERauD pleck Batin housd

T T R T

ECO-Block® ICF Benefits and Features
Healthy Indoor Air Quality

No VOCs
1.in 3 people have
No moldissues an allergy severe
) . enough to seek
Seperies Thermel Quakly medical attention on
No drafty spots a routine basis -
American Lung
No temperature swings Association

B CAN D U A Ty
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ECO-Block® ICF Benefits and Features ECO-Block® ICF Benefits and Features
Withstands Severe Weather Earthquake Resistance

Wind TowartTes Srnbbng
AMOUNT OF DAIAGE 5.0 0y e T

Research has shown ICF
structures are more resistant to

severe weather conditions than

ICF structures can be engineered to withstand seismic zone 4
earthqualkes.

Mazx. Lateral Resistance

woodconstruction.
3
40,000 :
An ICF structure can be 3000 N Na
engineered to withstand 150 20,000 -
mph+ winds. 10,000 - bt
b=

YYood Etesi Flst \Wafle Saesn
Frame Frame Conc Gnd  Grid
Com Cant

THe L (ese LM AW A iy

L e e s A S

ECO-Block® ICF Benefits and Features ECO-Block® ICF Benefits and Features
Fire Resistance Superior Sound Suppression
g . Sound Reduction

Flame Spread Index (FSI) is 0 — Max. per Codeis 75 Sound Transmission Classification
Smoke Development Index (SDI0 is 300 — Max. per Code is 450 6" concrete wall with % " Gypsum s
provides an STC 51 3
Fire Resistance Ratings (FRR) § :'
. 4" Concrete Core has a 2 hour FRR Note a 2x4 wall, insulated : w
. 6" and Greater Concrete Core has a 4 hour FRR wgypsum both sides provides an Ew
Flarve Spreas Fire Rasings STC38 r.

Typcal KF heute  Tyokal s hause

Ideal Design Solution for theaters, offices, hotels,
buildings next to busy streets or airports and schools.

e G (e S0 A (AT Y

B e T e e ]

ECO-Block® ICF Benefits and Features ECO-Block® ICF Benefits and Features

Resistant to Mold & Pest Infestation ECO-Block is ECO-Logical
EPS and concrete are inorganic, meaning No CFC’s in manufacturing

they do not provide a host food needed Efficient £ terial

for mold growth, so regardless of the CHERL IS QLA e

temperature and humidity, mold will not @ Long life expectancy

be able to sustain growth in the ICF wall : o

coipamcal -fm Local manufacturing

4 = v Uses 40% by weight of 100% recycled post industrial material
. : . L/ 10
R::::::ttet: al::: el @ : Contributes to several credits in US Green Building Council
LEED™ certification

Bugs don't eat concrete!

e A e o A i I R L R
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ECO-Block® ICF Benefits and Features
Contributions to LEED™

ECO-BlockCredit Areas
Sustainable Sites = Credit § Reduced Site Disturbance
Energy & A phere = Credit 1 Optimize Energy Performance
Materials & Resources
Credit 2 Construction Waste Management
Credit 4 Recycled Content
Credit § Local / Regional Materials
Indoor Environmental Quality
Credit 2 Increased Ventilation Effectiveness
Credit 7 Thermal Comfort
Innovation & Design Process
Exceeds LEED performance credit in IAQ, Construction Waste,
LCA

Tl LE e WA [

LELD

ECO-Block® ICF Benefits and Features

Thermal mass — with R11 each side and zero air infiltration the ECO-
Block® ICF’s outper for m an equivalent wood framed wall of R40

Energy savings up to 6004,

Sound TransmissionClassification — the ECO-Block® ICF’s obtain an
STC of 51 with a 6” concrete core which means the environment
produced is comfortable and quiet.

Less on site construction space required for staging of materials.
Stable Prices — unlike the volatility of the steel and wood industry.

Versatility - ECO-Block® ICF’s can be cut at any height and in any
shape while maintaining structural integrity.

Versatile connector heights — allows for horizontal rebar in increments
other than 16”spacings.

<

e e T e T R e R )

ECO-Block® ICF Benefits and Features

Professional Design Details — over 300 design details available to the
design professional to simplify the incorporation of ECO-Block® ICF’s
into your structure.

Reduced costs for shipping — the panelized system means more blocks
can be shipped on a truck.

Handling damage is reduced as a broken panel from bandling can be
replaced saving 5000 of the block.

Panpels and webs can easily be cutin situ or on a table saw, and routed for
with new horizontal interlock when necessary.

Full height webs and higher flexural strength of the EPS means no
bulging between courses or webs giving you a straight smooth wall for
application of interior and exterior finishes.

e CA (b W AW AT U

|

ECO-Block® ICF Benefits and Features

Experienced Management Team - with extensive knowledge of the ICF
industry.

Knowledgeable, respectful, honest and ethical associates.

Technical Director/Structural Engineer on Staff - providing a quick
response to any code compliance or design issues that may arise.

‘Green’ Construction Specialist on Staff — providing efficient guidance on
building a ‘LEED" Certified Structure.

Less Waste - ECO-Block® ICF’s can have less than 130 waste.
Vapor barrier and Air barrier are not required on ECO-Block® ICF’s.

D R e A )

ECO-Block® ICF Benefits and Features

Unsurpassed Quality Control — the most stringent quality Control
program in the ICF Industry.

Education — On site training is available by our team of construction
professionals to yours ensuring you have a positive experience with the
ICF Industry.

Product packaging provides UV protection against harmful UV Rays.

Engineered Plastics and Connectors — the limited internal obstructions
within the form ensures easier flow and consolidation of the concrete.

Production Capacity — Additional mold capacity is available on short
notice and manufacturing facilities maintain inventories.

Abuse resistant drywall is not necessary due to the full support of the
gypsum by the EPS.

O O S e )

ECO-Block®

Insulating Concrete Forms

Simpler! Faster! Better!

B R T e
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Appendix C: Innovation Presentations
Preference Panel, DuPont Housewrap Flashing

e

Flashing Systems

DuPont Flashing Systems:
The development of unique self-
adhered flashing products

Preferences As A Barrier To Ii tion In The Housing
Industry — HUD/PATH Expert Panel Presentation
Hilton Embassy Row, Washington D.C.
October 27-28, 2004

James D Katsaros
DuPont Flashing Systems Development Leader

Outline

» Define Market Need for Self-Adhered
Flashing Products

*» DuPont Flashing Systems
Developments
* Self-Adhered Flashing Products
* Define, Develop, Test, Validate & Retest
* Installation Method Parallel Effort
* Upgrade of existing ‘Standards’, test ‘variations’
* Preference Barriers Hypothesis:
- cultural values,
+ attitudes to change in general,
* perceived or real economic advantage,

e + influence of piers and others, or
Flaching Systems  * GNy combination of these.

What is Flashing?

“Configuration of
materials that are
arranged to direct
water to the exterior.
These materials could
be metal, asphalt-
|mpregnated building
Baper or adhesive

acked bituminous

tape.”
Fine Homebuilding
April/May 1998
Hustration from the EZBA Water
sk e Deflects Moisture Away from a building / structure
"
Flashing Sy=tems DuPees Confidentil

Flashing Helps Prevent Damaging
MoistureIntrusion.

PR DK If installed correctly
Flaching Systems DuPont Conficential

Market Risk Mltlgatmn'
Understanding Market ¢ i

Focus Groups
CurrentSituation

Focus Groups
Value Proposition for
Development

Candidates
& sills are problem areas
LA
Flashing Sy=tems DuPoat Confidential

Traditional Flashing Products for
Windows & Doors

# Asphalt coated /

reinforced paper
#- Polymeric Film
# Housewraps

| Deflect moisture, but don't seal
Zaberonaeaeal
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OVERCOMING BARRIERS

Challenges with Traditional Flashing
Products & Methods

Can be worse than nothing if installed
Incorrectly — acts as a “funnel”

Challenges with Traditional Flashing Products & Methods

Can be worse than nothing if installed
Incorrectly — acts as a “funnel”

 W—
[

Market Wants Easy-to-Use, Forgiving System:
Advantages Self-Adhered Flashings....
When installed and used properly, Self-Adhered Flashings:

~ Provide a broad moisture seal at the window-wall
interface (extension of the sealant)

~ Are easy to install (peel and stick)

» Are versatile for many different installation methods
and openings (shapes / sizes / efc)

» Maintain their seal through joint movement between
dissimilar materials (durable topsheet)

» Provide a much more durable seal than a caulk joint
(which is the basis for non-SAF methods)

"
Flazhing Sy=tems

DuPcnt Confidental
—

But there are Concerns with the
Performance of Self-Adhered Flashings....

~ "It doesn't always stick" (many examples of SAFs
falling off the wall)

7 How do T know SAFs are still working effectively
behind the siding after many years of thermal cycles &
environmental exposure?

7 Self-Adhered Flashings can ooze and result in staining
cladding surfaces & interactions with caulk

7 Lack of a standard for material properties - anything
can be a SAF

# Lack of a standard for installation conditions to ensure

e performance
Flazhing Sy=tems

DuPent Confidental
——

Some concerns with Self-Adhered

Some concerns with Self-Adhered
Flashings...

LA
Flaching Systems DuPeet Confidential
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Market Opportunity For Improved DuPont Self-Adhered Flashing via
Flashing? Systematic Product Development Process
Builder/Installer Opinions o
® Water intrusion at windows and doors Focus Groups | 3 uxcuer‘:énr;s;os[’céa gt
is a serious issue T
= Major source of litigation / new legislation N : .
= Majority of problems related to improper installation [‘)’L:?E‘?::'t( ) An;:g':il:;s:ﬁ::’zgosducu/
# Strong fit with Tyvek® Weatherization Systems
offering and core focus R&D = Development Candidates
1
#® Requested by our customers. Focus Groups 0 value Proposition, Likes/Dislikes
® Large Market Space w/ no clear market leader L
Performance o Performance of New Product vs.
Wall Test Current Products
'F‘l:dvi\g Systems ?I:duns Systems

DuPent Confidental DuPent Confidental
m—— e

Concurrent Development of Flashing Material and Enhanced Performance Offering:
Installation Method Keys to Successful Use of Self-Adhered Flashing Products

Focus Group Concept

~ Continuity of window-wall inferface
~ Shingling / lapped correctly

~ Moisture Management: Provide a Drainage Path for
leaks

~ Installed Systems Testing: window-wall installation

-
: as a complete system
: reer— ~ Installation conditions (real life) that promote
: of Material / adhesion
: NistatcnEe » Material choice - durability & robustness
: ~ Education: Provide hands-on fraining & support on
. site
:
" : LA
Flazh/ Flazhing Sy=tems

DuPont Confidental DuPent Confidental
m—— e

Enhanced Performance Offering: Continuity of the Window-wall interface
Keys to Successful Use of Self-Adhered Flashing Products

» Continuity of window-wall inferface P rems
~ Shingling / lapped correctly Teiion # e triom D s @A
~ Moisture Management: Provide a Drainage Path for 5.1 Continuity —Continuityshallbe maintained
leaks b I tsinthafer productand
. i i i the weatherresistantbamerthatprovides weather
~ Installed Systems Testing: window-wall installation protection, airleakage control, and resistance to
as a comple're sysTem heat flow and vapor diffusion....
» Installation conditions (real life) that promote A continuous infegration at the window-
adhesion wall interface that provides a durable seal
p ; 23 to air, thermal, and moisture intrusion...
~ Material choice - durability & robustness ! *
~ Education: Provide hands-on training & support on “coulks and sealants are generally not a suitable
site substitute for flashing.” Durability by Design guideline
published by the Partnership of Advancirg Techrolegy in
L Mousing (PATH)
Flazhing Sy=tems OuPonk Confidential Flazhing Sy=tems DuPonk Confidential
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Enhanced Performance Offering:
Keys to Successful Use of Self-Adhered Flashing Products

~ Continuity of window-wall interface
~ Shingling / lapped correctly

~ Moisture Management: Provide a Drainage Path for
leaks

~ Installed Systems Testing: window-wall installation
as a complete system

~ Installation conditions (real life) that promote
adhesion

~ Material choice - durability & robustness
~ Education: Provide hands-on training & support on
site

LA
Flazhing Sy=tems

DuPont Confidental
—

Flashing Installation Method
Comparison:

Drainage System

Barrier System

'FIJramngs takenfrom ASTME2112, “Standard Practice for

[ "Evior Windows, Dopsmeand-Skykghts”. Figuras 11 & 15

Moisture Leakage Associated with
Windows Widely Reported

# "35% to 48% of newly installed windows were found to leak
through the window unit itself, through joints between the window
and the rough opening, or both.”

