
















































































































































































































































































Chapter 2

Timber Bridge Initiative Participants (TBIP) - In 1989 the U.S.
Congress funded the National Timber Bridge Initiative to improve
rural transportation and local economies by utilizing wood for
bridge construction. Over 270 demonstration bridges in 48 states
have been funded under this program as of 1993 (USDA 1993). To
determine if differences exist between bridge decision-makers and
those involved with innovative timber bridge design, an additional
sample of 104 participants from the TBIP in the selected 28 states

was included in the study.

Geographic Regions - In order to understand why adoption of bridge
materials varied between regions of the United States, five discrete
geographical areas were utilized for this study. These regions were
chosen because of different timber bridge usage, different bridge
material selection protocols, and different timber resocurces. To
establish a representative sample of the various engineering groups,
each region was sampled with approximately 240 decision-makers or
80 at each decision-making level. An additional 104 highway
officials who were involved in TBIP demonstration bridges were

sampled from the 28 states as one group.

Data Collection
A mail questionnaire was used for primary data collection. A
mail survey is considered an efficient and cost effective way of

securing data from a wide geographic base. The gquestionnaire
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consisted of three primary areas. The first area used rating scales
to collect data concerning overall bridge material performance and
the engineers' past experiences with various bridge materials. This
information identified exactly how timber is perceived by engineers
and provides a basis for the development of marketing strategies.

The second area of the questionnaire used rating questions to
collect data concerning how timber compares with prestressed
concrete, steel and reinforced concrete on eight pre-selected
attributes. These data will assist in addressing where timber must
improve performance characteristics. The third area consisted of
multicotomous gquestions to gather information about the respondents.
In particular, individuals were asked about past exposure to timber
engineering.

The questionnaire was reviewed by knowledgeable civil
engineers and university personnel to test its face wvalidity,
clarity, and to ensure no important bridge material selection factor
was overlooked. A pretest was then conducted with bridge engineers
in the various decision-making groups in Virginia, Wisconsin and
Minnesota. The responses from this pretest were used to clarify
question wording and revise the set of material attributes and
factors in the decision-making process.

A disguised questionnaire with a cover letter explaining the
purpose of the study was mailed to 1330 engineers in April of 1993.
No correspondence stated that the study was being conducted by the

Department of Wood Science at Virginia Tech as it was felt that this
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would bias some respondents answers or have a negative affect on the
response rate. In order to increase response rates, a reminder post
card was sent two weeks after the initial mailing. Four weeks
following the initial mailing a second questionnaire was mailed with
a cover letter requesting participation from non-respondents. A
second reminder post card was sent two weeks after the mailing of

the second questionnaire. A total of 848 surveys were returned, 751
which were usable, resulting in a adjusted response rate of 61%.
Non-usable responses indicated that the decision-maker was not
involved with bridges or the private consulting firm was no longer

in business.

Non-Response - In order to test for non-response bias, 50 non-
respondents were contacted by telephone and asked to answer selected
questions. These individuals represented the three primary decision
making groups. They were asked questions concerning material
preference, ratings of important bridge material factors, timber
design education, and job duties.

Multivariate Analysis of Variance (MANOVA) was utilized to
determine if significant differences existed between respondents and
non-respondents on the selected parameters. In no case could the
hypothesis of no difference between respondents and non-respondents
be rejected (= = .05). Since this study is concerned with timber
perceptions, Analysis of Variance (ANOVA) was used to determine if

respondents and non-respondents differed. Again, no significant
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difference at a (=< = .05) could be determined. These results
suggests that non-response bias was not a problem and that

respondents represented their respective populations.

RESULTS and DISCUSSION

Data Analysis

Analysis of data began with one-way tabulations to identify
coding errors, item non-response, locate outliers, and calculate
summary statistics. Multivariate Analysis of Variance (MANOVA) was
used to test significant differences between bridge materials,
decision-maker groups, and geographic regions. Factor analysis was
utilized to group material attributes into smaller homogeneous

groups for comparison purposes.

Respondents

Forty percent of the respondents were from state DOT offices, 30
percent were classified as private consultants, and 30 percent were
local or county highway officials. Forty-four percent classified
themselves as design engineers, 17 percent reviewed design plans,
17 percent were responsible for maintenance of bridges, and 22
percent were involved in administration or other activities. Nearly

70 percent of highway officials said their state had standard bridge
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plans, but only one-third of these said the plans included designs
for timber.

Highway officials were asked to state what materials they had
used in the past five years in bridge design or replacement.
Eighty-four percent of responding officials had used prestressed
concrete, 79 percent had utilized reinforced concrete, 68 percent
had employed steel in bridges, and 46 percent had experience with
timber in bridges in the past five years. Approximately 40 percent
of the respondents had a formal course in timber design, with one-
third saying it was mandatory. Fifty-four percent of the
respondents indicated they were aware of the recent changes in
timber design, with one half saying these changes have improved

their impression of timber as a bridge material.

Overall Performance
To determine if differences existed in the perceived overall
performance of different bridge materials, several propositions were
posed for analysis. The following section describes each
proposition and the result.
Proposition 1. Decision-makers perceive timber to be lower 1in
overall performance than competing rural bridge materials
(prestressed concrete, steel, reinforced concrete).

Utilizing a Multivariate BAnalysis of Variance (MANOVA)
perceptions of timber were shown to differ by decision-making level

and geographic region. Timber was rated lowest by all groups and
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regions (Table 1). The results indicate that this perception of
timber is uniform across decision-making level by geographic region,
the only material to do this. Prestressed concrete was rated
highest, followed by reinforced concrete, steel, and timber. This
was uniform by decision group and geographic region. This finding
agrees with conclusions drawn by Dunker and Rabbat (1992) concerning
the actual performance of bridges as reported in the National Bridge

Inventory data base.

Proposition 2. Perceptions of the overall performance of timber as
a rural bridge material differ by decision-maker type (State DOT,
private consultant, or local highway official).

Timber was rated last in performance by each level of decision
maker (Table 1). However, significant differences did exist by
decision group. Local highway officials rated timber the highest
in overall performance, followed by private consultants. State DOT
engineers rated timber the poorest performing bridge material
(Figure 2).

Proposition 3. Perceptions of the overall performance of timber as
a rural bridge material differ by geographic region.

Significant differences in the perception of timber as a rural
bridge material existed by region at a .05 significance level. The
Northeast and Midwest regions' decision-makers rated timber higher
as a bridge material than the other regions. The Mid-atlantic

region rated timber poorest in performance (Table 1).
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Although the South has the highest number of timber bridges,
decision-makers in this region perceived timber to be the poorest
performing bridge material. Results from open-ended questions
indicate that high decay rates and maintenance requirements are the
primary reasons for this perception. Personal interviews in
Mississippi indicated that numerous timber bridges are being built
without engineering design. This may be one reason for poorer

performance of timber bridges in the South.

Proposition 4. Perceptions of the overall performance of timber
differ based upon past usage in bridges and previous educational
exposure to timber design.

To analyze this proposition engineers who have worked with
timber in the past five years were compared with those who have not
used timber in bridges or bridge design. Officials who have had a
course on timber design during their professional training were
compared with those who have not been exposed to timber.

Respondents who have utilized timber in the past five years
felt significantly (p < .01) better about its overall performance
than those who have not used timber. However, there was no
difference (p = .91) in those individuals who have had a course in
timber design during their professional career, to those who have
not.

These results indicate that people who have tried timber
recently feel better about its performance and that negative

perceptions may exist by those who have not tried timber in the past
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five years. Unfortunately, those individuals who have had at least
one course in timber design, feel no different than those who have
had no course in timber design. This contradicts a current belief
that negative perceptions exist because engineers are not trained
in timber design. It may also indicate that more than one course
in timber design is needed to improve the engineer's perception of
timber.
There was no significant difference with the education

(p = .10) or age (p = .22) of highway officials in their perception

of timber as a bridge material.

Proposition 5. Timber Bridge Initiative Program participants
perceptions' of the overall performance of timber is better than
those individuals who have not participated in the program.
Timber bridge initiative participants perceived timber to be
a better performing materiél than did the other decision-making
groups (p < .01). This may not be surprising since many of TBIPs
were local officials which rated timber higher than did the state
or private engineers. It also supports the theory that individuals
who have utilized timber in recent years do perceive it to be better

than highway officials who have not used timber in design.

Material Attributes
Every product can be viewed as possessing a collection of
characteristics or attributes that impact its commercial success.

These characteristics may be physical and measurable such as modulus
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of elasticity, market-related as in the case of price, or more
nebulous characteristics such as quality or value (Trinka et al.
1892). A thorough understanding of these factors will help place
timber better in the bridge marketplace. By identifying how its
product compares with competitive products on these attributes, a
manufacturer can better address the requirements of its customer.

Eight important attributes were identified in the bridge
material choice decision by civil engineers across the United
States. These attributes were: Low maintenance, pleasing
aesthetics, environmentally safe, low cost, easy to design, easy to
construct, long life, and high strength (Table 2). On all
attributes except easy to construct, timber was rated last or second
to last. Prestressed concrete and reinforced concrete were the top
rated materials on all of the attributes except easy to construct

and high strength (Fig. 3).

Factor-Analysis of Material Attributes

Hair et al. (1992) states that factor analysis can be utilized
to examine the underlying patterns or relationships for a large
number of variables and determine whether or not the information can
be condensed or summarized in a smaller set of factors or
components. Principal component factor analysis is used when the
objective is to summarize most of the original information

(variance) in a minimum number of factors for prediction purposes.
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Employing a principal components factor analysis to the eight
attributes for each bridge material type, two factors with an eigen
value greater than 1 resulted. This criterion, according to Stevens
(1986), is probably the most widely used in determining the number
of factors to be retained. Each attribute's locadings (correlations)
on the respective factor exceeded 50 percent, which according to
Dillon and Goldstein (1984) is the test for practical significance.
With each of the four separate factor analyses, the same 5 variables
loaded on factor 1, and the remaining 3 variables loaded on factor
2 (Table 3). A varimax rotation was employed to assist in the
interpretation of variables as suggested by Hair et al (1992). The
first factor was grouped according to physical characteristics (long
life, high strength, low maintenance, environmentally safe, and
pleasing aesthetics) while the second factor was design decision
criteria (easy to design, low cost and easy to construct).

The reliability of the two factors were analyzed using
Cronbach's alpha. The cut-off point to measure if a factor was
internally consistent (reliable) was .60 (Bagozzi and Yi 1988, Peter
1979). For each material the reliability exceeded this minimum,
which indicates that the dimensions created by the factor analysis
were internally consistent (Table 3).

Following the factor analysis, computation of factor scores is
possible to obtain composite observations on each factor. Hair et
al. (1992) states that factor scores have the advantage of

representing a composite of all variables loading on the factor,
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whereas surrogate variables represent only a single variable. A
simple method to compute factor scores is to add up the raw scores
for any given individual's 1loading on a factor (Comrey and Lee
1992). Mean factor scores were then calculated for each material

type: prestressed concrete, steel, timber, and reinforced concrete.

Material Dimensions

Timber was rated lower on the physical characteristics
dimension and rated only egqual with steel on the design criteria
dimension (Fig. 4). Timber was rated lowest by state DOT and
private engineers on each dimension. Local highway officials rated
timber higher on design criteria, while those who have participated
in the recent timber bridge initiative program (TBIP) rated timber
higher on physical characteristics (Fig. 5).