(Journal of Light Construction, November 2003, based on CMHC /
HPO study)

# "100% of installed residential windows examined after years in
service were found to leak either through the window unit itself or
at points of attachment to the building.”

(Journal of Light Construction, November 2003, basad on CMHC /
HPO study)

LA
Flashing Sy=tems

DuPont Confidental
—

2-D Flashing / Caulked Bottom
Flange

4

Out In

Traditional Window Flashing
Methods

ASTM E2112 Base Method - Barrier System
y

LA
Flashing Sy=tems

Barrier System Caulking and Flashing does
not “forgive” leaks at the window and
window-wall interface
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B— |
Observations on Base ASTM E2112 The Drainage Method:
Barrier Installation Method 3-D Flashing / Bottom Flange Not Caulked

Advantages:

Ease & Cost of Installation

Concerns:

; No Caulkofi |
Unforgiving to leaks in el
. Window or Window-wall )
interface Out In
S DuPent Conﬁﬂe_ﬂbal _bal
DuPont Flashing Systems DuPont FlexWrap”
b g
# DuPont FlexWrap™ was commercialized in TR L
Feb of 2001 | .

= Primary application is for sills, round top and
custom shapes

[fVERED

@ DuPont StraightFlash™ commercialized June
2002

« Designed to complement FlexWrap™ and be used where

conformability is not required rD =
+ 4" product designed to flash the jambs and heads of UN T
rectangular window - UU Flexes to conform or mold

- &l to any geometric shapes
Flazhing Sy=tems DuPont Confidential Flazhing Sy=teme DuPont Confidential
Various Sill Pan Designs - Revised ASTM E2112 DuPont StraightFlash™
:&- ': ;
» Complementary B G d =t
product to complete o
system
» Designed for straight
runs where
conformability is not
required
G ~ Consists of non-elastic
i sernare laminate and butyl
/ pan Mashings fﬂ":‘;l(’"ﬂ andd ;x:r adheswe
opanings in frama walls
woetail from the EESA W ater Management =
Flaiag 3 teme DiPont Confidantial Flazhing Sy=tems Diost
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Detailed Installation Techniques

Example: Flanged window / wood
frame after the weather resistive
barrier has been installed.

-
Flazhing Systems DuPent Confidential

Installation Method / Material Development

» Protect bottom corners into the rough opening
~ “Moldable” Self-adhesive flashing (SAF)
+ seamless 3-dimensional flashing on sill and 6" up
either side rough opening
+ single piece continuous head flashing for round-top
window applications.
~ Creation of a weep system by not applying
caulk on bottom flange

~ Self-adhesive flashing applied over jamb and

head flanges.
..~ Airseal and back dam by interior caulk joint
Flazhing Systems Dubers Confidentil

Modified “I-Cut” Method
@ ) @ ®
ALY ALE
Tyvek Tyvek'
? ® ® @
ALY, AL
Tyvek Tyvek
@ ® ® @
AL AL AL
Tyvek Tyvek' Tyvek'
i ® ® ® ® ® ]
Flash etiiled mmmﬂl

Modified “I-Cut” Method

Modified “I-Cut” hod
® @ @ e
ALE X A I
Tyvek = — 3 Tyvek
c———y S b
® ® ® ©
AL AL,
Tyvek Tyvek
o o oy Cowwr oy’
® @ @ &
AL AEE
Tyvek s Tyvek
oty 2, bt S Bt A
- || ® ® ® L] ® ®
Fl T DuPcrt Confidental
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Back Dam and Air Seal

i
Flazhing Sy=tems DuPont Confidential
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-

Various Back Dam Concepts

- ra
gy
\.I |
oo AL ‘I_-" # i
1o e !
=
1= [;:_]- | AN
[P 1 ’ el L
W
alu- ="

LA A & B: Detail for “Water Managad Walis™, JournalofLizhtConstruction. March 2003
Flazhing Sy=teme DuPent Confidential

LA
Flazhing Sy=tems

Flexible Sill Pan With Back Dam — Not Yet
Required, But A Good Idea

Insulation foam with Flex\Wrap™ sill pan

Sil pan should
Alwzys drain to
Weather-Resistve
Barriers

Readilxudrains to the front "}/
Port Confidental

Market Adoption Risk:

The Evolution of Window Installation Methods

High DrjinageFlashings
/Jill Pan Methods

Ferformance/
ASTME2112-
Methods A/B
-
Low {complex) High(easy)
" / &
Flaching Sy=tems Rebustness/Ease-of-Use

DuPont Confidental
—

Enhanced Performance Offering:
Keys to Successful Use of Self-Adhered Flashing Products

~ Continuity of window-wall inferface

~ Shingling / lapped correctly

~ Moisture Management: Provide a Drainage Path for
leaks

~ Installed Systems Testing: window-wall installation
as a complete system

~ Installation conditions (real life) that promote
adhesion

~ Material choice - durability & robustness

~ Education: Provide hands-on ftraining & support on
site

LAN
Flazhing Sy=tems DuPont Confidential

Detailed Testing & Development

LS
Flazhing Sy=tems DuPont Confidential
S asE e

Tested Systems

=

+

D |

= Windows and Walls are usually tested separately

= They should be tested as installed units

LAR
Flazhing Sy=tems DuPont Confidential
e
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Performance Assessment:
Exposure

During Service >

~Temperature/Humidity Cycling

During
Construction

~Liguid Water
~Uv ~Wind / differential pressures
~Rain ~Compatibility with adjacent
#Wind materials
~Temperature
~Humidity
” -
Flashing Systems DuPcet Confidental

Phase | : Installation Method
and Performance Specification

Flashing Product
FlexWrap™ prototypes
Competitive products

Installation Methods

Window installation
before WRB
after WRB

Window type
flanged
non-flanged

Install Window

"
Flazhing Sy=tems DuPont Confidential

Phase | : Installation Method and
Performance Specification

AirInfiltration/ Exfiltration Test (ASTM E283)
Measure infitration and exfiltration at

1" H,0 (25 Pa) (15 mph)

.3"H,0 (75 Pa) {25 mph)

1.2" H,0 (300 Pa) (50 mph)

Wall System Testing Goals

» Phase | : Installation Method and
Performance Specification

» Phase II: Durability of Installed Product

» Phase lll: Installation Variants

"
Flazhing Sy=tems DuPonk Confidential

Installed Window — Wall Testing
Protocol

FEF. Wesion T A, stal “Performance Testng of Wincow Insislation and Fasning Demis® 2002 Symposium on imorodng

5 Eusang Sy In ot & Fumia Clmaes, My
Fl_ém":-\mmy

DuPcot Confidental
——

Water Infiltration (ASTM E331)

& Standard water flow rate

# |nfiltration pressure of 1"
H>0 (15 mph) for 15 min

# Infiltration pressure of 3"
H,0 (25 mph) for 15 min

@ Moisture sensors will be
installed and monitored
during spraying along with
visual observations.

"
Flazhing Sy=tems OuPont Confidential
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Phase | Results

FlexWrap™ / installation
performed well- no leaks

Water leaks occurred at mull
joint

Caulk positioning provided
“forgiveness” for window
leak

LA
Flazhing Sy=tems OuPon Confidential

What Temperature Exposures Do SAFs
Experience After Installation?

o, Measured on wood siding on 80°F day in Northern California
Flazhing Sy=tems DuPonk Confidential

Phase II - Durability

® Repeat Air Infiltration / Exfiltration
# Repeat Water Infiltration
# ASTM E 330 — Wind Loading
- Infiltration load at 2" H,0 (65 mph) for 1 hour

- Exfiltration load at 2" H,0 (65 mph) for 1 hour

& Repeat Water Infiltration

LA
Flazhing Sy=tems OuPonk Confidential

Phase II: Durability

Thermal Cycling
0'F -- 160 °F, seven days cycling

6 hour cycles

# R

Accelerated aging +
ASTM E1677 evaluation

Retest walls for water and air infiltration
Flazhing Sy=tems DuPonk Confidential

Phase II - Durability

Thermal Cycling

= 0° F to 160° F for 7 days
at 4 cycles per day

s 6 hour cycles

AN
Flazhing Sy=tems OuPent Confidential

Traditional Peel ‘n Stick after Thermal
5 Cycling
e |

”
Flazhing Systems
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As Installed

After Air, Water, Durability and Thermal Exposure

»
Flaching Sy DuPcek Confidental

|Phase Il - No leakage in DuPont System
| After Thermal Cycling |

After Exposure (160°F)

" Cg(l and Hot Installation Phase lll- “Fal“tY”
. o Installations

Instaliation = Condition materials for
minimum of 1 hour

Install window

+ Reverse laps

» Butt and lap joints
i ) Jheimet S = Thermal cycle for 24 7
Cimar Preie \/“":;,?'* Sl - Bubbles and wrinkles

Test Air Infiltration /

Fastener penetrations
ggl)mtgx‘}v (AtSTM E Stretched materials
an ater

* No caulking
(Water 1earage Tesi) Leak ASTM E 331
oo D) eakage ( ) - No taping

‘7- Test walls for water & air infiltration

oy and durability
ol Flazhing Sy=tems DuPent Confidential
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Enhanced Performance Offering:
Keys to Successful Use of Self-Adhered Flashing Products

~ Continuity of window-wall inferface
~ Shingling / lapped correctly

~ Moisture Management: Provide a Drainage Path for
leaks

~ Installed Systems Testing: window-wall installation
as a complete system

~ Installation conditions (real life) that promote
adhesion
~ Material choice - durability & robustness

~ Education: Provide hands-on training & supporf on
site

LA
Flazhing Sy=teme

DuPont Confidential
—

|

Primary “"Types” of Self-Adhered Flashings
Bitumen & Butyl Adhesive

ASTM E2112:

X1.2 FlexibleFlashing—Self-Adhesive Type

X1.2.2 Bitumen Type Hashing—EBitumen flashing typically has a rubberized baumen

material applied to 3 sheet of polyethylens, polypropylens, or in some casesafoil.
In the majority of these products, the release sheet is puled off, exposing the
rubberzed bitumen adnesive, which is then put down on the flange or the frame,
depending on the installation method being used

X1.2.2 Butyf Type Rashing—Buty! flashing typically has a butyl adhesive applied to

a sheet of polyethylens, polypropylene, orin some cases afoll In the majority of

these products, the release sheet is puled off, exposing the butyl adhesive, which is

then put down on the flange or the frame, dzpanding on the instalation method
teing used. Some buty/type flashingsare formable so they cancover 3-

dimensionsl andnon-inear shapes suchas the hesds of round top windows. Some

other types of butyl flashings have less than 100% adhesive coverags integrated n
the film or camier that can be used in sil appications coverng the bottom flange

LA
Flazhing Sy=tems DuPont Confidential

Asphalt (Bitumen) Basics
= Natural products

- Has been in use since 625 B.C.!

- From asphalt lakes/deposits or heavy oil of
petroleum

- Complex mixture of organic compounds with
high unsaturation

- Relative low melecular weight

- May contain nitrogen, sulfur, heavy metals in
additional to carbon, hydrogen and oxygen

- Inherent unpleasant odor

= Key applications

- Road building materials
- Roofing felt

=N - Sealants

Flazhing Sy=tems

DuPont Confidential

Asphalt-based Adhesives

= Key advantages:
— Cheap!

= Key issues:
- Narrow operating temperature range
. Brittle/poor adhesion at low temperature
« Oozefflows at high temperature
- Poor chemical stability
- Sensitive to UV radiation
« Sensitive to thermal aging
- Stains easily
- Adhesives may become brittle overtime due to loss of VOC
- Questionable seal overtime
- Unpleasant odor

LA
Flazhing Sy=teme DuPort Confidential

Butyl Rubber Basics

= Synthetic elastomers
- First commercialized in 1942
- Monomers: isobutylene (>95%) and isoprene (<5%)
- Lowi/no unsaturation, little by-products
- Many grades available to cover a broad molecular weight
range (both cured and uncured)

= Key applications
- Inner tubes for tires
- Sealants (windows)
- Automotive suspension bumpers
- Electrical insulation
- Rubber sheeting for external use
- Elastomeric seal for hydraulic systems

LA
Flazhing Sy=temes DuPont Confidential

Butyl Rubber-based Adhesives

= Key advantages

- Broad operating temperature window
« Flexible/good adhesion at low temperature
« Resists cozing/flowing at high temperature

- Excellent chemical/physical adhesion to substrates
« Adhesion grows with time - repositionability!

- Excellent weather resistance

- Excellent chemical/moisture resistance

- Excellent stretchability

- No solvents/VOCs

- No odor

» Key disadvantages

- More expensive

LA
Flazhing Sy=temes DuPont Confidential
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Performance Comparisons

Modified Asphalt
Butyl Adhesives Adbesives*
1) Use T ature
oW v | zood to excellent | poor to zood
tenperature How-resistance | smbleto 180+ F | oozes above 120-140 F
2) Chemical stability
|UV-stability stable causes desratation
[Thermal Aznz stable sbove 200 F causes degratation
poor wih solvents &
IC ility with sealants / sub Iy inert elastomers
13) Adhesive performance
[R2posisonability generally yes Do
Procuct stains not lkely ves
tane dependent - can
|4) Sealability performance stable over time becoms britile
synthetic - easy 1o | nanwal - hard to conrrol
S) Product insredients control ‘often wasta stra:
6) Product odor no strong

* Note: L dmg on specific the performance of polymer-modifiad

SR P D
could be better than described here m geperal.
FlaARgEsoddte B here . enctn

-

Durability Considerations of Self-
Adhered Flashings

Must withstand UV exposure until covered by siding
(per manufacturer’s recommendation)

Must be able to maintain adequate adhesion and moisture
seal through environmental cycles (temperature and
moisture exposure)

Must maintain integrity (adhesive & topsheet) through
thermal cycles and resulting joint movement / settling of
building

LA
Flazhing Sy=tems

DuPent Confidental
—

Competitive Products after Accelerated
UV Aging for 14 days in Atlas Weatherometer

"
Flazhing Sy=tems DuPonk Confidential

Heat Durability of Self-Adhered
Flashings

Butyl sampies [l Asphalt samples Butyl samples |l Asphalt samples
Initial Samples on Housewrap Initial Samples on OS3

Flazhing Sy=tems DuPset Condentl

Heat Durability of Self-Adhered
Flashings — Aged 10 days at 160° F

-

deippxayy

Butyl samples [l Asphalt samples [l Butyl samples [l Asphalt samples
Aged Samples on Housewrap Aged Samples on 0S8

Flaching Systems DuPert Confidental

What is an Acceptable Adhesion
Level?

* End use requirement: Does the SAF adequately stick to
the wall and maintain its moisture seal?

* No performance based measurement exists

* Examined several substrates at a range of temperatures
and surface conditions (moist, dusty)

» Full Study reported at ASTM Symposium on the
Performance and Durability of the Window-Wall Interface,
Salt Lake City, April 18, 2004
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Adhesion Test Results: Dry OSB
at 27°C & 38°C (77°F & 100°F)
" OAT@MA20A3EB1EB2AEB3L
%
5
; 7
| = 7 =
3. = e — = 7
o =t : 7
2 1 /. bk i
! HHE=R | ="
DryOSB@27 C DryOSB @3 C
.I'-‘ldfmg Sy=tems DuPent Cmﬁoe_nual

Adhesion Test Results: Dusty OSB at 27° C

OA1 DA2 A3 BB1 OB2 @O83

Poel Adiwsion (N /ey

Dusty OS2

B e 02
BN Y
S

Failure mechanism — dust on adhesive E T e :—
LA - !
Flazhing Sy=tems Dubcet Conficent - )

Tyvek® Specialists Network

* 150 full time individuals located throughout NA
* Multi year training & certification program
= University styled curriculum focused on building science
fundamentals and product marketing
* Address needs of entire value chain:
* Consumers |
* Builders & Architacts
* Dealers
* Building Code Officials ~
* Services Performed include:
Building Science training for builders [
Code education
Field installation training
Energy Analysis
o Coordinate Local/Regional Advertising/Promotional Campaigns
Flazhing Sy=tems

DuPert Confidential

|

. ] oAl
7 mA2 |-
< — = / BA3 [—
§ —=5-1/ B51 |-
z | 7 @Bs2 |
§ . @83 [
H /
b nE
¥
o —
= - b
= - — N /4
- S =T :
We 028 - misted surface We: O3S - misted S whed Wet O35 - mstawiped & OSB- 15% mosture
peimec content
LA
Flazhing System=

Adhesion Test Results: Wet OSB at 27°C

DuPert Confidental
m——

Enhanced Performance Offering:
Keys to Successful Use of Self-Adhered Flashing Products

~ Continuity of window-wall interface

~ Shingling / lapped correctly

~ Moisture Management: Provide a Drainage Path for
leaks

~ Installed Systems Testing: window-wall installation
as a complete system

~ Installation conditions (real life) that promote
adhesion

~ Mafterial choice - durability & robustness

~ Education: Provide hands-on training & support on
site

LA
Flazhing Systems Ducet Confidental

Future Flashings Market

® Trend towards recommending pan flashings
= ASTM E 2112, EEBA Water Management Guide

@ Performance standards under development
= AAMA

® Reguirements increasingly shifting toward
window manufacturer specifications
= California SB800 and “right-to-correct laws”
= ASTM E 2112
» IRC

LAl
Flaching Systems DuPeet Conficential
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Need Clear Standards To Support
The Codes

@ More uniformly applied — standard
installation

# Connection to real world performance
# Separate construction phase from in
service phase

@ Combine different types of environmental
exposures

|

Lack of Performance Based Codes And Standards
Are A Hurdle to Innovation

Flazhing Sy=tems DuPont Confidential

Preference Barriers Hypothesis:

#- Cultural Values

@ Attitudes to change in general

# Perceived or real economic advantage
@ Influence of piers and others, or

# Any combination of these.

LAl
Flashing Systems DuPort Confidential

Preference Barriers Hypothesis:

& Cultural Values —

= driven (forced) by codes,

= ASTM [/ AAMA standards (based on non-adhered system)
= realization of liability — defects often hidden in wall

= problems often occur after expiration of builder's warranty
= responsibility of window-wall interface?

Attitudes to change in general

Perceived or real economic advantage

Influence of piers and others, or

Any combination of these.

IEEE

LA
Flazhing Sy=tems

DuPort Confidental

Preference Barriers Hypothesis:

#- Cultural Values

# Attitudes to change in general —
= risk aversion is typical
» methods handed down through generations —
confident that current system “works”

@ Perceived or real economic advantage
#- Influence of piers and others, or
# Any combination of these.

LA
Flashing Sy=tems

DuPont Confidental

Preference Barriers Hypothesis:

& Cultural Values
@ Attitudes to change in general
# Perceived or real economic advantage —
= Non-adhered or barrier system are lower cost options
= For drainage system, DuPont Flashing Systems material cost

~$15/window vs other self-adhered systems ~$5-10/window
(installed cost difference will be less),

Rigid sill pans can be >$25 each
Cost of installation defects is substantial!
= Trust in performance dosely linked to brand / image
# Influence of peers and others, or
& Any combination of these.

LA
Flazhing Sy=tems

Preference Barriers Hypothesis:

#- Cultural Values
@ Attitudes to change in general
# Perceived or real economic advantage
@ Influence of peers and others, -
» leverage of Tyvek® brand image,

= hands on support, through Tyvek® Specialist
network

= knowledge intensity / education
# Any combination of these.

LA
Flashing Sy=tems

ubers Conisntl
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DuPont Weatherization Systems
Product Introduction Timeline

FlexWrap™

e 4 =
\,3 3 -
[t Stuocorap® ahtFlash™

Berat
Tovek Fria ey
uT-v Berew Ttagher

| | | | |
19'95 19'96 b7 igbs 168 2000 2001 2om2 202 2004

o Note: Original Tyvek® “HouseWrap©introduced in 19280
Flazhing Sy=tems

DuPert Confidental
—

A Trusted
Brand Image
Prowxdly introducieg ties DuPomt
Tyweh Westherization Systeme Family.
s
Flazhing Sy=tems
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Appendix C: Innovation Presentations
Preference Panel, Fischer SIPs

What Is a SIP?

@7/16" OSB

@1 1b. EPS

#Flame Retardant Bead
#No out — gassing
@Structural Adhesive
@39 party tested

@Fully engineered

SIP General Info Advantages

* First used in 1952. Foam in 1978. * Energy Efficiency — Save up to 50%

* Are currently 1% of new construction. Whols Wall R-Value

* 28 member companies around the U.S.
* Structural Insulated Panel Assoc. (SIPA)
* Mostly used in wall & roof application
* Replaces 2x stud framing & fiberglass.

¢ Used m 70% Residential. 30% Commercial

LAVEL
o

F 4T pare 312 coem
“orma Dol T

Advantages Advantages

¢ Save Labor — Faster build Times * 3x stronger than stick construction.
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Advantages

¢ Less Waste/Theft on site.

Advantages

Advantages

* Vaulted Ceilings.

Barriers to Entry

Homeowners Response

* Willing to pay 5%-7% more.
* Look at upfront cost only.

* Would rather spend $$ on windows or
visible items then on the hidden walls.

Cost Comparison-Homeowner
Stick Home - $150.000 SIP Home — $158,000

Monthly Mortgage at Monthly Mortgage at

6.5% $950.00 6.5% $1.000.00
Ultilies $200.00 Utilities  § 100.00
Total $1.150 Total SIP $ 1.100 Save

$50/mo.

Appendix C: Innovation Presentations, Preferences Panel, Fischer SIPs
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Builders Response to Cost

* SIP package is 50% higher than lumber.
* Don't feel they can charge more.

* Don’t care about building better home.

* Want SIPS for the same price as sticks.

* Rarely look at the whole picture (product
costs + installation + time savings + waste
savings + theft + quality)

Architect & Designer

* Will look at overall cost.
* More open to spending more up front.
* Must be justifiable.

Wholeseller/Retail

* Work on small margins. want cheap price.

* Manuf’s can’t meet low margin due to low
volume.

Barriers to Entry

Homeowners

* Usually know more than the builder.

* Only a few books written on the topic.

* Find info on the internet — how nuch is
good info???

* Women make the buying decision.

* Exterior walls not “interesting to them™

Builders

* Don’t keep up with new innovations.
* Reluctance to change to a new product.

* Don’t read half the info we send them on
our product.

* Many not computer literate. (to surf the net)

Appendix C: Innovation Presentations, Preferences Panel, Fischer SIPs
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Realtors Architects/Designers

* Know that customers will pay more for * Can find info on the net.
energy efficiency.

* Often cannot explain whata SIPis to a
customer.

* Don’t understand R-Values. (more than just
a number).

Would rather push the “sizzle” items.
* Don’t know how appraisers look at it.

* Often unsure of connection details.
* Generally understand the product the best.

Wholesalers/Retail Barriers to Entry

* Have no idea what they’re selling.

* Don’t know when to suggest it’s use.

* Cannot answer technical questions.

* Want simple, easy products that move.

Homeowners Builders/Wholesalers
* Generally OK. * Can cause problems. Like standards
* Willing to work with what-ever * Different companies have different methods
manufacturer Suggests. * Sometimes get confused.

¢ Sometimes combine methods.
* Leads to frustrations on job site.
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Architects/Designers

* Creates the most problems.