Geographically, timber was rated higher on design criteria in
the South and lower in the Mid-atlantic states. On physical
characteristics it was rated higher in the Midwest and lower in the
South (Fig. 6). Since the South and Mid-atlantic regions had the
lowest over-all perception of timber, this may indicate that the
physical characteristics of the product dominate when a perception
is developed. It would also indicate that it is the primary
dimension in which manufacturers need to address their efforts to
improve timber as a bridge material.

Highway officials who had utilized timber within the past five

years rated timber statistically higher than those individuals who
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have not used timber on both dimensions (p < .01), while previous
educational training in timber design had little effect on their
over-all ratings of the two dimensions (p < .35, p < .42 ). Those
officials who have participated in the timber bridge initiative
program rated physical characteristics higher (p < .01) than highway
officials as a group. These results are supported by those
individuals who said they were aware of the recent changes in timber
bridge design (p = .04), or have attended a timber bridge conference
(p < .01), felt significantly better about the physical
characteristics, than those who were not aware of changes. There
was no significant difference between these groups and other
officials on the dimension of design. These improvements in
perceptions on physical characteristics may be attributed to recent

educational activities of the Timber Bridge Initiative Program.

Criteria Important in Choosing a Bridge Material

Respondents were asked to rate the importance of certain
factors in their choice of a bridge material. The number one factor
was other highway officials (peers). Opinion leaders will play a
very important role in the transfer of timber bridge technology.
Identification of these individuals will assist in continued
adoption of modern timber bridges. This was followed by government
research, journal articles about materials, and seminars sponsored
by material suppliers. All of these can be classified as

educational activities. Education may reduce the risk that highway -
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officials may perceive in trying this new technology. Risk is an
important factor in the design decision. Not only is safety of the
material an issue, but the reputation and professional license of
the engineer may be in question if a product fails. Every effort
needs to be made in reducing the risk the highway official perceives
to exist when trying a modern timber bridge.

Marketing practices reportedly had little influence on their
choice of bridge materials. The lowest rated factors were
advertisements in  magazines, personal calls by sales
representatives, unsolicited sales literature and trade shows or
conventions. Although marketing practices were rated low, highway
officials may have been reluctant to indicate that marketing played
an important role in the source of information for their decisions.

Officials were asked open-ended questions concerning the best
locations for timber bridges. Repeatedly the response was low
volume, short span, and in aesthetic areas. However, timber was not

rated the highest on this latter bridge attribute.

CONCLUSION

This study sought to determine exactly how engineers and
highway officials perceived timber on certain important attributes.
Timber was perceived to be the poorest performing material for
bridge applications compared to prestressed concrete, steel, and

reinforced concrete. The only attributes it rated well on were easy
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to construct and pleasing aesthetics. However, prestressed and
reinforced concrete rated higher than timber on the attribute of
pleasing aesthetics. Respondents did perceive timber to be
different by decision group. Local officials rated timber better
than did private consultants and state DOT engineers. Timber rated
higher in the Northeast and Midwest regions of U.S. The education,
age and training of the decision-maker had little effect on their
perceptions of timber. The major factor was past usage of timber,
suggesting that perceptions of timber will improve with use of new
designs. This was also supported by the Timber Bridge Initiative
participants who rated timber higher in perceived performance and
the attribute dimension physical characteristics.

Timber design engineers need to address the requirements of
reducing maintenance and increasing the lifespan of timber bridges
to gain wider acceptance. Designs must also be aimed at reducing
total bridge costs. Experts in wood treating must address why
timber in bridge use 1is not lasting the expected 50 years.
Marketing activities must address the educational needs of the
decision maker. The greatest opportunity for timber bridges appear
to exist in the Midwest and Northeast, where timber is currently
perceived higher in performance and attribute ratings, there is a
high level of local control of rural bridges, and where decay is

slower than other regions of the United States.
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Table 1. Mean Performance Scores by Material Type, Decision-Making
Group and Geographic Region

Decision-Making Group
(Mean Response)
Overall Local state Private P-Value
Response’ Officials DOT Consultant TBIP? Univariate
"F-Test"
Prestressed 5.79 5.78 5.80 5.84 5.51 .45
Concrete
Steel 4.87 4.83 4.91 4.92 4.51 .53
Timber 3.70 3.99 3.28 3.73 4.41 .00
Reinforced 5.41 5.52 5.44 5.35 5.10 .73
Concrete
Multivariate Hotellings Test P-value = .00
Geographic Region
Northwest South Mid- Northeast Midwest P-Value
Atlantic Univariate
"F~Test"
Prestressed 6.00 6.06 5.86 5.50 5.56 .03
Concrete
Steel 4.72 4.99 5.04 4.95 4.78 .02
Timber 3.80 3.32 3.17 4.01 3.99 .00
Reinforced 5.35 5.89 5.37 5.19 5.26 .01
Concrete
Multivariate Hotellings Test P-Value = .00
P-Value
Multivariate Analysis of Variance (MANOVA) Multi-
Decision-Making Level by Geographic Region variate
"F-Test"
Prestressed Concrete .02
Steel .04
Timber .34
Reinforced Concrete .00
Multivariate Hotellings Test P-Value = .00
1: Scale 1 (below average) to 7 (above average), average = §
2: Timber Bridge Initiative Participants
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Table 2. Attribute Ratings by Decision Group

Attribute Decision Group
(Mean Response)
Low Maintenance Oover- Local State Private TBIP P-Value®
all?

Prestressed 5.87 5.84 5.97 5.85 5.53 .14
Concrete
Steel 4.19 4.40 4.21 4.05 3.87 .03
Timber 3.71 3.89 3.55 3.865 4.18 .03
Reinforced 5.46 5.64 5.51 5.29 5.24 .02
Concrete

Pleasing

Aestheties

Prestressed 5.10 5.14 5.14 5.12 4.38 .98
Concrete
Steel 4.87 4.55 5.04 5.00 4.41 .00
Timber 4.92 5.16 4.68 4.91 5.35 .00
Reinforced 5.05 5.04 5.04 5.19 4.64 .49
Concrete

Environmentally

Safe

Prestressed 5.71 5.72 5.87 5.60 5.35 .02
Concrete

Steel 4.63 4.81 4.47 4.42 4.60 .03
Timber 4.65 4.73 4.56 4.72 4.68 .33
Reinforced 5.52 5.54 5.62 5.46 5.19 .23
Concrete

Low Cost

Prestressed 5.18 4.72 5.44 5.26 4.86 .00
Concrete

Steel 4.26 4.41 4.15 4.33 4.12 .08
Timber 4.41 4.88 3.94 4.62 4.53 .00
Reinforced 4.89 4.69 5.11 4.79 4.74 .00
Concrete

l: Scale 1 (below average) to 7 (above average), average = 4

2: Values do not include TBIPs in the MANOVA comparisons.
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Table 2. (cont’') Attribute Ratings by Decision Group
Attribute Decision Group
(Mean Response)
Easy to Design Over- Local State Private TBIP P-Value?
all!

Prestressed 5.19 5.06 5.44 5.06 4.70 .00
Concrete
Steel 4.89 4.91 4.87 5.05 4.35 .45
Timber 4.64 4.87 4.34 4.81 4.49 .00
Reinforced 5.20 4.94 5.45 5.15% 4.89 .00
Concrete

Easy to Construct

Prestressed 5.54 5.37 5.72 5.52 5.12 .01
Concrete
Steel 4.89 4.80 4.88 5.10 4.44 .01
Timber 5.01 5.29 4.81 4.98 5.20 .00
Reinforced 4.70 4.61 4.91 4.54 4.42 .02
Concrete

Long Life

Prestressed 5.86 5.95 5.99 5.70 5.48 .00
Concrete
Steel 5.02 4.92 5.14 5,03 4.66 .09
Timber 3.80 4.04 3.55 3.78 4.40 .13
Reinforced 5.58 5.78 5.65 5.44 5.16 .01
Concrete

High Strength

Prestressed 5.91 5.96 5.9¢6 5.87 5.66 .26
Concrete

Steel 5.88 5.66 5.98 5.92 5.73 .00
Timber 3.72 4.19 3.47 3.51 4.25 .00
Reinforced 5.34 5.71 5.31 5.13 5.17 .00
Concrete

1: Scale 1 (below average) to 7 (above average), average = 4

2: Values do not include TBIPs in the MANOVA comparisons.
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Table 3. Factor Loadings for Materials on Eight Selected Attributes

Material Prestressed Reinforced Timber Steel
Concrete Concrete
Factor Factor Factor Factor
Loading Loading Loading Loading
Factor 1 1 2 1 2 1 2 1 2
Cronbach's Alpha .781 .772 .758 .759
"Physical
Characteristics”
Long Life .83 .20 .71 .32 .83 .16 .77 .26
High Strength .81 .12 .73 .17 .74 .20 .70 .11
Low .70 .19 .67 .29 .77 .13 .69 .20
Maintenance
Environmental .64 .31 .69 .14 .52 .15 .61 .31
Safety
Pleasing .51 .32 .66 .11 .65 -.08 .66 .14
Aesthetics
Factor 2
Cronbach's Alpha .795 .796 .691 716
"Design Decision
Criteria”
Easy to .22 .82 .23 .79 .16 .79 .19 .81
Design
Low Cost .15 .81 .17 .81 .12 .70 .16 .73
Easy to .32 .77 .25 .82 .06 .83 .29 .73
Construct
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Figure 1. Timber Bridge Use by Geographic Region since 1982
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Respondent’s Rating of the Performance of Timber
Above
Average
6 ....................................
T
Decision-Maker Type Geographical Region
Average 4
3
2
Below 1
Average
Figure 2. Perceived Overall Performance Rating of Timber as a

Bridge Material

100



Chapter 2

Normalized Comparison of Bridge Materials
on Selected Attributes with Timber = 1

Timber = 1

Low Maintenance |- ——————

Pieasing Aesthetics

Environmentally Safe
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Low Cost M Reinforced
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Figure 3. Material Attribute Ratings Normalized to Timber = 1
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Perceptional Map of Bridge Materials
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Figure 4. Perceptions of Bridge Materials Attributes reduced to

Two Dimensions.
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Decision-Making Group’s Perception of Timber
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Figure 5. Perceptions of Timber as a Bridge Material by
Decision-Maker Type.
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Timber Perceptions by Geographic Regions
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Figure 6.