* 28 Companies, 28 systems.

* Who's is best?

* Combine systems in spec’s.

* Get frustrated and resort back to comfort.

* Leave out details which creates work on
down the line for the builder.

Barriers to Entry

Homeowners

* Cannot find someone to use SIPS so they
stick build.

* Rely on SIP companies to suggest builder.

* Some SIP companies have installation
crews.

* Many have a small builder network to
recommend.

Builders

* Many are not interested in building with any
method different than stick.

* Can’t find training.
* Manu’s need to send a SIP rep to site.

* Annual meetings are geared toward

builders.
* Manu’s afraid to share their lists (comp)

Designers

* Many are not comfortable dealing with
SIPS (not enough standard details)

* Very few places they can get training/info.
* Design CD’s would be helpful.
* SIPA working on program.

Barriers to Entry

Appendix C: Innovation Presentations, Preferences Panel, Fischer SIPs
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Homeowners

* May see SIPS at a home show.

* Companies advertise in frade magazines.

* Rarely does a builder suggest them.

* Count on builders to make them aware of
new products.

* No National TV advertising.

* May have seen on “This Old House™

Builders/Designers

* SIPA has booth at the IBShow annually.

* SIPA has internet site. www.sips.org

* Advertising by companies in trade
magazines.

* Articles have been written. “This Old
House.”

* Seminars are held by companies.
* SIPA has a builder & designer program.

SIPA

* Working on fundraising. Needs $1-$2
Million annually.

* Will work on National TV ads.

* Promote in Newspapers & Trade Mag.

* Hold more publicity stunts (Habitat for
Humanity homes).

* Need to hire a Marketing Agency to lead.

Barriers to Entry

Homeowners/Builders

* Product can be used 1n any region with benefits.

* Banks/Appraisers/Insurance companies do NOT
aive added value to a SIP structure.

Mostly middle to upper income users. More
informed clients.

* Should be used more often in low-income
housing.

No incentive to builders to use the product.
Energy Star Builders should be all over SIPS.

Architects/Designers

* Some areas more inclined to use EE
products than others.

* Most designers don’t have standard plans
with SIPs or even SIP options.

* Average homebuyer doesn’t hire an
architect to design their home. (plan book)

* PATH recommends our product.
* Energy Star Rating.

Appendix C: Innovation Presentations, Preferences Panel, Fischer SIPs
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Other comments

Younger/affluent buyers are more common than
older and less educated buyers.

Men are more nterested vs. women 1n Structure.
But women do like EE.

Many people just don’t believe the foam 1s strong
enough. ..

Many don’t believe the energy savings claims.
Shipping & Freight can be an issue.

Our product s great for Vaulted ceilings.

Appendix C: Innovation Presentations, Preferences Panel, Fischer SIPs
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Appendix C: Innovation Presentations
Preference Panel, ICFA

Preferences as a
Barrier to Innovation
in the Housing
Industry

o T Insalating
U‘;n; Caoncrezte
v/ Fowm
e Avseciation

Wall Functions

Structure
Insulation
Finish Attachment
Chase for utilities

Typical ICF Wall

100% insulation (R- 18 to 22)
100% monolithic structure
Integral furring

Fully insulated chase cavity

End Result

Exterior shell with: ;¥4
Superior strength Vo

Thermal performance

High R-value
Thermal mass
Virtually no thru wall infiltration

Acoustical attenuation
Disaster resistance
Low Maintenance

Residential

Appendix C: Innovation Presentations, Preferences Panel, ICFA

ICF History

« EPS was created by the German
chemical company BASF in 1940s

* Werner Gregori created the foam ICF
concept in the mid 1960’s as a
foundation material, and submitted
patents in 1966.

. *ICFs amount to 0.1% of total above-
. f grade residential market share in 1994

* +ICFs reach 4.0% of total above-grade
residential market share in 2003

C-59
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Residential Above-Grade Market 1994-2005

(excluding Wood)

12.00%
B Masonry
10,004
L = 1 I BICFs
6.00% I I I m SIPs
4.00%
I I I m Steel
2.00%
. O Other Concrete
% Systems
R R A e P O LR
-0

Residential Above-Grade Market 1994-2005
100.0%
30.0% | Wood
80.06%
0,06 B M asoary
60.0%
mICF:
50.00%
10.0% @SIPs
30.0%
20.0% W Steel
10.0%
0.0%. O Otker Concrets
N & & x & 3 \“““ \"“q -\°°‘ v‘“‘ o \;\\‘ ‘r‘ ‘r\ Systems
& &
Design:

Designers/Architects/Engineers
* Education/Traming Materials
* Awareness
* Design Guides/Home Plans

* Exclusion in the Model Building Code
Advancements (ICC. ACL etc.)

Design:

Designers/Architects/Engineers
Design Flexibility

I [ [ [ [

Wood

iCFs

0 1 2 3 & s

W 1337 W199s O 2001

Pre-Construction: Product
Manufacturers/Materials
Suppliers
» Traming
» Location of Manufacturer/Shippmg Costs
+ Capital Investment/Capital Improvements
* Lack of Standards for Products
» Size and Resources of Firms

* Price of Raw Matenals

Appendix C: Innovation Presentations, Preferences Panel, ICFA

Pre-Construction: Product
Manufacturers/Materials
Suppliers

System Availability (Contractors)

Wood

ICFs

W 1337 W199s OI2001
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Construction:
Homebuilders/Subcontractors/Labor

Awareness of ICFs

iCFa

l

DAY 2% 4% % B0% 100%

1337 1999 02001

Construction:
Homebuilders/Subcontractors/Labor

How Building Codes Affect the Use of ICFs
(1 discourages; 5 encourages)

315 iz 3.2% 33 335

W 1227 1993 O2001

Construction:
Homebuilders/Subcontractors/Labor

Low Initial Cost of ICFs
Compared With Wood

[ [ T T 1

Wood

ICFa

1297 M 1333 O2001

Construction:
Homebuilders/Subcontractors/Labor

Construction Time Compared with Wood

Wood

ICFs

1 2 3 4 5

W 12e7 M13ze 02001

Construction:
Homebuilders/Subcontractors/Labor

Ease of Construction of ICFs
Compared with Wood

Wooa

ICFs

1 2 3 4

W 1997 M 1993 CJ2001

=

Appendix C: Innovation Presentations, Preferences Panel, ICFA

Construction:
Homebuilders/Subcontractors/Labor

Availability of ICF Subcontractor
Compared With Wood

I I | I I

T T T T

0 1 2 3 4 §

W 1237 1993 2001
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Consimction: Homebupz?;'gg:ztlr;cetr'ol;‘r.otection
Homebuilders/Subcontractors/Labor Versi : -
Groups/Agencies
Barrier by Size of A ¢ Syst
Builder wareness of Systems
10 or lsas | | I I I
Wooa
10 to S0 Homes
§1 1o 100 Homea
ICFs
More than 100 Homss
0 s 1 1.5 2 25 o 20%  40%  EO%N EON 100%  120%

Post-Construction:
Homebuyers/Consumer Protection
Groups/Agencies

How Much One Is Willing to Spend
for Each Benefit

Duvanter Puwntiel

Tndoer Nt Qauty

Ermgy Eftlmey

s

T T T T T

0% 20% 40%  60% B0% 100% 120%

WAL Leazt 5% Mors WA Least 1% More
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Appendix C: Innovation Presentations
Education/Communication Panel, DuPont Housewrap Flashing

an

Flashing Systems

DuPont Flashing Systems:
The development of unique self-
adhered flashing products

EDUC ATION/ COMMUNICATION As A Barrier To
InThet g I stry — HUD/PATH Expert
Panel Presentation
Hilton Embassy Row, Washington D.C.
November 3-4, 2004

6. Kimball Hart, Hart, McMurphy & Parks, Inc.
Based on on adaptation of a presentation by James D. Katsaros,
DuPont Flashing Systems Development Leader

What is Flashing?

“Configuration of
materials that are
arranged to direct
water to the exterior.

oW These materials could

be metal, asphalt-

- |mpreqnated building

% - Baper or adhesive
; B acked bituminous

= & S tape.”
- o Fine Homebuilding
S - N April/May 1998

Hustra ¥ the EZI her
Managament Gukle, 2002

Deflects Moisture Away from a building / structure
Flaching Systeme

DuPert Confidental
——

Market Risk Mltlgatlon'
Understanding Market i

Focus Groups
CurrentSituation

Focus Groups
Value Proposition for
Development

& sills are problem areas

LS
Flazhing Sy=tems

DuPcet Confidental

Outline

» Define Market Need for Self-Adhered
Flashing Products

* DuPont Flashing Systems Developments
* Self-Adhered Flashing Products
* Define, Develop, Test, Validate & Retest
* Installation Method Parallel Effort
* Upgrade of existing ‘Standards’, test ‘variations’
» Education Barriers Hypotheses:
+ Limiteddecision-makerattention and requirementforsufficiency
» Languageskillsandnon-Englishmaterials
= Limitations of existing education channels and needforface-toface

communcation toclinchtransaction
» Sufficientfim scale/resources and boom-relatedresistance

LA
Flazhing Sy=teme DuPent Confidential
——

Flashing Helps Prevent Damaging
Moisture Intrusion.

If installed correctly

DuPcrt Confidental
—

Traditional Flashing Products for
Windows & Doors

# Asphalt coated /

reinforced paper
# Polymeric Film
# Housewraps

. "r.“ht 3

_ | Deflect moisture, but don’t seal
DuPcrt Confidental
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Challenges with Traditional Flashing
Products & Methods

Can be worse than nothing if installed < ;
Incorrectly — acts as a “funnel” -

Market Wants Easy-to-Use, Forgiving System:
Advantages Self-Adhered Flashings....
When installed and used properly, Self-Adhered Flashings:

~ Provide a broad moisture seal at the window-wall
interface (extension of the sealant)

~ Are easy to install (peel and stick)

» Are versatile for many different installation methods
and openings (shapes / sizes / efc)

» Maintain their seal through joint movement between
dissimilar materials (durable topsheet)

» Provide a much more durable seal than a caulk joint
(which is the basis for non-SAF methods)

LS
Flaching Systems Dufcrt Confidental
Satll

Some concerns with Self-Adhered

Appendix C: Innovation Presentations, Education/Communication Panel, DuPont Flashing

Challenges with Traditional Flashing Products & Methods

Can be worse than nothing if installed
Incorrectly — acts as a “funnel”

[

But there are Concerns with the
Performance of Self-Adhered Flashings....

» "It doesn't always stick” (many examples of SAFs
falling off the wall)

7 How do T know SAFs are still working effectively

behind the siding after many years of thermal cycles &
environmental exposure?

» Self-Adhered Flashings can ooze and result in staining
cladding surfaces & interactions with caulk

# Lack of a standard for material properties - anything
can be a SAF

7 Lack of a standard for installation conditions to ensure
. performance
Flazhing Sy=teme

DuPcrt Confidental
—

Some concerns with Self-Adhered
Flashings...

LA
Flazhing Sy=tems

DuPcet Confidental
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Market Opportunity For Improved
Flashing?

& Water intrusion at windows and doors
is a serious issue
= Major source of litigation / new legislation
= Majority of problems related to improper installation

# Strong fit with Tyvek® Weatherization Systems
offering and core focus

#® Requested by our customers.

® Large Market Space w/ no clear market leader

LAJ
Flaching Systems DuPcrt Confidental

|

DuPont Self-Adhered Flashing via
Systematic Product Development Process

|:> Builder/Installer Opinions on

Focus Groups Current Products

i
Diagnostic | y Analysis of Current Products/
Wall Test Installation Methods
R&D = Development Candidates

I
¥

Focus Groups ) value Proposition, Likes/Dislikes

l
Performance o) Performance of New Product vs.
Wall Test Current Products

LA
Flazhing Sy=tems

DuPert Confidental

Concurrent Development of Flashing Material and
Installation Method

Focus Group Concept

Material Concept
Evaluation

Development:

PerformanceTesting
of Material /
InstallationSystem

"
»
H
i
.
.