Perceptions of Timber as a Bridge Material
by Geographic Region
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A Hierarchical Analysis of
Bridge Decision-Makers

This article was written for the audience of Forest Science.
It describes how selected criteria affect the bridge material
decision by highway officials in four selected states. The
Analytic Hierarchy Process is used to model the bridge decision in
Mississippi, Virginia, Washington, and Wisconsin. Strategies are
recommended for those promoting timber as a bridge material based

upon these results.
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ABSTRACT

Bridge design engineers and local highway officials make
bridge replacement decisions across the United States. The
Analytical Hierarchy Process was used to characterize the bridge
material selection decision of these individuals. State Department
of Transportation engineers, private consulting engineers, and local
highway officials were personally interviewed in Mississippi,
Virginia, Washington, and Wisconsin to identify how important
factors determine their choice of a bridge material. The Analytical
Hierarchy Process allowed us to quantify this subjective material
selection decision for different groups of decision-makers. Based
on the importance of various decision criteria and how well the
material alternatives (steel, reinforced concrete, prestressed
concrete, and timber) meet these criteria, strategies are

recommended for those promoting timber as a bridge material.
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INTRODUCTION

The disciplines of Management and Marketing have evolved into
separate sciences over the years. Management is organization
driven, wherein the effective manager must determine the purpose and
direction of the organization, foster and manage change, conduct
operations so that the organization and its people function
efficiently and effectively (Levitt 1991). Levitt goes on to state
that managers make decisions. Decisions deal with choices. Choices
involve alternatives, which include prospects for making, avoiding,
resisting, and creating change. Drucker (1983) states that
effective management requires precise analysis, rigorous allocation
of resources and timely decision making. Managers are accountable
to stockholders, financial backers, employees, and customers, so
choices must be not only the best, but also justifiable.

Marketing has been called a philosophy. It is a total system
of business activities which is designed to determine customers'
needs and desires, then to plan and develop products to meet these
needs and desires, and to determine the best way to price, promote,
distribute and service the customer (Stanton, 1978). This is often
referred to as the marketing concept. Sinclair (1992) states that
a marketing-oriented firm designs its products and service offerings
to meet customer needs at a profit. Marketing is the income
generating activity of the firm and the process by which the
organization reaches out to its customers and by which customers

reach in to the firm.
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Management often utilizes decision-analysis tools to more
effectively run their organizations. Marketing departments rely
upon research methods involving customer surveys, purchasing
activities, or demographics to understand and meet customer needs.
Yet, as Drucker (1984, p. l)states, "Marketing is so basic it cannot
be considered a separate function...It is the whole business seen
from the point of view of its final result, the customer.”
Following on this idea, this study crosses the boundary between
modern management decision analysis and the marketing concept. This
study examines how particular criteria affect material-selection
decisions for rural bridges. Quantification of this decision
process should allow manufacturers of bridge materials to improve
their ability to meet design engineers' and highway officials'

needs.

Timber Bridges

Highway officials and engineers across the United States have
been asked to re-evaluate their position on the use of timber as a
bridge material. Extensive promotion and training began in 1989 by
the Timber Bridge Initiative Program (TBIP 1990) to inform and
educate bridge engineers and highway officials concerning the
benefits of the modern timber bridge. It is believed that with an
increase in the use of timber, local economies can be stimulated and

the rural infrastructure rebuilt.
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Since its inception, the TBIP has sponsored the construction
of over 270 modern timber bridges in 48 states and assisted in 17
million dollars of research, educational, and bridge supported
activities (USDA 1993). However, the long-term viability of timber
bridges will depend not only upon this technology push, but the
competitiveness and acceptance in the marketplace, the market pull.

Unfeortunately, bridge engineers across the United States often
have negative perceptions of timber as a bridge material. Studies
by Clapp (1990) and Luppold (1990) have confirmed that engineers are
not ready to place timber in the same bridge material classification
as prestressed concrete, steel or reinforced concrete. Engineers
have stated that timber is short lived, difficult to inspect,
expensive, high in maintenance, and low in strength. Yet, numerous
factors are known still to affect the performance of bridge
materials. Ritter (1990) states that poor design, poor construction
and poor management practices lead to performance problems with
timber in bridges. Yet, little is known about non-structural
factors influencing the bridge selection process and their effect
upon the final decision.

The choice of a material is the most important decision bridge
designers make, and it has long-term consequences for the owner of
the structure (Johnson 19940). Bridge material selection is a
complex decision, with many individuals involved, and many factors
of bridge design, use, and maintenance to be considered. It is not

uncommon to have state Department of Transportation (DOT) officials,
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private consultants, and local officials work together on a bridge
replacement decision. Each of these groups may have their own
preferences concerning bridge materials. Often a consensus is
necessary to determine the best material to use at a given location.

Ellen et al. (1991) indicate that humans or organizations tend
to avoid change by favoring the current situation or status quo,
unless an alternative is presented which is excessively attractive
or very pressuring. Decision-making tends to be based upon previous
solutions and past successes, unless they are no longer viable.
With over 93% of recent bridges being built out of prestressed
concrete, reinforced concrete, or steel (FHWA 1992), decision-makers
appear reluctant to try timber in rural bridge replacement.

One of the primary reasons for new product failure is
inadequate market research. Three studies undertaken over 25 years
reveal that inadequate market analysis remains the primary cause of
product failure (National Industrial Conference Board 1964, Hopkins
and Bailey 1971, Hopkins 1980). Cooper (1988) states that the list
of failure reasons include lack of thoroughness in identifying real
needs of the customer, and in identifying competitors’' reactions in
the marketplace. The modern timber bridge can be classified as a
new product. To effectively market this new product, the timber
bridge industry must understand the current bridge material
selection process. Once this decision process has been explained,

customers' needs can be effectively addressed.
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Scott and Keiser (1984) state that much of the research that
is done in industrial markets to identify and evaluate new
opportunities is qualitative and unstructured. We demonstrate in
this study that quantitative and structured analysis of decision-
makers can be a useful tool for understanding customers and their
perceptions. We develop a behavioral model of bridge material
selection for several states and for several levels of decision-
makers. Important non-structural factors (criteria) in the bridge
material selection process are solicited from highway officials in
28 states. We use the highest rated six factors in the Analytic
Hierarchy Process (AHP) to determine the placement preference for
steel, prestressed concrete, reinforced concrete, and timber by
bridge design engineers and highway officials in four selected
states. The AHP model helps us analyze how important decision
criteria directly influence the overall bridge material decision.
From this, we recommend marketing strategies that can be used to
increase the knowledge and application of timber as a bridge

material.

BACKGROUND

The Bridge Decision Problem
Many factors are known to effect the choice of a bridge
material. Physical characteristics or site specific factors

include: roadway alignment, length of clear span, clearance above
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waterway, hydraulic capacity requirements, and required loading
capabilities. Yet, there are numerous non-structural
characteristics of the material such as initial cost, maintenance
requirements, and others (Table 1) that also may influence this
decision. These are the areas which manufacturers can address in
trying to influence the choice of bridge material by design
engineers. The four principal bridge materials, representing over
99% of the bridges built in the United States since 1982, according
to the FHWA (1992) are prestressed concrete, steel, timber, and

reinforced concrete.

The Analytical Hierarchy Process (AHP)

Although various techniques exist for modelling decision
making, the AHP was chosen for this study. The AHP can be used as
a behavioral, as well as a normative model of decision making. That
is, it can be used to model an existing decision-making process or
to prescribe what decision one should make in a particular
situation. It has the advantage of utilizing qualitative, as well
as quantitative data. Qualitative data is important in this
research because of the necessity to determine the underlying (i.e.
subjective) reasons for the decline in timber bridges in the United
States and the slow rate of adoption of current timber bridge
technology. Only by asking the people who make the decisions can
appropriate answers be discovered and strategies formulated to

change the current patterns. Qualitative inquiry cultivates the
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most useful of all human capacities--the capacity to learn from
others (Patton 1990).

The Analytic Hierarchy Process, developed by Thomas Saaty in
the early 1970s, allows us to quantify and aggregate subjective
opinions. Saaty (1980) states that the practice of decision making
is concerned with weighting alternatives which fulfill a set of
desired objectives. This multicriterion, multiperson model
structures the decision process into a hierarchy. Through a set of
pairwise comparisons at each level of the hierarchy, a matrix can
be developed, where the entities indicate the strength with which
one element dominates another with respect to a given criterion.

Harker and Vargas (1987) indicate that there are three
principles used in the AHP for problem solving: (1l)decomposition -
structures the elements of the problem into a hierarchy,
(2)comparative judgements - generate a matrix of pair-wise
comparisons of all elements in a level with respect to each related
element in the level immediately above it where the principal right
eigenvector of the matrix provides ratio-scaled priority ratings for
the set of elements compared, and (3)Synthesis of priorities -
generates the global or composite priority of the elements at the
lowest level of the hierarchy, i.e., the alternatives. The four
basic axioms that the AHP is based upon is summarized by
Harker(1989) as follows:

Axiom 1. Given any two alternatives (or sub-criteria) i and j out

of the set of alternatives A, the decision-maker is able to provide
a pairwise comparison a;; of these alternatives under any criterion

113



Chapter 3
¢ from the set of criteria C on a ratio scale which is reciprocal;
i.e., a; =1/ a;; for all i, j, ¢ A.

Axiom 2. When comparing any two elements i, j € A, the
decision-maker never judges one to be infinitely better than another
under any criterion ¢ ¢ C; i.e., ay; # « for all i, j e A.

Axiom 3. One can formulate the decision process as a hierarchy.
Axiom 4. All criteria and alternatives which impact the given
decision problem are represented by a hierarchy. That is, all the
decision-maker's intuition must be represented, or excluded, in

terms of criteria and alternatives in the structure and be assigned
priorities which are compatible with the intuition.

METHODS

Data Collection
Primary data

A disguised mail questionnaire was sent to over 1300
decision-makers to collect primary data concerning important
non-structural factors (criteria) that influence the bridge material
decision. Participants were asked to assume that the bridge site
allowed for equal choice of material. This was meant to eliminate
physical or site specific characteristics that may influence the
material choice.

Decision-makers in 28 states were classified into five
distinct geographic regions (Table 2) and three decision-making
groups. The groups were state DOT engineers, private consulting
engineers, and local highway officials. Survey respondents were

asked to rate 23 non-structural criteria in the selection of a
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bridge material (Table 1). The questionnaire used rating scales
from 1 to 7 to measure the importance of the criteria. Criteria
were selected by an extensive secondary literature search,
discussions with civil engineers across the United States, and
interviews with University personnel.

A pretest was conducted with bridge engineers in various
decision groups in Virginia, Wisconsin and Minnesota. After minor
clarification of question wording, the questionnaire was sent out
in April of 1993. No correspondence stated that the study was being
conducted by the Department of Wood Science at Virginia Tech as it
was felt this may bias some results or have an undesirable affect
on the response rate. After two mailings a total of 848 surveys
were returned, 751 which were usable, resulting in an adjusted

response rate of 61%.

Non-Response - In order to test for non-response bias, 50 non-
respondents were contacted by telephone and asked to answer selected
questions. These individuals represented the three primary decision
making groups. They were asked questions concerning material
preference, ratings of important bridge material factors, timber
design education, and job duties. Multivariate Analysis of Variance
(MANOVA) was utilized to determine if significant differences
existed between respondents and non-respondents on the selected
parameters. In no case could the hypothesis of no difference

between respondents and non-respondents be rejected (= = .05).
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Personal Interviews

During August, September, and October of 1993 semi-structured
interviews were conducted with 73 design engineers and highway
officials in four selected states: Mississippi, Virginia,
Washington, and Wisconsin. These states were chosen based on their
geographic differences, timber resources, and bridge decision-making
protocol. State department of transportation engineers involved in
preliminary design or local bridge maintenance/replacement decisions
were interviewed as state DOT engineers. Private consulting
engineers who were involved with local bridge design and county
highway officials also participated in this study. Interviews with
county officials and private consultants were limited to one
engineer per location.

Composite AHP models were developed for each group of
decision-makers in the four separate states (Fig. 1). A
questionnaire was designed for participants to use for completion
of the AHP model. This guestionnaire consisted of paired
comparisons among the six highest ranked criteria involved in the
decision process (Table 3) as determined by the initial survey. It
also included comparisons among the different types of bridge
material with respect to each criteria. A rating scale from 1 to
9, as recommended by Saaty (1980), was used for the paired
comparisons. The number 1 indicating that compared factors were
equal in importance and 9 indicating that one factor was extremely

more important than another. This questionnaire was reviewed by
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gualified personnel at Virginia Tech and pretested with private
consultants and state DOT engineers in Virginia.

Each decision-maker made 51 paired comparisons to complete
their individual AHP model. The computer program Expert Choice
(1992) assisted in development and analysis of the models. A lap
top computer was used to input the data to Expert Choice as each
official filled in the questionnaire. This allowed immediate
feedback to the decision-maker on their preferences and their
overall choice of a bridge material. Individual results were then
combined as geometric means to produce group decisions representing
the separate decision-making groups in each state.

The balance of the interview was exploratory in nature.
Responses were recorded for interpretation and analysis. Specific
areas of interest included: bridge costs, best locations for timber
bridges, concerns with timber as a bridge material, guidelines on
timber use, amount of bridge work in state, best material for short
span bridges, reasons the state doesn't use more timber in bridges,
bidding processes within the state and factors that would allow the

state to use more timber bridges.

States

Mississippi - This state is located in the heart of the southern
pine resource and has one of the largest number of timber bridges
(over 3500) of any state (FHWA 1993). Design decision-makers in

Mississippi include state DOT and county engineers. The county
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engineer is a private consultant which is hired by the county board
of supervisors for a 4 year term. This consultant may represent up
to five different counties as their county engineer. All bridges
utilizing Federal Highway bridge replacement funds or state funds
must be designed by the county engineer. The Mississippi DOT, which
administers funding and reviews bridge plans, is divided into two
sections: (1) the secondary roads division which directs the local
roads program and (2) the DOT which directs state and federal
highway programs. Both divisions are strong supporters of
standardized bridge plans, which at the time of the interviews did
not include plans for timber. Over 70% of the state's nearly 12000

bridges fall under local/county responsibility (USDA 1989).

Virginia - This Mid-Atlantic state has a large eastern hardwood and
southern pine timber resource base and one of the lowest number of
timber bridges in the United States with less than 60 (FHWA 1993).
The state DOT maintains over 97% of the states bridges. Virginia
is divided into 9 highway districts, with a chief bridge engineer
directing maintenance and replacement activities within his/her
district. Private consultants are used occasionally when work load
is too great for the district engineers to handle. Virginia
utilizes standard bridge plans that do not include complete plans
for timber bridges. Temporary structures and timber plank on steel

stringers are the only standard type plans available.
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Washington - Located in the Pacific-Northwest, Washington has a
large softwood timber resource. Yet, only 600 of the state's nearly
7000 bridges are timber. Three decision-making groups are involved
in bridge replacement in Washington. The state DOT has a local
programs engineer who works with counties on bridge replacements and
a staff of engineers in the central office that design state and
federal highway bridges. Private consulting engineers are often
hired by counties to design their rural bridges. Each county in
Washington is required to have a registered civil engineer on staff
to oversee local highway maintenance. This engineer or his/her
assistant will often design a rural bridge. Sixty-five percent of
the state's bridges fall under local control. Washington utilizes
standard plans, however, the only plans for timber are for temporary

structures, such as detours.

Wisconsin - Located in the upper Midwest, Wisconsin is only 1 of
only 5 states that have shown an increase in timber bridges from
1986 to 1992 (FHWA 1992). Over 500 of the state's nearly 12,000
bridges are classified as timber. Three groups of decision-makers
are involved in design decisions in Wisconsin. The State Department
of Transportation (DOT) is divided into eight highway districts,
each with a bridge engineer that works with counties on maintenance
and replacement. Private consultants are hired by counties to
design rural bridges. County highway commissioners are responsible

for maintenance of local, state and Federal highways within their

119



Chapter 3

county boundaries. The county highway commissioner does not have
to be an engineer, but the trend is to hire engineers in that
position. The commissioner, in most cases, is appointed by the
board of supervisors for a 2 or 4 year term. Wisconsin has standard

bridge plans that include plans for timber bridges.

RESULTS

The most important non-structural factors (criteria) rated by
all decision-making groups across every region of the United States
include: expected life of material, material's past performance,
maintenance requirements, resistance to natural deterioration,
initial cost, and lifecycle cost of material (Table 3). Six
criteria were chosen because of their importance, statistical
significance from the remaining factors (p < .01), and to keep the
number of paired comparisons (51) for the respondents to a minimum.
These decision criteria are areas in which timber manufacturers need
to address their efforts to promote timber bridges more
successfully. All six criteria were used in the models subsequently
developed using the AHP.

To determine if the four selected states (Mississippi,
Virginia, Washington, and Wisconsin) were representative of their
respective geographic regions, a Mulitvariate Analysis of Variance
(MANOVA) was run on the selected criteria between the individual
state and its region. No significant difference (= =.05) between

each state and its region on these six factors was apparent.
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Analysis of Variance was used to determine if the states differed
from others in the respective regions based on perceptions of timber
as a bridge material. Again no statistical differences could be
shown. These results indicate that each state is representative of
the region in which it 1is located and should provide a good

indicator of bridge decision-making in that region.

The AHP for Wisconsin Counties

To demonstrate how an AHP model is developed, an example based
on county decision-makers in Wisconsin is provided. In August of
1993 nine county highway commissioners/engineers agreed to
participate in completing the paired comparison questionnaire. The
counties were geographically dispersed across Wisconsin and
respondents were either county engineers or county highway
commissioners. The purpose of the interview was explained and as
the official filled out the questionnaire, the responses were
entered into a personal computer using the program, Expert Choice.
First, paired comparisons were made between the six important bridge
criteria. Under each criteria, paired comparisons were made for
preferences of bridge materials. Exploratory questions regarding
bridge replacement decisions were discussed at this time. At the
completion of the 9 interviews, individual results were
geometrically averaged and one composite matrix was developed (Table

4) representing county decision-makers in Wisconsin.
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Calculation of a final priority vector for bridge material
preference proceeds in the following way. First, the data in the
bridge criteria matrix are normalized by column. Second, the values
in each row are averaged to produce a vector of priorities for each
bridge criterion (Table 5). Third, similar calculations are then
repeated for each matrix of material preference under a given bridge
criterion (Tables 6-7). Upon completion of these steps, the final
composite preference vector for bridge material is the matrix
product of (1) the matrix composed of bridge material preference
vectors and (2) the vector of bridge criteria (Fig. 2). This is the
choice of bridge material for the decision-maker (in this case,
county highway commissioners/engineers in Wisconsin) based upon the
criteria measured (Fig. 3).

This process was repeated with engineers and highway officials
in the four selected states. Composite models were developed for
each group in each state. Overall material decisions were
calculated for each decision-maker by state (Fig. 4). Expert Choice
also calculates an inconsistency ratio, which is a measure of how
consistent a respondent is with their paired comparisons. That is,
for comparisons among entities A, B, and C, the preference of A over
C should equal the product of the preference of A over B and the
preference of B over C, for the judgments to be consistent. Saaty
(1980) states that a inconsistency ratio of less than 0.1 is
excellent. Nevertheless, some inconsistency is inherent in most

decision processes and should not necessarily be eliminated. The
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inconsistency ratios for aggregate responses of these decision-maker
groups were all much less that 0.1. Table 8 summarizes the results
of each states' models.

Individual decision models can be combined arithmetically to
perform statistical analysis (Saaty 1993). To determine if
differences existed between states or decision making group, non-
parametric statistical procedures were utilized. Non-parametric
procedures are recommended when sample size is small or the
distribution of the population from which the data is obtained is
uncertain (Hollander and Wolfe 1973). The importance of the six
major criteria in the bridge decision are quite uniform across
decision-making groups and between states (Table 9). Only for the
criteria of maintenance did significant differences (a < .05)exist
between the four states. This agrees with earlier findings by the
authors that major criteria are similar by groups and regions.

Among the three major decision groups (DOT, private engineers,
and local officials) aggregated across the four states differences
existed in the choices of steel and timber. Among the four states
and the three decision groups only reinforced concrete was not
statistically different. 1In the states of Virginia and Wisconsin
differences existed between decision-makers' preferences for timber.
Both prestressed concrete and reinforced concrete were deemed to
have different preferences across decision groups in Mississippi.
Only in Washington were the preferences for bridge materials not

statistically different by decision-group. These results indicate
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that even though decision criteria are viewed similarly, the extent
to which various bridge materials are perceived as meeting those
criteria vary between states and between decision-making group.

Sensitivity analysis was run on each model's bridge decision
criteria to determine if increasing efforts in one or more areas
would effect the bridge decision. Department of Transportation
engineers favored prestressed concrete. This may be attributed to
their exposure to state and federal highway bridges and a lack of
familiarity with timber design. Private consultants and county
officials favored prestressed and reinforced concrete for rural
bridges.

In Mississippi, only if initial cost became extremely
important would county engineers consider using timber instead of
steel in their decisions. No changes would effect the Mississippi
DOT engineers' decisions concerning timber. Virginia private
consultants would choose timber above all other materials if initial
cost became very important. Nothing would affect the decision of
DOT engineers on Virginia. In Washington, as initial cost became
more important, local engineers and private consultants would favor
timber over steel, but never over concrete. Again, no changes would
affect the decision of Washington DOT engineers. Wisconsin local
engineers would prefer timber as initial cost became very important
and DOT engineers would favor timber over steel when maintenance
became increasingly important. Nothing affected the decision of

private consultants in Wisconsin.
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CONCLUSIONS

Decision-making applications of this research indicate that
the Analytic Hierarchy Process can be utilized in a group situation
to assist highway officials in their choice of a bridge material.
This model reflects the current bridge situation in the United
States, with prestressed and reinforced concrete being the major
bridge material chosen over seventy percent of the time by highway
officials.

Decision-makers are in good agreement about criteria that are
important in the design decision from the list provided. Across the
United States, these individuals rated the most important criteria
similarly by region and decision group. Maintenance requirements,
initial cost, and past performance were the most influential
criteria in choosing a bridge material. However, these criteria,
when applied to the AHP decision models, influenced the choice of
bridge material differently. Nevertheless, prestressed concrete and
reinforced concrete were the materials of choice by every group in
each state.

These results indicate that initial cost may be a competitive
advantage for timber in bridge design. However, timber is rated
so low based upon the other 5 criteria that it will very seldom be
chosen as a rural bridge material. As little can be done with the
criteria of past performance of a bridge material, educational
efforts are needed emphasizing that modern designed timber bridges

are not the same as timber bridges built 40 to 50 years ago. Modern
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prestressed composites of steel and timber can perform as well, if
not better, than other materials. 1In addressing the criteria of
maintenance, modern composites of steel and wood should reduce
deflection and movement in timber bridges, which may have caused
many of the past problems. Resistance to natural deterioration can
be improved by building structures with water-shedding joints, good
preservative treatments, water proof surfaces, and stressed-type
timber bridge systems should reduce the amount of water movement
between wood members. Realistic comparisons of all bridge materials
need to be made based on past design and construction practices.
Concrete and steel structures may be performing better, because more
of them have been built to modern standards than timber. Lifespan
and lifecycle cost will both improve as timber lasts longer and
becomes more competitive in the marketplace.