DuPcrt Confidental
—

Enhanced Performance Offering:
Keys to Successful Use of Self-Adhered Flashing Products

~ Continuity of window-wall inferface

~ Shingling / lapped correctly

~ Moisture Management: Provide a Drainage Path for
leaks

~ Installed Systems Testing: window-wall installation
as a complete system

~ Installation conditions (real life) that promote
adhesion

~ Mafterial choice - durability & robustness

~ Education: Provide hands-on training & support on
sife

Ll
Flazhing Sy=tems

DuPert Confidental
p—

Enhanced Performance Offering:
Keys to Successful Use of Self-Adhered Flashing Products

~ Continuity of window-wall interface

~ Shingling / lapped correctly

~ Moisture Management: Provide a Drainage Path for
leaks

~ Installed Systems Testing: window-wall installation
as a complete system

~ Installation conditions (real life) that promote
adhesion

~ Mafterial choice - durability & robustness

~ Education: Provide hands-on training & support on
sife

"
Flazhing Sy=tems

DuPcet Confidental

Continuity of the Window-wall interface

o

RNy
TwbRam @ D Nrives Do wi g

5.1 Continuity —Continuityshallbe maintained
betweenelementsinthefenestration productand
the weatherresistantbamierthat provides weather
protection, airleakage control, and resistance o
heat flow and vapor diffusion. ...

A continuous integration at the window-

wall interface that provides a durable seal
to air, thermal, and moisture intrusion..

"coulks and sealants are generally not a suitable
substitute for flashing.” Durability by Design guideline
published by the Partnership of Advancing Techrology in
Mousing (PATH)

Flazhing Systemes

DuPcet Confidental
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Enhanced Performance Offering: Flashing Installation Method
Keys to Successful Use of Self-Adhered Flashing Products Com pa rison:

Drainage System

Barrier System

~ Continuity of window-wall inferface

~ Shingling / lapped correctly

~ Moisture Management: Provide a Drainage Path for
leaks

~ Installed Systems Testing: window-wall installation
as a complete system

~ Installation conditions (real life) that promote
adhesion

~ Material choice - durability & robustness

~ Education: Provide hands-on training & support on W
site P
L. *Drawings taken from ASTME2112, “Standard Practice for
Flazhing Systeme DuPeet Conidentil Fleting, BviorWindows, Dopsseand:Skasigits". Figures 11 & 15
Moisture Leakage Associated with Traditional Window Flashing
Windows Widely Reported Methods

ASTM E2112 Base Method - Barrier System
?

% "35% to 48% of newly installed windows were found to leak
through the window unit itself, through joints between the window
and the rough opening, or both.”

(Journal of Light Construction, November 2003, based on CMHC /
HPO study)

# "100% of installed residential windows examined after years in
service were found to leak either through the window unit itself or
at points of attachment to the building.”

(Journal of Light Construction, November 2003, based on CMHC /

HPO study)
"Flaching Systems oubers Conféental "Flaching Systems
2-D Flashing / Caulked Bottom Barrier System Caulking and Flashing does
Flange not “forgive” leaks at the window and
window-wall interface
v
Out In
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Observations on Base ASTM E2112
Barrier Installation Method

Advantages:

Ease & Cost of Installation

" Concerns:

- Unforgiving to leaks in
=1 Window or Window-wall
interface

" DuPont Confidential

DuPont Flashing Systems

# DuPont FlexWrap™ was commercialized in
Feb of 2001

= Primary application is for sills, round top and
custom shapes

# DuPont StraightFlash™ commercialized June
2002
« Designed to complement FlexWrap™ and be used where
conformability is not required

+ 4" product designed to flash the jambs and heads of
rectangular window

.
Flazhing Sy=teme DuPont Confidential
——

Various Sill Pan Designs - Revised ASTM E2112

Site-construcind or manufactured

pan Mashings for window and door
opanings in frama walls

widetail from the EESA Water Management I

Fadiag 32te mes

DuPent Confidential

The Drainage Method:
3-D Flashing / Bottom Flange Not Caulked

UU IJUNT Flexes to conform or mold

&l to any geometric shapes

Flazhing Sy=tems DuPort Confidential

DuPont StraightFlash™

———

» Complementary 1
product to complete :
system

» Designed for straight
runs where
conformability is not
required

» Consists of non-elastic
laminate and butyl
adhesive

-I:I‘sﬁ'ng Sy=tems dupers (I

Appendix C: Innovation Presentations, Education/Communication Panel, DuPont Flashing C-67



OVERCOMING BARRIERS

Detailed Installation Techniques

Example: Flanged window / wood
frame after the weather resistive
barrier has been installed.

R4S
Flazhing Sy=tems DuPont Confidential

Installation Method / Material Development

» Protect bottom corners into the rough opening
~ “Moldable” Self-adhesive flashing (SAF)

+ seamless 3-dimensional flashing on sill and 67 up
either side rough opening
+ single piece continuous head flashing for round-top
window applications.
» Creation of a weep system by not applying
caulk on bottom flange

~ Self-adhesive flashing applied over jamb and
head flanges.

.. - Airseal and back dam by interior caulk joint
Flashing Systems Dubces Confidentl

Modified “I-Cut” Method

Modified “I-Cut” Method
@ Q @ @ @
ALY ‘ AL
Tyvek: Tyvek'
B o g
] ® [ & e
ALK AL
Tyvek Tyvelk
@ 8 ® ® @
AL AES AL
Tyvek Tyvek Tyvek'
=t At C—— ———
- | ® s ® ® ® @
o S G
Modified “I-Cut” hod
e @ @ -
ALY N aEe
Tyvek S e — I Tyvek
P A ——y
® ® ® &
AL AL
Tyvek Tyvek
® @ @ @
AL AL
Tyvek - Tyvek
creemy L] ey L Oty
| |® ® ® ® @ ® ®
Flalibgoy DuPors Conhdental

LAN
Flaching Systcms DuPort Confidential

Back Dam and Air Seal
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Various Back Dam Concepts =

L ~ A & B: Detazl for “Water Managed Walis™, JournaloflizhtConstruction. March 2003
Flazhing Sy=teme DuPork Confidential
—

Flexible Sill Pan With Back Dam — Not Yet
Required, But A Good Idea

Sil pan should
Abuzys drain to
Weather-Resisive
Barriers

LA
Flazhing Sy=teme

Readilxudrains to the front k
ik Coboi

Market Adoption Risk:

The Evolution of Window Installation Methods

High DrjinageFlashings
/$ill Pan Methods

Performance/
ASTME2112-
Methods A/B
Low Caulk/Sealant
Low (complex) High(easy)
LA / -
Flaching S - Robustness/Ease-of-Use

DuPent Confidential
m—

Enhanced Performance Offering:
Keys to Successful Use of Self-Adhered Flashing Products

~ Continuity of window-wall inferface
~ Shingling / lapped correctly

~ Moisture Management: Provide a Drainage Path for
leaks

~ Installed Systems Testing: window-wall installation
as a complete system

~ Installation conditions (real life) that promote
adhesion

~ Material choice - durability & robustness

~ Education: Provide hands-on training & supporf on
site

LA
Flazhing Sy=teme

DuPent Confidential
m—

Detailed Testing & Development

LA
Flazhing Sy=temes DuPont Confidential

Tested Systems

=~ E

= Windows and Walls are usually tested separately

= They should be tested as installed units

LA
Flazhing Sy=teme

DuPont Confidential
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|
Performance Assessment: Wall System Testing Goals
Dt Exposure
Construction
- - + Phase | : Installation Method and
Duwingseniice Performance Specification
> Temperature/Humidity Cycling » Phase II: Durability of Installed Product
~Liguid Water
~Uv ~Wind / differential pressures
’qun ’Compatibilny with adjacent
et meete - Phase IlI: Installation Variants
~Humidity
"Flahing Systems - Fiahing Systems -
Phase I : Installation Method Installed Window — Wall Testing
and Performance Specification . Protocol

Flashing Product
FlexWrap™ prototypes
Competitive products
Installation Methods
Window installation

before WRB
after WRB
Window type
flanged
non-flanged
5 e m‘;mt:::iwmn?uwmlmmruw:cuzs-mmmmnm‘m
Flaching Systems p— Flaching Sy=teme g . ontente
Phase | : Installation Method and Water Infiltration (ASTM E331)
Performance Specification
Air Infiltration/ Exfiltration Test (ASTM E283) & Standard water flow rate

Measure infiitration and exfiltration at
1" H,0 (25 Pa) (15 mph)

-3"H.0 (75 Pa) (25 mph) @ |nfiltration pressure of .1"
1.2°H,0 1300 Pa) (50 mph) H>0 (15 mph) for 15 min

# Infiltration pressure of 3"
H,0 (25 mph) for 15 min

# Moisture sensors will be
installed and monitored
during spraying along with
visual observations.

e
Flashing Sy=tems DuPont Confidential
S AR
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FlexWrap™ [ installation
performed well- no leaks

Water leaks occurred at mull
joint

Caulk positioning provided
“forgiveness” for window
leak

LS
Flashing Systems DuPort Confidentil

What Temperature Exposures Do SAFs
Experience After Installation?

.

. Measured on wood siding on 80°F day in Northern California
Flaching Systems DuPurt Confidential

Phase II - Durability

® Repeat Air Infiltration / Exfiltration
# Repeat Water Infiltration
# ASTM E 330 — Wind Loading
- Infiltration load at 2" H,0 (65 mph) for 1 hour

- Exfiltration load at 2" H,0 (65 mph) for 1 hour

# Repeat Water Infiltration

LAN
Flashing Systems DuPort Confidential

Phase II: Durability

Thermal Cycling
0'F - 160 ‘F, seven days cycling

6 hour cycles

TN\

Accelerated aging +
ASTM E1677 evaluation

.. Retest walls for water and air infiltration
Flazhing Sy=tems DuPont Confidential

Phase II - Durability

Thermal Cycling

= 0° F to 160° F for 7 days
at 4 cycles per day

= 6 hour cycles

e
Flashing Sy=tems DuPont Confidential
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Traditional Peel ‘'n Stick after Thermal
Cycling

e
Flashing Sy=tems
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OVERCOMING BARRIERS

As Installed

Iy

After Air, Water, Durability and Thermal Eure

Flaching Sy DuPcet Confidental

|Phase Il - No leakage in DuPont System
| After Thermal Cycling |

After Exposure (160°F)

Cold and Hot Installation Phase "I_ “Faulty”
u - - Installations

Instalition = Condition materials for
minimum of 1 hour
= Install window
D Cocha R G g = Thermal cycle for 24

24 e Coid 24 hr Hot Camate
Climat= Profie \/ Prafie hours

- Reverse laps
Butt and lap joints
Bubbles and wrinkles

= Test Air Infiltration / + Fastener penetrations
§>8<f3")tﬁti:r‘1/v (A:STM E - Stretched materials
an ater :
Leakage (ASTM E 331) No cau-lklng
+ No taping
"’ Test walls for water & air infiltration
== . and durability
ol Flazhing Sy=tems DuPoot Confidential
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Enhanced Performance Offering:
Keys to Successful Use of Self-Adhered Flashing Products

~ Continuity of window-wall interface

~ Shingling / lapped correctly

~ Moisture Management: Provide a Drainage Path for
leaks

~ Installed Systems Testing: window-wall installation
as a complete system

~ Installation conditions (real life) that promote
adhesion

~ Material choice - durability & robustness

~ Education: Provide hands-on fraining & support on
site

LA
Flazhing Sy=tems DuPeet Confidentsl

|

Primary “"Types” of Self-Adhered Flashings:
Bitumen & Butyl Adhesive

ASTM E2112:

X1.2 FlexibleF ing—Self-AdhesiveType

X1.2.2 Bitumen Type Hashing—Bitumen flashing typically has arubberized bitumen
material applied to a sheet of polyethylens, polypropylens, or in some casesafoil.
In the majority of these products, the release sheet is puled off, exposing the
rubberzed bitumen adnesive. which is then put down on the flange or the frame,
depending on the installation method being used

X1.2.2 Butyf Type Hashing—Buty’ flashing typically has a butyl adhesve applied
3 sheet of polyethylens, po¥yoropylene, or in some cases afol In the majority of
these products, the release sheet is puled off, exposing the butyl adhesive, which is
then put down on the flange or the frame, depending on the installation method
being used. Some bulyliype flashings are formabie so they cancover 3-
dimensional andnon-iinear shapes such as the heads of round top windows. Soms
other types of butyl flashings have less than 100% adhesive coverage integratedn
the fim or camier that can be used in sl appications covering the bottom flange

”
Flazhing Sy=tems DuPont Confidential

Asphalt (Bitumen) Basics
= Natural products

- Has been in use since 625 B.C.!