During interviews, gquestions were also asked about the
problems with timber. In Mississippi, Virginia and Washington a
primary concern was lifespan. Engineers in each state indicated
that treated timber is being replaced after 25 to 30 years in
service. Initial cost of timber was a factor in most states.
Timber is not perceived as cost competitive. Cost of timber,
therefore, can not influence the decision over other bridge
materials. Because timber decays from the inside to the outside,
inspection is more difficult for untrained engineers. This also
increasing the risk of using timber in bridge design as perceived

by the highway official. The maintenance requirements of timber
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compared to the other materials was seen as a deterrent to its use.
Environmental concerns with wood preservatives and the timber
resource supply were raised by Washington and Mississippi highway
officials.

With state DOT engineers controlling the allocation of Federal
highway funds, efforts must be made to convince the opinion-leaders
in this group about the viability of timber as a bridge material.
Since this group chose timber the least in the bridge decision,
every effort is needed to demonstrate that timber is a viable
material for rural bridges. To improve timber's perception by
engineers, manufacturers need to address timbers' short lifespan and
maintenance requirements in a bridge situation.

Marketing applications of this work indicate that timber
manufacturers may need to address other criteria besides just those
measured in this study to increase timber's market share. Other
important bridge criteria that timber may compete on include ease
of repair, time of traffic interruption, resistance to deicing
chemicals, and aesthetics. Rural roads with county control offer
the greatest opportunity for timber use, since these individuals
choose timber more often than DOT engineers. Manufacturers may
want to look at other areas in which timber may be successful.
Railroads, footbridges, light traffic bridges, and scenic covered
bridges may offer further opportunities for timber in bridge

applications.
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Table 1. Criteria in Determination of Bridge Material

Government research
efforts

Life-cycle cost of
material

Resistance to
natural
deterioration

Expected life of
material

Length of traffic

Standards specified
by AASHTO

Past performance of the
material in bridges

Contractor's familiarity
with material
Bridge ownership (state,

county, town)

Designers familiarity

Material preference
of local cfficials

Availability of
design information

Resistance to
de—-icing chemicals
Regular inspection

requirements

Impact on local

interruption with material economy
Maintenance Industrial promotional Environmental
requirements efforts considerations

Initial cost of
material

Bridge loading
variations

Aesthetics

Daily traffic count

Ease of repair

Table 2. States Surveyed for Important Bridge Factors

West South Mid-Atlantic Northeast Midwest
California Alabama Kentucky Maine Indiana
Idaho Arkansas North Carolina Massachusetts Illinois
Montana Florida Tennessee New York Iowa
Oregon Louisiana Virginia Pennsylvania Michigan
Washington Mississippi West Virginia Vermont Minnesota

Texas Ohio
Wisconsin
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Table 3. Importance of Criteria in the Bridge Material Decision Process

DECISION LEVEL
{Mean Rating)

Bridge Material Factor Overall Local State Private
Lifespan (1) 5.95 6.17 5.89 5.82
Past Performance (2) 5.92 5.93 5.98 5.83
Maintenance (3) 5.84 5.98 5.85 5.67
Natural 5.82 5.92 5.72 5.82
Deterioration (4)
Initial Cost (5) 5.54 5.60 5.48 5.49
Life-cycle Cost (6) 5.51 5.62 5.45 5.51
Ease of repair (7) 5.25 5.41 5.19 5.16
AASHTO (8) 5.24 5.15 5.14 5,42
Time of Traffic (9) 5.08 4.98 5.26 5.01
Designer's 4.86 4.91 4.70 4,92
Familiarity (10)
Design Information (11) 4.85 4.92 4.69 4,92
De-icing Chemicals (12) 4.84 4.38 5.03 5.05
Environmental 4.66 4,74 4.68 4.53
Concerns (13)
Inspection 4,865 4.68 4,66 4.62
Requirements (14)
Loading Variations (15) 4.56 5.05 4,34 4,38
Contractors 4.41 4.61 4.16 4.47
Familiarity (16)
Daily Traffic (16) 4.41 4.58 4.41 4.24
Aesthetics (18) 4.34 4.20 4.27 4.51
Local Officials (19) 4.23 4.16 3.71 5.01
Local Economy (20) 4.11 4.59 - 3.80 4.07
Bridge Ownership (21) 3.98 4.07 3.72 4.24
Gov. Research (22) 3.82 3.76 3.85 3.74
Promotional 2.81 2.88 2.76 2.76
Efforts (23)

Rating Scale: 1 (below average) to 7 (above average), average = 4
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Table 4. Geometric Mean of Paired Comparisons of Bridge Factors as
Rated by 9 Wisconsin Highway Officials.

Chapter 3

Pastperf Lifespan Maintenc Resistac Initial Lifecycl
Pastperf 1.0 I.10 .71 1.0 .53 T.7
Lifespan .31 1.0 W71 1.4 .83 1.5
Maintenc 1.4 1.4 1.0 1.7 1.3 1.6
Resistac 1.0 S .59 1.0 Y .40
Initial 1.5 1.2 ki 1.3 1.0 1.2
Lifecycl 1.0 .6/ .63 2.5 .83 1.0
Total T 08 T-37 %50 =TS T.70
Normalized Matrix of Paired Comparisons for Wisconsin Counties
Pastperf . 139 L1810 .161 112 103 . 149
Lifespan L1206 .1od .16l - 157 L1611 L 224
Maintenc 194 . 230 227 .191 .252 .239
Resistac 135 LTTT .134 112 .130 .06
Initial 264 197 . 175 . 146 . 194 .179
Lifecycl 135 .T10 . 143 .281 .iel . 143

Table 5. Vector of Priorities for Wisconsin Counties
Total of Average of Vector of Priorities
normalized row normalized row
Pastperf .842 .B842/6 . 140
Lifespan .993 .993/6 .166
Maintenc 1.33 1.33/6 L222
Resistac .692 .692/6 115
Initial 1.16 1.16/6 .193
Lifecycl .983 .983/6 .164
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Table 6. Matrix of Paired Comparisons for Preferences of Bridge Materials
Under the Bridge Factor (Past Performance) for Wisconsin Counties

Prestressed Reinforced
Concrete Steel Timber Concrete

Prestressed
Concrete 1.0 4.9 1.4 .71
Steel .20 1.0 .56 24
Timber .71 1.8 1.0 .06
Reinforced 1.4 4.1 1.8 1.0
Concrete

Table 7. Vector of Priorities for Bridge Materials

Performance for Wisconsin Counties.

under Past

Total of normalized row Vector of

Priorities
Prestressed Concrete 1.29 . 325
Steel .35 .089
Timber .80 .202
Reinforced Concrete 1.55 .384
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Table 8. Summary of AHP Models

by State and Decision-Making Level

Chapter 3

State Sample Incon. PRE STL TMB REF PP LS MR RS Ic LC
Size Ratio

All states in study
State DOT 29 .01 .442 .154 .073 .331 .164 .170 .201 .164 .129 L171
Private 20 .01 .383 147 122 .348 -181 .138 .215 .153 .139 .165
Engineers
County 24 .01 .397 .125 .116 .362 .127 -170 .202 .152 .181 .168
Engineers

Mississippi
State DOT 5 .05 .527 .150 . 048 .275 .123 .194 .218 .160 170 . 135
County 8 .04 .370 .141 .076 413 .145 .186 .167 .190 .191 .122
Engineers

Virginia
State DOT 12 .01 .333 -204 .098 <374 .171 .153 .266 .157 .093 .160
Private 7 .03 .326 .263 -145 .266 .239 .115 -262 <112 .082 .1%0
Engineers

Washington
State DOT 4 .03 .496 .134 -069 .301 .184 .149 .166 .144 .163 -194
Private 7 .04 .466 .128 .080 .326 .134 .119 .231 .212 .126 .178
Engineers
County 7 .05 491 .112 074 324 .093 .164 .208 .164 .143 .228
£ngineers

Wisconsin
State DOT 8 02 .406 .125 .098 .371 179 177 .165 .183 .102 .194
Private 6 .02 .335 .086 .130 -449 .199 <173 .147 .141 .223 119
Engineers
County 9 .02 .311 .112 .260 .316 -140 .166 .221 .114 .195 .163

Commissioners

Legend

Incon.Ratio~ Inconsistency Ratio PP-Past Performance

iC-Initial Cost PRE-Prestressed Concrete

Ls-Lifespan REF-Reinforced Concrete

LC-Lifecycle Cost RS-Resistance to Natural

MN-Maintenance Requirements Deterioration

STL~-Steel
TMB~Timber
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Table 9. Statistical Comparisons between Decision-making Groups and States

Kruskal-Wallis Paired Sample or Oneway ANOVA P-Values
Comparisonz Decision States:® Decision~ Decision~- Decision- Decision-

-Groups' Groups Groups Groups Groups

within within within within
Criteria Mississippi Virginia Washington Wisconsin
Past .09 .10 .88 .08 .63 .67
performance
Lifespan .09 .29 .88 .44 .39 .74
Maintenance .59 .05 .56 .86 .79 .67
Resistance to .68 .90 1.0 .61 .63 .27
natural
deterioration
Initial cost .60 .23 1.0 .93 .86 .08
Lifecycle .56 .08 .66 .55 .69 .42
cost
Material
Preference
Prestressed .86 .00 .03 .80 .42 .43
concrete
Reinforced .88 .47 .03 .18 .74 .06
concrete
Steel .01 .00 .24 .20 .80 .08
Timber .07 .00 .38 .04 .92 .00
1. Comparison between 3 decision-maker groups: state DOT, private engineers, and local
officials
2. Comparison between 4 states decision-makers: Mississippi, Virginia, Washington and
Wisconsin.

136



Chapter 3

AHP Model of
the Bridge Decision

Over-all Decision
|

Best material for
1 arural bridge

Private County Highway l
Consultants Officials

Decision Makers State DOT

Decision Criteria

Figure 1. Analytic Hierarchy Model for the Choice of a Bridge Material

137



Chapter 3

AHP Computation of Final Preference
Vector for the Bridge Decision

§
il
R
/géém\

/ 140 310 Prestressed Concrete
Prestressed Concrete 305 269 418 315 233 283
e M2 | gl
Steel 089 158 081 .05 151 092 '
| 2 B Tk
Timber 202 283 .21 261 34 31
| | \ 113 AT | Reinorced Concrte
Reinforced Concrate i\ 364 340 274 320 282 314 1%
| Scale: 0to 1 ;
> Final Pref
. _ Bridge Critaria inal Preference
Bridge Materials Prorly Vectors Pri%erity Vector
Vectors

Figure 2. AHP Computation of the Choice of a Bridge Material
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Final Decision Model for

Wisconsin Counties

Goal
Best material for
afural bridge
1.00
| L | |
W %L'rfespan gMaintenc ' Resista na IUfecycI
w2 | s 8
Prestress | 5 29 8 kil 2 2
Sed o9 1% i 05 151 -
Tmber 202 b 2 2 ol 3t
Reinforced 384 30 M k] 2 4

Figure 3. Decision Model for Wisconsin County Decision-Makers
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AHP Estimation of Preferences for Bridge Materials

Mississippi Counties

Virginia Consultants jm

Virginia DOT e

Washington Counties
Washington Consultants -

Washington DOT  jm

Wisconsin Counties

Wisconsin Consuliants s

Wisconsin DOT :

0 010203 04 05 06

Vector of Priorities, Scale 0to 1

.nm-—mmu— .s..

L] neorcsd concress  ET] mionber

Figure 4.

Choice of a Bridge Material by State and Decision Level
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CHAPTER 4

Marketing Practices in the
Timber Bridge Industry: 1993

This article was written for the audience of Forest Products
Journal. It describes the current marketing and management
practices of firms involved in the timber bridge industry. A mail
survey was utilized to collect primary data from these individuals.
Comparisons were made on important bridge factors between the

industry and bridge highway officials.
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ABSTRACT

Timber bridge manufacturers across the United States were
surveyed to establish a base of information concerning current
management and marketing practices. Firms were concentrated in the
West (43%), while less than one~third of the bridge companies were
located in the South, Mid-atlantic, and Northeast. Total sales of
companies promoting timber bridges ranged from 1.2 million to over
2 billion dollars, however timber bridge sales on average, accounted
for only 7% of total sales. Wood treating and glue-laminating firms
represented over 75% of reporting companies. Responding bridge
firms rated state Department of Transportation employees as most
important in the bridge decision, with local highway officials being
the least important. Statistical differences existed between timber
bridge firms and highway officials based on importance of factors
in the bridge material decision. Bridge companies felt that timber
bridge sales would increase by an average of 7.5% over the next five

years.
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INTRODUCTION

In recent years the U.S. Forest Service, along with many
research institutions, have initiated programs to increase the use
of timber (wood) in rural bridge replacement. Since 1989 over 17
million dollars have been authorized by the United States Congress
for research, construction, and promotion of timber bridges on U.S.
rural highways (USDA 1993). It is believed that modern timber
bridge designs will allow the use of under-utilized species and help
stimulate 1local economies, while rebuilding the rural infra-
structure. New timber bridge designs present opportunities for
firms to expand into the bridge market. Yet, little has been
published concerning the marketing of timber bridges and bridge
components. This research details current bridge marketing
activities and helps identify opportunities that may exist in the
bridge market.

Although once a major bridge material, timber has been
replaced by concrete and steel as the material of choice for bridge
replacement. Currently, the concrete and steel industries hold over
a 90% share of the bridge market. Timber bridges represent 8% of
the 570,000 bridges listed on the National Bridge Inventory and
timber bridges represent less than 6% of replacement structures

since 1982. Even with the current emphasis on wood as a bridge
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material, timber continues to decline in bridge use. Between 1982
and 1991 the number of timber bridges in the United States fell from
near 70,000 to 46,000 structures (FHWA 1992). This indicates that
timber bridges are being replaced by other materials, primarily
concrete.

The Timber Bridge Initiative Program (USDA 1990) has brought
to the forefront new technology that allows lower grades and under-
utilized species to be designed into modern timber bridges. New
timber bridge designs include: stress laminated longitudinal sawn
members, glue-laminated members, "T" sections, "Box" beams, parallel
chord trusses, and steel/wood composites (Moody et al. 1990).
Species utilized include red/white oak, red maple, cottonwood, red
pine, eastern hemlock, southern pine and douglas fir. As Moody et
al. (1990, p. 423) state:

"As result of the Timber Bridge Initiative, research on

material properties, preservative treatments and system

development has significantly expanded during the past
years. Most of this research has addressed the
development of new bridge systems with the emphasis on
hardwoods, which are currently under-utilized for
structural applications.”
While extensive research has been done on new timber designs (e.qg.,
Dickson and GangaRao 1989, Gutkowski and Willamson 1983, Moody et
al. 1990, Ritter 1990), to date, little information is available
concerning the manufacturing and marketing practices of firms
promoting timber as a bridge material.

With an estimated 200,000 deficient bridges, and a replacement

cost of 84 billion dollars (United States DOT 1991), a market
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opportunity exists for firms to expand into the production of timber
bridges. Mater (1990) states there are numerous reasons to enter
value-added markets; 1) Secondary products earn higher profits,
2) manufacturers can smooth the cyclic economic ups and downs of
primary markets, 3) it allows quicker responses to new markets,
4) it broadens the customer base, and 5) it enables manufacturers
to enter international markets. Marketing research is important to
forest products manufacturers to understand potential markets for
their products. According to Kallioc (1980), the first step is to
make a preliminary assessment to learn more about the industry,
one's own firm, the current market situation, the channels of
distribution and promotional methods. This information serves as
a basis for defining the problem and developing a workable approach
to the solution. This study will provide the needed information for
firms interested in entering or expanding into this potentially
large market.

The objective of this study was to determine the manufacturing
and marketing practices of firms involved in the timber bridge
industry. The marketing practices of these companies are compared
to design engineers' perceptions of important bridge material
factors to identify areas in which differences may exist. This
information provides current manufacturers important competitive
information and provides those considering entering this market a

basis to develop their marketing practices.
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METHODS

A comprehensive list of 90 firms involved in the manufacture
of timber bridge material was developed from the Timber Bridge
Initiative participants (TBIP 1993), the Timber Bridge Manual
(Ritter 1990), Directory of the Forest Products Industry (Miller
Freeman 1992-1993), and interviews with knowledgeable individuals
within the industry. This list was reduced to 64 firms during
initial telephone interviews to identify marketing personnel for
each company. In some cases the listed company was no longer in
business or they acknowledged they did not participate in the
manufacture or marketing of timber for bridge construction.

A mail questionnaire directed toward the marketing manager or
plant manager was used for primary data collection. A mail survey
is considered an efficient and cost effective way of securing data
from a wide geographic base. The questionnaire consisted of three
primary areas. The first area used rating scales to measure the
importance of different marketing methods, factors in the bridge
decision process, and the perceived importance of different groups
of highway officials in the choice of a bridge material.

The second area was exploratory, requesting information on the
companys’' major type of business, product lines, marketing
activities and locations. The final area consisted of open-ended
questions regarding future expectations of timber bridge sales and
major concerns within the industry. The questionnaire was reviewed

by knowledgeable university and industrial personnel to test its
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face validity, clarity, and to assure no important information was
overlooked. The questionnaire was pretested with four timber bridge
firms prior to its use. The responses from the pretest were used
to clarify question wording and order.

The gquestionnaire, along with a hand signed cover letter
explaining the purpose of the study, was mailed to 64 firms in
September of 1993. Fifty-five questionnaires were returned, 31
which said their firms were involved in the manufacture or promotion
of timber as a bridge material. Twenty-four companies said they
were not involved with timber bridges. This resulted in a useable
response rate of 77%. After two repeat mailings of the
gquestionnaire and cover letter, the non-responding companies were
contacted by telephone to urge participation. These nine companies
stated it was either against company policy to answer
questionnaires, the company was not active in the timber bridge
market, or they would respond soon.

Although the 1list of manufacturers was intended to be
comprehensive, the possibility of missing companies does exist. In
order to check non-response bias, early respondents were compared
with late respondents on selected questions. Since sample size was
small, non-parametric statistical tests (Mann-Whitney U and Kruskal-
Wallis ANOVA) were utilized. Only on the importance rating of
advertising did statistical significance exist at a .05 level.
These results indicate that respondents are representative of the

population and non-response in not a problem.
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RESULTS

Respondent Characteristics

Nearly one-half of the 31 timber bridge firms listed wood
treating as their primary business. Thirty percent were categorized
as glue-laminated timber manufacturers, with 10% saying they were
lumber brokers or representatives. Only one of the responding firms
listed itself as primarily a timber bridge manufacturer and one
company provided timber bridge design and sales (Table 1). This
information indicates that timber bridges currently represent
extensions of product lines, and not a primary business. Three-
quarters of the companies said they manufactured timber bridges and
ten percent said they represented firms that manufacture timber.

With extensive research utilizing lower grades of lumber and
under-utilized species being conducted for timber bridges,
manufacturers were asked to indicate what species they currently
use. Overwhelmingly, southern pine and Douglas fir were the species
of choice. Nearly 70% of respondents used southern pine, while over
50% said they used Douglas fir (Fig. 1). Red/White oak, red maple,
and red pine were other species used. One company said it used
imported tropical species, while one firm used Alaskan cedar. As
new bridge designs prove themselves in the market and are included
in the American Association of State Highway Transportation
Officials (AASHTC) specifications, increased use of hardwoods and

softwoods other than southern pine can be expected.
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Dickson and GangaRao (1990) state that since the demand for
structurally reliable, long, wide sawn components cannot be met,
reconstituted timber products have risen to meet the demand.
Timber materials can be combined to use the material properties to
maximum advantage. The utilization of lower grade and under-
utilized species into reconstituted or composite wood products will
allow their expanded use into timber bridges. This has been
demonstrated with the use of red pine, red/white oak, red maple and
yellow poplar in glue-laminated timber for bridge construction.

The primary products of firms manufacturing timber bridges are
utility poles, guardrails, foot bridges, fence posts, landscape
timbers and treated lumber. Nearly one-third of the firms said they
produce softwood lumber, structural glue-lams, railroad ties or
pilings. Other products included wood box culverts, salt storage
buildings, cross arms, sound barriers, wood trusses, mine and
crossing timbers, and fence materials. This information indicates
that timber bridges can compliment a variety of product lines as a
manufacturer looks to expand, however many of these products require
framing, engineering, or prefabrication capabilities.

Although the Timber Bridge Initiative program has generated
new interest in timber bridges, the average time in business of
responding firms was 36 years. This ranged from a reported minimum
of 2 to a maximum of 101 years in the timber bridge industry. Total
sales of companies ranged from 1.2 million to 2.3 billion dollars

annually. On average, sales from timber bridge materials
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represented only 7% of total sales, but ranged from less than 1 to
100 percent. This was highly skewed on the lower end. Over 75% of
companies said bridge sales were less than 10% of total sales.
Over one-half (54%) of the responding companies said they have
participated in the Timber Bridge Initiative program. Nearly 40%
of respondents provide a complete timber bridge package, but only
7 out of these 12 firms said they can supply engineered plans with
the bridge package. The other companies are relying on outside
consultants, county or state highway officials to do the design of

the structure.

Marketing Activities

Marketing has been called the backbone of most profitable wood
products companies (Cesa 1992). Yet, for many firms, it is a
difficult concept to understand. It becomes even more complicated
when purchase decisions are made by the government or by a group of
individuals, as with most industrial products. Rich (1970) states
that forest product companies are turning toward a marketing
orientation because: 1) The growing intensity of new product
competition, including non-wood materials, and 2) the emergence of
many different customer groups with new and distinctive product
needs, and 3) the changing distribution patterns required to serve
those needs. The loss of market share by the timber industry in
bridge construction during the twentieth century may be attributed,

in part, to a lack of marketing research and a thorough
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understanding of one of the bridge customers (the design engineer).
Marketing research is necessary for forest products firms to plan
for marketing new products or to plan for development of new
products (Kallio 1980). The following sections give an overview of
the marketing practices of timber bridge suppliers and how their
perceptions on selected marketing activities compare +to the
perceptions of the bridge customer.