- From asphalt lakes/deposits or heavy oil of
petroleum

- Complex mixture of organic compounds with
high unsaturation

- Relative low molecular weight

- May contain nitregen, sulfur, heavy metals in
additional to carbon, hydrogen and oxygen

- Inherent unpleasant odor

= Key applications

- Road building materials
- Roofing felt
o - Sealants
Flashing Systems DuPect Confidential

Asphalt-based Adhesives

= Key advantages:
— Cheap!

= Key issues:
- Narrow operating temperature range
. Brittle/poor adhesion at low temperature
. Ooze/flows at high temperature
- Poor chemical stability
- Sensitive to UV radiation
« Sensitive to thermal aging
- Stains easily
- Adhesives may become brittle overtime due to loss of VOC
- Questionable seal overtime
- Unpleasant odor

”
Flazhing Sy=tems DuPert Conidentl

Butyl Rubber Basics

= Synthetic elastomers
- First commescialized in 1942
- Monomers: isobutylene (>95%) and isoprene (<5%)
- Low/no unsaturation, little by-products
- Many grades available to cover a broad molecular weight
range (both cured and uncured)

= Key applications
- Inner tubes for tires
- Sealants (windows)
- Automotive suspension bumpers
- Electrical insulation
- Rubber sheeting for external use
- Elastomeric seal for hydraulic systems

LA
Flazhing Sy=tems DuPont Confidential

Butyl Rubber-based Adhesives

= Key advantages

- Broad operating temperature window
« Flexible/good adhesion at low tamperature
« Resists cozing/flowing at high temperature

- Excellent chemical/physical adhesion to substrates
« Adhesion grows with time -~ repositionability!

- Excellent weather resistance

- Excellent chemical/moisture resistance

- Excellent stretchability

- No solvents/VOCs

- No odor

= Key disadvantages

- More expensive

LAl
Flaching Systems DuPcet Confidentil
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Performance Comparisons

Modified Asphalt
Butyl Adhesives Adbesives*
1) Use T ature Ran;
ow flexibdity | zood to excellent | poor to zood
[Fizh temperature Sow-resistance | sableto 180+ F | oozes above 120-140F
2) Chemical stability
UV -stability stable causes degrataton
[Thermal Azm= stable above 200 F causes degratation
poor wih solvents &
(Compatibiliry wirh sealants / substrates zenerally inert elastomers
3) Adhesive performance
‘REPNWW g ly yes no
[Product stams not likely ves
e dependent - can
4) Sealability performance stable over time become britle
synthetic - easy 1o | panwal - hard to conrrol
S) Product insredients control ‘often wasta stre:
6) Product odor no StTong

* Note: Dependmg on specific f the performance of polymer-modified

.IZ.I. A.;%sg'}w&berm than describad here m general

-

DuPont Confidential
——

Durability Considerations of Self-
Adhered Flashings

Must withstand UV exposure until covered by siding
(per manufacturer’s recommendation)

Must be able to maintain adequate adhesion and moisture
seal through environmental cycles (temperature and
moisture exposure)

Must maintain integrity (adhesive & topsheet) through
thermal cycles and resulting joint movement / settling of
building

"
Flashing Sy=tems

DuPont Confidental
—

Competitive Products after Accelerated
UV Aging for 14 days in Atlas Weatherometer

"
Flazhing Sy=tems

DuPont Cmﬁ_dennal

Heat Durability of Self-Adhered
Flashings — Aged 10 days at 160° F

deippxoiy

4] -~

Butyl samples [l Asphalt samples Butyl samples
Aged Samples on Housewrap Aged Samples on 0S8

Flaching Systems DuPort Confidental

Heat Durability of Self-Adhered
Flashings

Butyl samples [l Asphalt samples Butyl samples |l Asphalt samples
Initial Samples on Housewrap Initial Samples on 0S8

Flashing Sy=tems DuPont Confidential

What is an Acceptable Adhesion
Level?

* End use requirement: Does the SAF adequately stick to
the wall and maintain its moisture seal?

= No performance based measurement exists

* Examined several substrates at a range of temperatures
and surface conditions (moist, dusty)

Full Study reported at ASTM Symposium on the
Performance and Durability of the Window-Wall Interface,
Salt Lake City, April 18, 2004

Appendix C: Innovation Presentations, Education/Communication Panel, DuPont Flashing C-75



OVERCOMING BARRIERS

Adhesion Test Results: Dry OSB
at 27°C & 38°C (77°F & 100°F)

!EIM MA20A30OB1EB2AB3L

=
o
&
g 77
i = 7
<1 ;/ ]
-1 i 7/ Ce— =
18. — 77 —
¢ I —
Tl m H 7/ =
pe v 794 ;
Dry0SB@27 C DryOSB @33 C
"
Flazhing Sy=tems

—

DuPert Confidental
m——

Adhesion Test Results: Dusty OSB at 27° C

OA1 DAZ A2 BB1 OB2 @33

Z

7

Pesl Adwsion(N lem

Adhesion Test Results: Wet OSB at 27°C

51X
mA2
7 BA3
7 =51
@s2
[83

N

Peel Adhe sion (N/ em)

/) [=]

T =

T T
Wet OZS - misted surface Wet O3S - misted 8 wiped Wet OS2 - mist&wiped & OSS - 15% mosture
primec content

NS

/]

= v

T

"
Flazhing Sy=tems

DuPent Confidental
s—

Failure mechanism — dust on adhesive 1 s Sttt "f‘
” -~ -+
Flaching Sy=tems= DuPeet Confident _ L

Tyvek® Specialists Network

* 150 full time individuals located throughout NA
* Multi year training & certification program
= University styled curriculum focused on building science
fundamentals and product marketing
* Address needs of entire value chain:
* Consumers [ |
* Builders & Architects
* Dealers
* Building Code Officials L
* Services Performed include:
Building Science training for builders
* Code education
Field installation training
Energy Analysis
e Coordinate Local/Regional Advertising/Promotional Campaigns
Flaching Systems

ubers Gl

Enhanced Performance Offering:
Keys to Successful Use of Self-Adhered Flashing Products

~ Continuity of window-wall interface
~ Shingling / lapped correctly

~ Moisture Management: Provide a Drainage Path for
leaks

~ Installed Systems Testing: window-wall installation
as a complete system

~ Installation conditions (real life) that promote
adhesion

~ Material choice - durability & robustness

~ Education: Provide hands-on training & support on
site

e
Flazhing Sy=tems

DuPont Confidental
—

Future Flashings Market

® Trend towards recommending pan flashings
= ASTM E 2112, EEBA Water Management Guide

# Performance standards under development
= AAMA

# Requirements increasingly shifting toward
window manufacturer specifications
= California SB800 and “right-to-correct laws”
= ASTM E 2112
» IRC

e
Flashing Sy=tems

Dupers Connl
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Need Clear Standards To Support
The Codes
# More uniformly applied — standard
installation
# Connection to real world performance

@ Separate construction phase from in
service phase

# Combine different types of environmental
exposures

Lack of Performance Based Codes And Standards
Are A Hurdle to Innovation

Flazhing Sy=tems DuPont Confidental
A Trusted
Brand Image
Prowdly introducieg tws DuPomt
Tywek Westherization Systems Family.
LAS
Flazhing Sy=tems

DuPont Weatherization Systems
Product Introduction Timeline

&
i

A !
HomeWrap® C

-~
T e @

L p F p™ Reflex®
s i &.=
Tyvek® ¥ = —— v:.n?'f,u&'n-.n R F
Tape StuccoWrap® A pCaws lash s
[ T TR M T I S N T
1 QIQS 1Q'IQE 1 9L7 19£S 1 QIQQ 20'00 ZLJOI 2052 2053 20'[)4

- Note: Original Tyvek® “HouseWrap®introduced in 1980
Flazhing Sy=tems

DuPent Confidental
—
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Appendix C: Innovation Presentations
Education/Communication Panel, SIPA

Structural Insulated Panels

HUD/PATH Barriers Research

Introductions

Ken Hawkins
General Manager
Premier Industries

Al Cobb
President
Panelwrights, LLC

Agenda

» SIPs - definition

» Types of construction
+ Market applications

» Communications

* Training

* Barriers

*QandA

Where are we now?

Better measurements still needed
but our best estimate shows....

51 Million sq. ft. in 2003

10-15% increase annually

70% residential

30% commercial

12,000 - 14,000 single family units
2,300 - 2,500 nonresidential buildings

What are Structural Insulated Panels ?
lation
Expanded
Polysty:
OSB Facings ;’E}gfﬁ',"’
Metal Polyisocyanurate
Concrete Structural
Adhesive
/
|
v
|
Wall Systems

A Superior Building Product
for Walls:

- Fast

= The more complicated the
design, the easier it is to build

- Control over materials and labor

- Solves problems prior to
construction

- Straighter and truer walls

- Tighter construction
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Roof Systems

A Superior Building
Product for Roofs

- Cathedral and vaulted
ceilings
Much faster dry-in
Shed roof designs
Open vauited hip roofs
Greater spans
Pre-insulated
Engineered

SIP Floor Systems

A Superior Building
Product for Floors

« Clean crawl spaces

« Floors that are pre-insulated

- Simple, easy, and fast

- Efficient over unconditioned
garages

« Floors that will not squeak

Connections

Electrical Chases

Spline Types

* Type S or Surface
spline (OSB).

* This is preferred ' .
because itis a (s
thermally broken
spline.

* No heat loss through g
conduction.

* Not all SIP mfg. have
this type spline.

ICBO NES Compliant

AR e 10

Code Recognized

Load Charts

Wall load design chart for combined axial & bending.
Load charts are broken out by spline type.

Wall Chart
UCARLEL I W L ariane

]

w__ar

im = |ee

> 4l = 5 0 s
<

mr
T aeaom

P 4
§
é‘i’!'i‘!‘!:
i
¥
i i

Appendix C: Innovation Presentations, Education/Communication Panel, SIPA C-79



OVERCOMING BARRIERS

Continuous Processing Continuous Processing
CAD/CAM CAD/CAM

2. SIP Software converts elevations into SIP

1. Starts with any CAD drawing.
shop drawings and material lists.

CAD/CAM Computer Developed Design and
Computer directed manufacturing

Two or Three dimensional
CAD/CAM

€ 57

gn

s

Custom Home Market

Face Desi

Fenner Residence

Sun Builders, Nevada City, CA
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PanelPros, Inc.

Production Home Market

Pulte Homes

Nonresidential Market

Nonresidential Market

Nonresidential Market

Nonresidential Market

Appendix C: Innovation Presentations, Education/Communication Panel, SIPA
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PanelPros

Communications

Save time
and labor
with SIPs,

Value Proposition Value Proposition
Builders Homebuyers
SIPs provide design ﬂexibi”ly, durablllty, and high A SIP home is ememely energy efﬁc,'ent' quiet’

thermal performance, making R easier to meet energy safe and sound. SIPs are environmentall
code requirements. SIPs can improve profitability and Tieridly (green). eraice oot Slr Giss IiItyy and
efficlancy by specding up.diy-In and cycla tino, and rovide built in quality, comfort, protection for
reducing on-site labor, material waste, and callbacks P qualty, . P

your loved ones, and guaranteed lower monthly
energy bills making long-term ownership more
affordable
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Publicity
www.sips.org E
- « Building Systems Magazine B
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SIPAN, e LA - Architect Residential :
ey e ety » Builder Magazine T P

» Forbes

« Pro Builder
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Promotional Literature/Ads Promotional Literature/Ads
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35
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Oak Ridge National Oak Ridge National
Laboratory Studies Labora
“SIP test room is 15
4" SIP wall out performs 6" stud wall with R-19 fiberglass times less leaky”

A3 CLEACCM DM BIE,
ICTETY
WICLE ML IS .