The Midwest had the largest number of firms reporting they
market timber bridges in that region with 20, or 65% of responding
companies. The West had the largest number of producers of timber
bridges at 12. Only 14 of the 31 bridge firms said they actively
marketed in West. This could be do to the high number of firms, or
the inability to compete effectively with Douglas fir as a bridge
material in that region. Over 55% of the firms said they marketed
bridges in the South, Mid-atlantic and Northeast (Table 2). Five
(17%) of the responding firms reported that they marketed their
product outside the United States. This would indicate that a
international market exists for timber bridges and those firms not
involved, could expand by exploring this area.

The primary method of serving the bridge customer was with an
inside sales staff (68%), while one-third of the companies stated
they employed outside sales people. Manufacturers' representatives,
brokers, and bridge contractors were the other methods of servicing
the bridge market. Ten percent of the firms stated they had no one

specifically involved in marketing (Fig. 2).
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The promotional mix of bridge firms was lead by personal calls
by sales people. Sinclair (1992) states that personal selling is
clearly more expensive on a per contact basis than advertising;
however it dominates the promotional mix of many major wood products
corporations. Many firms believe that personal selling is necessary
when the unit of sale is large, the product is complex, and the
product benefits have to be carefully matched to the customers'
desires (Hiam and Schewe 1992). These factors are all important in
the promotion of timber bridges.

It must be recognized that the selection and design of bridges
is a long-term process, with it not uncommon for this process to
last as long as 3 years. This results in the salesperson being
involved in missionary sales, just to inform the customer that
timber is an alternative for their bridge needs. The bridge is
normally purchased by a contractor through a formal governmental bid
procedure, with low bid usually being accepted. Other elements in
the promotional mix of timber bridges include sales literature,
displays at trade shows, providing engineering assistance,
advertising, and seminars to customers (Fig. 3). Over 10% of the

respondents replied they participated in no promotional activities.

Perceptions of the Purchase Process
Understanding the customer is one of the primary purposes of
marketing research. To identify important factors in the bridge

decision process an extensive investigation was undertaken by Smith
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and Bush (1994) of bridge engineers and highway officials. This
section will discuss how current timber bridge marketers compare
with selected factors from this earlier study. This information
will provide insight of needed areas of improvement in the marketing
programs of such firms.

Firms were asked to rate the importance of the different
decision-makers in the bridge decision. State Department of
Transportation (DOT) officials and private consulting engineers were
rated statistically higher than county and local officials (Fig 4).
Depending upon the state in which the marketing activities are being
directed, this would allow promoters of timber to direct their
activities more efficiently. The importance of the 3 decision-
making groups (state DOT, private consultants and local officials)
varies greatly by region and state. Timber bridges have had
greatest success where local control of rural roads is strongest
(Luppold 1991). Yet, in many states standard bridge plans are
routine, and state DOTs discourage non-standard designs when
appropriating federal highway funds. Many states do not have
standards for complete timber bridge design, making it difficult for
these projects to receive federal highway funds.

Bridge firms were contrasted with decision-makers on the
importance of eight sources of bridge information (Table 3).
Although statistical difference existed in all but one area,
government research, the order of the information source was

similar, with one exception. Current bridge firms listed personal
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calls by sales people second in importance, while highway officials
stated personal calls fifth in importance.

The top four criteria for decision-makers included other
highway officials (peers), government research, journal articles and
seminars on bridge materials. All of these factors can be
classified as educational activities. The lowest factors included
advertisements in magazines, trade shows, unsolicited sales
literature, and personal calls by sales representatives. Standard
marketing practices provided the least information during the
selection of bridge materials (Table 3). This information should
assist timber bridge marketers with the direction of their
promotional efforts, toward the educational activities of the
decision-maker.

Twenty-three important non-structural factors in the bridge
decision were rated by design engineers across the United States
(Table 4). It is believed that these are the areas in which
promoters of timber bridges can best direct their efforts in meeting
highway officials needs. The most important factors rated on a
scale from 1 to 7 by decision-makers included: 1)lifespan of
material, 2)past performance, 3)maintenance of material,
4)resistance to natural deterioration, 5)initial cost, and 6)life-
cycle cost of material. In contrast, the manufacturers and
marketers of timber bridge materials rated these factors:
l)designer's familiarity with material, 2)initial cost, 3)lifespan

of material, 4)local ©official's preference, S)maintenance
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requirements, and 6)AASHTO specifications (Table 4). Surprisingly,
the bottom two factors, government research and industry promotional
efforts were rated similar by both groups.

These results indicate that marketers of timber bridges feel
that individuals preference and specifications play a much larger
part in the decision than it actually does. Decision-makers are
much more interested in the long-term performance and maintenance
requirements of the material. Promoters of timber place a higher
emphasis on Initial cost, than that of the decision-maker. Since
cost is an important factor, manufacturers may feel this is one
method they can effectively compete with other bridge materials.
Initial cost may be a more controllable factor to the manufacturer,

than past performance and maintenance requirements of the material.

DISCUSSION

Although the current timber bridge industry represents a small
portion of wood utilized by the forest product's field, this study
demonstrates the variety of businesses that could compliment their
product line by expanding into this potential large market. The
primary manufacturing necessary 1is fabrication and treating
capabilities. Current marketing procedures rely heavily upon inside
and outside sales representatives. Promotion consists of outside
sales people, literature, and attendance at trade shows. Promotion
often consists of missionary sales, in which the salesperson informs

and educates the bridge specifier of the benefits of timber. Once
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the bridge is designed, however, it will normally go to a formal bid
procedure, where the low bidder will usually be awarded the
contract.

This study revealed that differences existed between timber
bridge firms and bridge material decision-makers. The industry
placed more importance on sales people, and less on government
research findings. Industry must meet the educational needs of the
bridge specifier, and rely less on standard marketing activities.
Differences existed between the two groups on important factors in
the bridge decision. Industry felt that initial cost and
familiarity with materials played a larger role in the decision,
than the specifiers of bridge material. Specifiers placed much more
emphasis on the performance and maintenance of materials. These are
the areas that manufacturers/promoters must improve timber bridges
for them to be more accepted.

Current timber manufacturers must place an emphasis on new
bridge technology and divorce themselves of past timber designs,
since past performance is a major criteria. Bridge manufacturers
need to emphasize the wood/non-wood combination of new technologies

in their marketing efforts. William Bulleit (1993, p. 45) states:

"The attitude that wood should compete with concrete and
steel by remaining "pure" and not integrating with other
materials needs to be changed. Concrete would not be the
structural material it is today, if it had not been
integrated with steel.”
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Efforts must be directed at increasing the lifespan and
reducing or eliminating maintenance requirements for new timber
bridges. This would require further research on improved wood
preservatives and methods that will increase the lifespan to more
than fifty years, which is currently being attained by concrete.
Bridge designs are needed that will drastically reduce the amount
of maintenance required for timber bridges. The bottom line is that
rural bridge maintenance is normally done by 1local units of
government, which in many cases do not have the appropriate funding
necessary to do an adequate job of routine maintenance procedures.

Although much of the current emphasis has been sponsored by
the public sector (USDA Forest Service and research institutions),
long-term acceptance of new timber bridges will depend upon private
enterprise to meet customer needs. Rosenberg et al. (1990) states
that commercial success ordinarily goes beyond what can reasonably
be attained by a public agency: fine-tuning the product design and
characteristics to the specific needs of specialized categories of
users, as well as improving process and machinery for which the
public sector has only a modest capability. Efforts are currently
underway by the U.S. Forest Service as part of their Timber Bridge
Initiative for better treatments and designs. Yet, for timber
bridges to improve their position in the marketplace, manufacturers

have a responsibility to meet the needs of the bridge customer.
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Table 1. Respondents'

Primary Type of Business and Relationship

to Timber Bridges

Primary Business

Number Firms (Percentage)

Wood Treating 14 (47%)
Glue-Lam Manufacturer 9 (30%)
Broker or Manufacturers Rep. 3 (10%)
Softwood Lumber 2 (7%)
Timber Bridge Manufacturer 1 (3%)
Timber Bridge Design and Sales 1 (3%)
Timber Bridge Business

Manufacturer 23 (74%)
Manufacturer's 3 (10%)
Representative

Sale of Treated Lumber 2 (7%)
Bridge Rehabilitation 1 {3%)
Contractor

Importer 1 (3%)
Timber Bridge Design and Sales 1 (3%)

Table 2. Location of Production and Marketing Activities
of Respondents

Location Production Marketing

Facilities Activities
West 12 (43%) 14 (45%)
South 4 (14%) 17 (55%)
Mid-atlantic 5 (18%) 19 (61%)
Northeast 1 (4%) 17 (55%)
Midwest 6 (21%) 20 (65%)
Outside U.S. 5  (17%)

Chapter 4
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Table 3. Importance of Bridge Information Sources

Chapter 4

Bridge Timber Bridge
Information Highway Officials Marketers P-Value
Sources Mean rating* Mean rating
Other Highway 5.41 (1) 5.87 (1) .04
Officials (Peers)
Government 4.72 (2) 4.71 (5) .96
Research
Journal Articles 4.29 (3) 5.20 (3) .00
Seminars 3.47 (4) 4.83 (4) .00
Personal Calls by 2.48 (5) 5.61 (2) .00
Sales Reps.
Unsolicited Sales 2.45 (6) 3.21 (8) .00
Literature
Trade Shows 2.44 (7) 4.42 (6) .00
Ads in Magazines 2.17 (8) 3.48 (7) .00
* Rating scale range 1 (below average) to 7 (above average), 4 = average
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Table 4.