PRS-

" 2X8 mpression 4" SIP wall used 9% less h
o than 6” stick built with fibe
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Oak Ridge National
Laboratory Studies

ITETNON WAL SERTACE TEMPERITURL
as

0 —
s U

More even temperature and comfort

—

3 Simple-Affordable SIP Near Net Zero
Energy Houses built and occupied
*SIPA / TVA /| DOE / Habitat for Humanity
*Annual heating cost $92, cooling $74

* 45 cents per day

* 82 cents per day for total energy with plug loads

International Builders Show

Demonstration Houses

Next Gen House

Training
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Appendix C: Innovation Presentations
Education/Communication Panel, Premier SIPs

SIP Industry
Educatl_on / + Selling as a DIY component ?
Communication — Lacktraining
— www.sipsweb
As a Barrier to » Recognized / Approved training
Innovation in the — Liability
Housing Industry — Standardization
— Cost
— location
Supplier/Retail Market Specification Writer
+ Understanding panels + Proper application

— 84 lumber sells trusses

—Wicks Lumber test market - Guidelines & Specifications

— Example: Appalachian Mtn Club
« Industry standards nonexistent

Architectural Community Engineering community
« Standard Specifications + “Screaming for Information”
« Connection details — Standards
» Load-Design Data — Technical data
- Conformity to Code —iest Dala
- AlA continuing education + Safety Factors _
_ Strong demand » Example: Boonsboro Md. 4 Kip post
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Sales

« System vs. component
+ Educate the consumer
— Proficiency in the entire system and its
relation to the rest of the structure
» Shingles
» HVAC
» Jamb extensions

Trades / Union

+ Approved Training
« Field Certification

« Timber Framers Guild & Log Home
Builders Assc.

— Established apprentice training

Evaluation / Testing / Codes

- Adoption/acceptance by code community

+ Engineering review
— Weyerhauser
— Mitek
— Keymark & HSB

Builder

Owner/Builder

— Internet educated

Small builder

— Niche market

Medium Builder

— Established precedurs

Production Builder

— Fiscally committed

Academic / Operations Research

» Universities
» Solar Decathlon
- Oak Ridge Laboratories

- Building Sciences Corporation
— Supporting data
— Validation of system

Media: Real Estate

- Resale Value

+ Appraisals
—Value on energy efficiency?
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Learning and Education Specialist

+ Job Corp Training
— Curriculum development

« Community College (North Carolina)
— Training Program (installers)
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Appendix C: Innovation Presentations
Education/Communication Panel, PolySteel ICFs

A

TobyGed

HUD/PATH
Barriers to Innovation Panel
Education & Training

PolySteel.
Insulating Concrete Forms

*

Ty,

PolySteel
Insulating Concrete Forms

+ Building System Overview

+ American PolySteel History

+ Education and Communication
+ Barriers Encountered

+ Successes Achieved

+ Goals for the Future

PolySteel Building System Overview

PolySteel and other Insulating
Concrete Forms (ICFs) use
permanent insulation material as a
temporary concrete form to
construct reinforced concrete walls.

*

Ty,

PolySteel Building System Overview

The resulting structure provides:
» Supenor Comfort

*» Superior Safety, Security, and Protection

« Superior Energy Efficiency

«» Extraordinary Durability

« Reduced Maintenance

« Environmental Sustainability .

TG,

PolySteel Building System Overview

PS+3000

Waffle Grid
Forms
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PolySteel Building System Overview

Basic
Form

—

PolySteel Building System Overview

Steel Tie

Tongue &
Groove
Design

PolySteel Building System Overview

Vertical
Posts

Horizontal
Beams

PolySteel Building System Overview

TITPET]
n

Solid
Concrete
Wwall

PolySteel Building System Overview

PS«4000

Flat Wall
Forms
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PolySteel Building System Overview

Basic
Form

PolySteel Building System Overview

Setting
Forms

PolySteel Building System Overview

Solid
Iniform

Concrete

Wall

PolySteel Building System Overview

Setting Forms

PolySteel Building System Overview

Setting
Forms

PolySteel Building System Overview

Mgl

Stacking
Forms
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PolySteel Building System Overview

Bracing &
Aligning
Walls

PolySteel Building System Overview

Bracing
Openings

PolySteel Building System Overview

Placing
Concrete

PolySteel Building System Overview

-
-

by T{gﬁ%* "'{ Nom ) am

IR LRSI O F 3

4
i
£
2

s @indae s
LR
£y

e
+

4 e : &

Stronger Concrete W

PolySteel Building System Overview

Attachments

PolySteel Building System Overview

Gable
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PolySteel Building System Overview

Utilities

PolySteel Building System Overview

Interior
Finishes

PolySteel Building System Overview

Exterior
Finishes x

PolySteel Building System Overview

Exterior x,

Finishes W

PolySteel Building System Overview

led dLLLL )

Residential

PolySteel Building System Overview
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PolySteel Building System Overview

Residential W

PolySteel Building System Overview

Residential W

PolySteel Building System Overview

Multi-Family TG,

PolySteel Building System Overview

Multi-Story

PolySteel Building System Overview

Commercial

PolySteel Building System Overview
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PolySteel Building System Overview

Military »

&

Zusamen

Urtnan Lamidy) Todrhg Serst

|

PolySteel Building System Overview

American PolySteel History

« Conceived in 1966

« Founded in 1978

« Manufacturing & Sales

« Branded PolySteel in 1989
+ National Distribution

« National Media

« ICFA Charter Member

+ Energy Star Partner

American PolySteel History

« Perform Guard Addition
+ Product Redesign and Expansion

« Eliminated Manufacturing
+ Ongoing R&D

Education and Communication

+ Product Testing

» Design Engineering

« Installation Training

+ Code Evaluation & Approval

+ Trade Associations & Alliances

+ Media Promotion

+ Educational Institutions (usc, ata, voteg)

TolyGd,

Education and Communication

» Product Testing

+ Acoustic + Field Studies

« Fire - Thermal
« Ballisties - Cost

« Thermal Performance - Appraisal

« Whole-Wall R-Value
+ Flying Debris
« Blast *

TolySd,
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Education and Communication

» Design Engineering
« Structural Design Guidelines
« Structural Design Manuals
« Structural Design Computer Program
+» Full-Time Staff Engineer
+ FEMA Guidelines

« ACI, ASTM, PCA , & ICFA Committee
Leadership & Participation bl

oS,

Education and Communication

+ Installation Training
« Installation Manuals
« Installation Videos (Proprietary and Industry)
« Training Classes/Seminars
« Field Training and Support
« Industry Initiatives (UBC, JLC, NAHB, WOC)

*

TG,

Educationand Communication

+ Code Evaluation and Approval
« ICBO, SBCCI, BOCA, NER, ICC
« Canada
« NY City and State
+ Wisconsin
« Dade County
« LA City

Education and Communication
o — =

ICCES
Legacy Report
NER-515
for PolySteel
Insulating
Concrete
Forms

Education and Communication

+ Trade Associations & Alliances

« ICFA + ATA

« NAHB *» DBIA

« USGBC *« EEBA

« PCA « FEMA

« UBC * Habitat for Humanity

* HUD (CDBG. PATH)

* Energy Star ®

oGt

Education and Communication

+ Media Promotion

« National
« Television (Hometime, This Old House, Dream Builder, etc.)
+ News (CNN, Today)
+ Print (BH&G, Builder & Trades, Popular Science)
« Trade Shows (NAHB, WOC, AIA, DBIA, etc.)

» Regional & Local
« Television Shows and News
« Magazines & Newspapers
+ Trade Shows & Featured Projects *

ol Gtad,

Appendix C: Innovation Presentations, Education/Communication Panel, PolySteel ICFs

C-96



OVERCOMING BARRIERS

Education and Communication

+ Internet
« Bob Vila DotCOM Dream Home
« Industry Web Sites
« All of the Previous Outlets Multiplied

Education and Communication

+ Educational Institutions
» Curriculum Development
« PCA, CAC, UBC
« UBC Implementation
« Continuing Education (AIA, Contractors)
« Vocational Schools (Midland, ete.)

« On-Line Access
*

TG,

Education and Communication

There now exists sufficient design, testing,
installation, code compliance, and field
performance information available to
support the wide use of this technology
and demonstrate its value quickly and
easily to a prospective user.

What is getting in the way?
L

oS,

EducationBarriers Encountered

+ Record Demand for Housing
+ Home Ownership vs. Home Performance

+ Adoption and UNDERSTANDING of

Latest Codes and Evaluation Process

(No incentive for change, e.g., Perform Guard)
+ Fundamental Nature of Structural Product
« Limited Financial Resources of Fragmented Industry
+ Consumer Education
+ Technology Discrimination — How to Decide
+ Understandable Testing and Performance Standards
« Political Will to Change Performance Expectations

*

TG,

Successes Achieved

+ Builder Recognition

+ Prescriptive Method

+ Industry Standards (cs1, ACI, PcA)

+ UBC Acceptance

« NAHB Concrete HB Counecil

+ Production Builder Interest

+ Increased Educational Interest

+ Consistent Media Interest *

oS,

Successes Achieved

+ Market Penetration
« Distribution
« Commercial and Residential
« Public Awareness
« Affordable Housing (Wood Not an Option)

*

TG,
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|

Successes Achieved

ICF Shipments for Above-Grade
Applications

80 £7.1% E7.4%

1994 1995 1996 1997 1998 1998 2000 2001 2002 2003 X

Ty,

- IndustryConsolidation

- Expansion of Distribution & Training Outlets
- Expansion of Subcontracting Trades

- Spanish Language Training Materials

« Trainingon Line (Interactive?)

» ConsumerEducation

- Raising U.S. Construction Standards

- GlobalMarket Penetration *

-
Successes Achieved
ICF INDEX
ICF Shipment Growth Compared to Total Construction
500
0 T —Recisentiai conctrection —
40 4= 7ot Bullding Comstrsotion
30 —ICFA Shipmanis
300
250
200
"o
"o
“
. *
1993 1994 1086 1998 1867 1888 1999 2000 2001 2002 2008
-
Successes Achieved
Homebullder Awareness
.-
Precaat Concmts e .
L s '
R w ay] W
ot o et

Goals for the Future

+ ICF Industry Standards

Ty,

American PolySteel’s Mission

American Polysteel is committed to
working with our fellow citizens, in
reverence to all of creation, to improve
our quality of life by improving the
quality of the shelters we build, the
lives of those involved in the process,
and the environment in which we all
live, work, and play as we strive to
become better human beings. We are
committed to leaving the world a little
better than we found it so that future
generations have an unfettered *

opportunity to do the same. W
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Appendix D: Current ToolBase Innovations Database and Statistics

ToolBase Innovations

Combination Ventilation and Drip Edge System
Grid-Marked Sheathing

Insulation Alternatives: Sprayed Fiber Insulation
Mortarless Brick Veneer

Straw-Based Building Products

Strawboard Panels

Energy-Efficient Interior Storm Windows
Insulation Alternatives: Non-Fiberglass Batts
Spray-Applied Concrete Walls - 1/9/2004
Tubular Skylights

Fiber-Cement Siding

Blower Door

Tilt-up Roofs for Manufactured and Modular Homes
Plastic Composite Nails

Drywall Clips and Stops

Concrete Admixtures - 1/9/2004

Fly Ash Concrete

Crystalline Concrete Waterproofing

Fibrous Concrete Reinforcement

Decorative Concrete Floor Finishes

Trim-able Open Web Floor Truss - 5/2/2003
New Generation OSB Sub-flooring

Concrete Footing and Pier Forms - 8/13/2003
Frost Protected Shallow Foundations

Pre-Cast Concrete Foundation Panels

Wood Foundations

Natural Gas Refueling Station
Aluminum-Plastic Composite Water Piping
Modular Air Handler Hot Water Coil

Air Admittance Vents

Corrugated Stainless Steel Tubing (CSST) for Gas Distribution
Electrical Raceways

HVAC Sizing Practice

Plastic Plumbing Manifold -

Radiant Floor Heating - Dry System Hydronic
Wireless Thermostats - 5/2/2003

Duct Leakage Testing

Evaporative Coolers

Programmable Thermostats - 10/23/2002
Drywall Finishing Accessories

Wood Interior Wall Paneling System - 6/6/2002
Constructed Wetlands for Wastewater Treatment
Permeable Pavement

Low Impact Development (LID) Practices for Stormwater Management
Plastic Chamber Leach Fields

Prefabricated Exterior Stairs

Shared Wastewater Treatment Systems
Xeriscaping

Modular Block Retaining Wall Systems
Rammed Earth Construction -

Cob and Adobe Construction

Combination Steel/Wood Framing -
Fastenerless Steel Framing-Clinching

Flexible Framing Track - 3/5/2002

Modular Multiple Dwellings - ( 20kb)

On-Site House Factory

Prefabricated Storm Shelter

Reduced Thickness Wall Studs

Shear Wall Panels

Straw-Bale Construction

Two-Story Manufactured (HUD-Code) Homes -
Concrete Formed Homes

ICF Walls - Wood Fiber Composite Forms
Advanced Framing Techniques: Optimum Value Engineering (OVE)

Diffusion

B-Emerging
B-Emerging
B-Emerging
B-Emerging
B-Emerging
B-Emerging
C-Mature
C-Mature
C-Mature
C-Mature
D-Graduate
D-Graduate
D-Graduate
A-On the horizon
C-Mature
C-Mature
C-Mature
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C-Mature
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Affordability
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Quality/Durability

Qual/Dur
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Safety/Disaster Mitigation

Saf/Dis

Saf/Dis
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Saf/Dis

Energy Efficiency
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EnEffic
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EnEffic

EnEffic

EnEffic
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Environmental Performance

EnvPerf
EnvPerf

EnvPerf

EnvPerf

EnvPerf

EnvPerf

EnvPerf
EnvPerf

EnvPerf
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EnvPerf
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ToolBase Innovations

Plastic Composite Siding

Insulative Vinyl Siding

Composite Window Frames

EIFS-Drainable Systems

High Wind- and Impact-Resistant Asphalt Roofing Shingles - 3/8/2004
Panelized Wall and Roof Systems

Plastic Exterior Trim

Rain Screen Exterior Walls - ( 21kb)

Smart Vapor Retarders - 6/14/2004

Latex Foam Sealant

Wide Span Metal Roofing -

Impact Resistant Glazing

Split-Face Concrete Block

Cement Substitutes

Flexible Framing Anchor Straps

Manufactured Housing Ground Anchor Systems
Concrete Aggregate Substitutes - 1/9/2004

Two-Part Universal Sealant Cartridge - 7/1/2003
Wood Preservative - Low Toxicity

Crawl Space Foundation Systems - 3/21/2002
Manufactured Housing Disaster-Resistant Pier Systems
Foundation Drainage Panels

Hot Water Recirculation System

Hydronic Radiant Cooling

Structured Wiring Systems

Water Cooled Evaporative Air Conditioning - 4/3/2003
White LED Lighting

Central Air Purification/Ventilation/Dehumidification Systems
Full Spectrum Fluorescent Lamps

Humidity-Sensing Control Device

HVAC "Smart" Zoning Controls

HVAC Equipment and Duct Installation within Conditioned Space
Mini-Duct Air Distribution System

Modulating Furnace

Ray-Core Panels

Reverse Cycle Chiller - 6/13/2002

Electric Moisture Meters

Universal Design Bathtubs and Showers

Guide Marked Gypsum - 6/26/2003

Universal Design Kitchen Cabinet

Fiberglass Reinforced Plastic Exterior Decks
Recirculating Sand Filters

Cellular PVC Lumber

Engineered Wood Wall Framing

Hybrid Modular/Panelized Housing -

Pre-Cast Concrete Passive Solar Home

Steel L-Headers

Steel-Framed Modular Housing -

Recycled Wood/Plastic Composite Lumber

Insulating Concrete Forms

Foundation Flood Vents - 1/6/2004

Basement Escape System - 4/20/2004

Emergency Power Backup Systems

Laminar Flow Fixtures

Tankless Water Heaters

Autoclaved Aerated Concrete

Residential Light Gauge Steel

Electrochromic Windows

Vacuum Insulation Panel (VIP)

Window Film

Radiant Barriers -

Insulated Headers

Insulation Alternatives: Blown or Foamed Through a Membrane - 8/28/2003
Insulation Alternatives: Sprayed Foam Insulation
Low-E Glass and Spectrally Selective Glazing - 6/17/2002

Diffusion

A-On the horizon
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Affordability
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OVERCOMING BARRIERS

ToolBase Innovations

Pumice-Crete

Electric Vehicle ReCharging Station

Flywheel Energy Storage

Phase Change Materials

Solar Cooling

Aerosol Duct Sealing

Desiccant Cooling

Drainwater Heat Recovery

Fuel Cell Electrical Generation

Heat Pump Water Heaters

Information-Age Wiring for Home Automation Systems -
Passive Solar Ventilation Air Pre-heater
Photovoltaic (PV) Roofing

Self-Contained Heat Pump/Air Handler
Two-Stage Evaporative Cooler

Ductless (Mini-Split) Heat Pumps

Electric Radiant Ceiling Panel

Geothermal Heat Pumps

Heat/Energy Recovery Ventilators (HRV/ERV)
High-Efficiency Refrigerators

Horizontal Axis (Front-Loading) Clothes Washers
Horizontal Axis Washer-Dryer Combination Unit
Solar Water Heaters

Vertical Axis (Top-Loading) Energy-Saving Clothes Washers
Water Heaters With Space Heating Capability
SIP Modular Housing

Structural Insulated Panels

Low- or No-VOC Paints

Bamboo Flooring

Recycled Content Carpet -

Recycled Wood Flooring

Greywater Reuse

High Efficiency Air Conditioners without HCFC
In-Line Fans

Ventilation Control Systems

Kitchen Recycling Center

Low-Flow Plumbing Fixtures

Termite Baiting

Aerobic Wastewater Treatment Units

Drip Irrigation Leach Field - 11/13/2003
Gravel-Less Pipe Leach Fields - 11/13/2003
On-Site Sewage Disposal Systems - Overview - 11/13/2003 ( 32kb)
Pressurized Leach Field Dosing - 11/13/2003
Rainwater Harvesting

Substitute Aggregate Leach Field

Diffusion
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A-On the horizon
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Affordability
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Current ToolBase Innovation Database Statistics:

"On the horizon" Innovations (<10% diffusion?)
"Emerging" Innovations (10% to 30% diffusion?)
"Mature" Innovations (30% to 50% diffusion?)
"Graduate" Innovations (>50% diffusion?)

Total Innovations

Innovations offering "Affordability"” benefits

Innovations offering "Quality/Durability” benefits
Innovations offering "Safety/Disaster Mitigation" benefits
Innovations offering "Energy Efficiency" benefits
Innovations offering "Environmental Performance™ benefits
Total number of benefits

"Incremental-scale" Innovations
"Modular-scale" Innovations
"Architectural-scale" Innovations
"System-scale” Innovations
"Radical-scale" Innovations

Innovations with Existing Stock Retrofit "Capability"
Innovations with Existing Stock Retrofit "Potential"

Innovations related to "Site" Building Elements
Innovations related to "Foundation™ Building Elements
Innovations related to "Structural” Building Elements
Innovations related to "Envelope" Building Elements
Innovations related to "Partition" Building Elements
Innovations related to "Floor" Building Elements

Innovations related to "Fastener/Treatment" Building Elements
Innovations related to "Mechanical/Electrical” Building
Elements

"High" Technical Maturity Innovations
"Medium" Technical Maturity Innovations
"Low" Technical Maturity Innovations

Innovations involved in HUD "Field Demonstration”
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Appendix E: Informal Panel Recommendations Related to PATH
Operations

The following informal recommendations all address the removal of a communication barrier to
innovation and relate to PATH internal operations. The premise is that clearer, more targeted,
and potentially less misleading PATH communications will focus more attention on innovations
with a higher likelihood of acceptance.

1) PATH could stimulate housing innovation by rewarding it.
* PATH could convene a panel of industry experts to review nominated innovations.
* The best innovations, based on established judging criteria, could receive a major
award from PATH, including major press coverage.

2) PATH should pick only a few innovation “winners” for promotion.

* PATH resources are scarce.

* Because housing delivery system system-wide change is so difficult, PATH should
allocate more resources to supporting innovations proposing incremental change.

* Builders have a very high resistance to the risks inherent to system-wide changes. To
be accepted, any innovation must clearly offset both the risks and the costs of system-
wide changes.

* From the education/communication panel, PATH needs to establish at least five
criteria for determining if an innovation is ready for their support:

o Does the innovation provide an increased level of safety? (This can be
assessed by the Evaluation Service).

o Are there clear construction cost savings? Will these be passed on to the
consumer (home buyer)?

o Isthere a clear potential to reduce construction time?

o Does the innovation offer significant energy savings? How much and can
these projections be confirmed?

o Will the innovation improve the performance of the building or provide for
better long-term maintenance.

3) PATH needs to clarify the role of its Website and its List of Innovations.

* Simply listing innovations, as is currently done, confuses users. There should be some
technical review and some threshold of performance to be met before an innovation is
even listed. At the moment, all listings are inferred to be “recommended” in spite of
disclaimers to the contrary.

* Builders are seeking recommendations but will settle for some basic “vetting” of
innovations based upon some level of proven performance.

* Innovations are often so under funded that they cannot do full testing and reporting on
their own. Any testing completed should be reported on the website. PATH should
support testing and reporting for those who cannot.

* All of the above recommendations are in line with the concept that PATH, including
the website, should be a clearinghouse for all relevant information on an innovation.

* It would help to have a “better” or more organized “library” of work done to date,
including:
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Testing or evaluations done and sources of this data.
Buildings that have incorporated the innovation.
Demonstrations completed to date
Available Evaluation Service (ES) Reports.
0 Add a question to the Dodge/JD Powers Surveys to collect this data.
» Efforts to get market penetration data in order to establish stages of adoption should
be abandoned. An individual product’s place in the life cycle is not important.
* The current site is not particularly user-friendly, especially for a builder wanting to
get to basic questions answered quickly:
o Does it lower costs?
Does it save construction time?
Does it reduce time to sell the house?
Does it Work? Has it worked for others?
Is it code approved or certified?
o How to I find a manufacturer or supplier?
* Innovations should be grouped by both type and potential application.
* The website, especially “tool base” is not particularly easy to navigate, especially
deep.
* PATH needs to raise awareness of its website. Most builders and consumers would
not think of going to HUD first to find out about housing related innovations. They
would likely go to “This Old House” or “Ask Jeeves” first.

O O0OO0Oo

O O0OO0Oo

4) PATH should promote only those innovations that have a relatively complete set of
“parts”—and could have an important role in assisting innovators in developing needed
capabilities
* Everything is available to facilitate installation.

* “Fail Safe” installations are “in the can.”
* Quality processes have been designed and, if possible, proven by testing.

5) Path needs to do more to display the innovations they choose to support.

* Both consumers and builders choose from what they see.

* To encourage acceptance of innovations, PATH needs to find more ways to display
these innovations so they can be seen and appreciated.

* Comment from the Education/Communication panel: Unfortunately, about 80% of
builders are smaller local and regional builders who really don’t have time to stop and
retrain in order to accept an innovation. The question is how best to drill down critical
information to them so they will take action. | am open to any idea that can jump the
“cost savings/time savings” hurdle. But, frankly, few ideas are coming at me right
now. My typical sources for new ideas are:

o Builder shows
0 Salesmen
o Trade magazines, and Subcontractors.
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