Chapter 4

Importance of Non-Structural Factors in Decision Process

DECISION GROUP

Highway Timber Bridge
Bridge Material Factor Officials Marketers P-Value
(Mean rating) (Mean rating) MANOVA

Lifespan 5.95*% (1) 5.65 (3) .21
Past Performance 5.92 (2) 5.48 (7) .10
Maintenance 5.84 (3) 5.52 (5) .14
Natural 5.82 (4) 5.26 (12) .01
Deterioratiocn

Initial Cost 5.54 (5) 6.10 (2) .01
Life-cycle Cost 5.51 (6) 5.45 (8) .82
Ease of repair 5.25 (7) 4.90 (13) .24

Specifications in AASHTO 5.24 (8) 5.52 (6) .11
Time of Traffic Interruption 5.08 (9) 4.87 (14) .33
Designer's 4.86 (10) 6.19 (1) .00
Familiarity
Design Information 4.85 (11) 5.37 (10) .04
Resistance to De-icing 4.84 (12) 4.87 (14) .99
Chemicals
Environmental 4.66 (13) 5.29 (11) .01
concerns

Inspection 4.65 (14) 4.42 (21) .44
Requirements
Loading Variations 4.56 (15) 4.84 (17) .37
Contractors 4.41 (16) 5.42 (9) .00
Familiarity
Daily Traffic Count (ADT) 4.41 (16) 4.55 (20) .66
Aesthetics 4.34 (18) 4.87 (14) .03
Local Officials Pref. 4.23 (19) 5.65 (4) .00
Local Economy 4.11 (20) 4.58 (19) .06
Bridge Ownership 3.98 (21) 4.77 (18) .02
Gov. Research 3.82 (22) 4.13 (23) .07
Promotional 2.81 (23) 4.32 (22) .00
Efforts

{ ) ranking of factors

* Rating scale: 1 (below average) to 7 (above average), average

4
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Species Used in
Bridge Manufacture

Southern Pine 68 %

Douglas Fir

Red/White Oak

Red Maple
Red Pine 13%
Other 13%

0% 20 40 60 80 100%

Figure 1. Percentage of Timber Bridge Manufacturers Using Various Species
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Marketing Methods

Inside sales people 68%

Outside sales people " 1 32%

16%

Manufacturer’s Reps

Other 12% (Through Bridge Contractors)

Brokers 10%

None of these methods 0%

0% 20 40 60 80 100%

Figure 2. Marketing Methods of Timber Bridge Firms
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Percentage of Firms using
Selected Promotional Activities
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Figure 3. Promotional Activities of Timber Bridge Firms

165



Chapter 4

Importance Rating
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Figure 4. Importance Ratings of Highway Officials by Bridge Firms
Scale: 1 (below average) to 7 (above average), 4 = average
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A Strategic Evaluation of Factors Affecting
the Adoption of Timber Bridges

This chapter is designed to be a final report to the sponsors
of the research. It summarizes the various stages of the study and
conclusions drawn from the investigations. The chapter estimates
the total size of the market for timber bridges by geographic
region. It suggests strategies for the timber bridge industry that

may improve their marketing efforts.
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EXECUTIVE SUMMARY

A comprehensive study was undertaken to determine the barriers
and incentives that continue to exist for timber bridge adoption
across the United States. The study began with a comprehensive
literature search of secondary information in the areas of timber
bridges, innovation, barriers to entry of new products, and decision
making theory. Input was sought from qualified university
personnel, the USDA Forest Service, and engineers across the U.S.
on iméortant issues regarding the adoption of timber bridges.

The first stage of primary data collection included a mail
survey to over 1300 highway officials across the country to measure
perceptions of various bridge materials (prestressed concrete,
steel, timber, and reinforced concrete). Timber was perceived to
be the poorest in overall performance and rated lowest on four of
eight pre-selected material attributes (low maintenance, easy to
design, long life, and high strength). Physical characteristics of
timber rated lower than design characteristics. The Midwest and
Northeast regions of the United States rated timber higher in
overall performance than other regions.

The six most important criteria in choosing a bridge material
were used to model the decision process using the Analytic Hierarchy
Process. The top criteria, as rated by the mail survey, included:
expected lifespan of material, past performance, maintenance
requirements, resistance to natural deterioration, initial cost, and

lifecycle cost of material. Engineers and highway officials in four
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states (Mississippi, Virginia, Washington, and Wisconsin)} were
personally interviewed to gather data for the AHP model. Officials
were classified as either state department of transportation
employees, private consultants, or local highway officials. The
rating of the six criteria were similar by state, however their
effect on the material choice (prestressed concrete, steel, timber,
and reinforced concrete) varied by region. Prestressed and
reinforced concrete were the material of choice by each decision-
group within each state.

The final phase of the investigation included a mail survey to
existing manufacturers of timber bridge materials to understand
their marketing and manufacturing practices. Sales of responding
firms ranged between 1.3 million to over 2 billion dollars, however
sales from timber bridge materials represented 7% of total sales.
Wood treating and glue-laminating firms represented 75% of
responding firms. State DOT engineers were considered to have the
greatest influence on the bridge material decision.

The information gathered by these three studies lead to the
development of strategies for the timber bridge industry. The
factors that have the greatest impact for adoption appear to be a
strong marketing effort by manufacturers, timber designs in state
bridge standards, the use of deicing chemicals, and strong control
of rural bridges by local officials. Factors that appear to impede

adoption include strong state control of local roads, no timber
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bridge design standards, perceived high wood decay rates, low cost
of concrete bridges, and the lack of an active marketing effort.

The size of the timber bridge market was estimated based on
answers to open-ended questions by highway officials in the mail
survey, personal interviews, and bridge data obtained from the
Federal Highway Administration. It is unlikely to exceed 600 to 700

bridges a year or 10 to 12 million board feet of lumber.
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INTRODUCTION

Background

Recently, the modern timber bridge has entered the market for
bridge replacement in the United States (USDA 1990). Although wood
is probably the oldest bridge building material, new technological
innovations allow under-utilized species to be built into rural
highway bridges. With an estimated 84 billion dollar backlog for
bridge replacement and rehabilitation in the United States (USDOT
1991), a market opportunity exists for the forest products industry
to expand into this area.

During the winter of 1992 a study was undertaken at Virginia
Tech in cooperation with the USDA Forest Service to investigate the
factors that effect the adoption of timber bridges. With a thorough
understanding of these factors, their affect upon the bridge
decision process, and an understanding of current marketing
practices of timber bridge promoters, strategies can be developed
that will assist in increasing adoption of new bridge technology.
By directing efforts to areas in which this technology will have the
greatest potential, rural economic development can be enhanced.

One of the most difficult strategic decisions for management
to evaluate is the expansion into new product areas. This may be
attributed to a failure rate that ranges between 35% (Crawford 1979)

and 80% (Swasy 1990). Yet, it is known that new products are vital
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for long-term economic growth of a company. From the period between
1978 to 1986 new product's contribution to profits in all U.S.
industries rose from 23% to 32% of total profits (Sarin and Kapur
1990). New products become increasing important as the industry
approaches maturity. This trend has been witnessed recently in the
forest products industry as firms move from standard commodity items
to differentiated and specialty products (Rich 1986, Sinclair 1992).

New product success has been attributed to a strong marketing
orientation (e.g., Cooper 1990, Cooper and Kleinschmidt 1987,
Hopkins and Bailey 1971, Swasy 1990). Marketing research is the
first step in identifying and meeting customer needs. All to often
market research is done after the development of the product to
verify market acceptance. Successful products have market input
into the design decisions to meet customer expectations (Cooper
1990). This market orientation has been directly attributed to
business profitability (Narver and Slater 1990).

This concept is increasingly important to the forest products
industry as timber resources change, become limited, and
international competition increases. C.W. Bingham, Vice-President
of Weyerhaeuser Inc., stated that forest products firms must develop
innovative specialty products and seek out discrete market segments
to be successful (Bingham 1986). This research will provide
information necessary for firms interested in expanding into the

bridge market.
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The first part of this study has identified, through a mail
survey to over 1300 bridge decision-makers, that timber is perceived
to be the poorest performing bridge material across the United
States. Prestressed concrete was rated the highest, followed by
reinforced concrete, steel, and timber. The most important non-
structural factors in the bridge decision {(of the twenty-three
measured) include lifespan, past performance, maintenance,
resistance to natural deterioration, initial cost, and lifecycle
cost. These factors were similar across three decision groups
(state DOT engineer, private consultants and local highway
officials) and five distinct geographic regions (Northwest, South,
Mid-atlantic, Northeast and Midwest).

Timber was rated the lowest on the material attributes of
maintenance, ease of design, long life and high strength. The most
common concerns with timber were decay in the substructure of the
bridge and continued maintenance. These are areas that
manufacturers need to address in order to increase acceptance of
timber bridges. Only on the attribute of ease of construction did
timber rate above reinforced concrete and timber never rated above
prestressed concrete. Decision-makers preferred prestressed
concrete because of its pre-fabrication, tight quality control
measures, standard sizes, long life, and ease of construction.

Timber was rated higher in performance by decision-makers in
the Northeast and Midwest United States. The Mid-atlantic and South

rated timber the poorest performing material. Local highway
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officials perceived timber to be better than state DOT and private
engineers. Those who have tried timber within the past five years
or have participated in the recent Timber Bridge Initiative Program
perceived timber to be better than those who have not.

In the second segment of the research, the decision model
Analytic Hierarchy Process (AHP) was applied to the six major
factors (criteria) in the bridge decision process to determine their
importance in the choice of a bridge material in four selected
states. Personal interviews were conducted with over seventy
engineers in the states of Mississippi, Virginia, Washington, and
Wisconsin. In every state either prestressed or reinforced concrete
was the material decision based upon these criteria. The most
important criteria were maintenance requirements, initial cost, and
past performance of material. Only in Wisconsin was timber the
second choice by county engineers. Every state DOT and private
consulting engineers favored either prestressed concrete or
reinforced concrete.

The results of this part of the study indicate that timber
will seldom be chosen as the rural bridge material based upon these
six criteria. The only criteria that effected the choice of timber
was initial cost. As cost becomes more important in the decision,
timber may be considered. This part of the study also concluded
that rural decision-makers are more likely to choose timber than are
state or consulting engineers. This is where marketing efforts may

be most successful.

174



Chapter 5

In the final segment of the research over sixty manufacturing
firms currently involved in the promotion of timber bridges were
surveyed to understand marketing and manufacturing practices. Wood
treating and glue-laminating plants represented over 75% of
responding companies. Manufacturing facilities were located
predominantly in the Western U.S. and marketing efforts were highest
in the Midwest. Timber bridge sales account for approximately 7%
of total sales of the responding firms. Southern pine and Douglas
fir were the main species currently utilized in bridge construction.
Only 40% (12) of the firms responding supplied a complete timber
bridge package, and 7 of these provide engineered plans with the
bridge.

One-third of the responding companies used an outside sales
staff for marketing their bridges. Other elements of the
promotional mix included sales literature, displays at trade shows,
providing engineering assistance, advertising and seminars. Timber
bridge promoters felt that individual preferences and specifications

are more important in the decision than bridge engineers.

Timber Bridge Adoption

The modern timber bridge can be considered a major innovation,
in which highway officials are being asked to adopt as part of their
bridge replacement programs. Adoption decisions must consider the
response of the customer to technological alternatives. Resistance

to these changes by end users can be expected and is a valuable
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source of information (Ellen et al. 1991). These authors go on to
state that part of the problem lies in that potential adopters may
not perceive the benefits or risks in the same way as the planners
of the innovation. Resistance to innovation has been called the
less developed concept in diffusion research (Sheth 1981).

There are numerous examples of difficulty in introducing new
products into the industrial marketplace. Adoption of new products
has been slower than expected, provided lower profit margins,
required greater resources than originally planned, and in many
cases resulted in withdrawal from the market. Many barriers exist
that may be unseen, unanticipated, and unmanaged, resulting in
rejection of the innovation by potential buyers of a superior
product (More 1986). Entry barriers have been defined by Porter
(1980) as features of an industry that give incumbents an inherent
advantage over potential entrants. Little is known of the barriers
that inhibit adoption, the incentives that may contribute to the use
of wood, the realistic potential market share for wood in this
market, and the marketing strategies necessary to increase the
adoption rate.

Five major factors, which may act as barriers or incentives
to timber bridge adoption, have been identified in this study:
conditions, decision-makers, demand, familiarity, and resources
(Table 1). For the timber bridge industry to continue to expand,
it is necessary to have a thorough understanding of these factors

and how they effect the material choice decision by bridge
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officials. Although over 270 modern timber bridges have been built
since 1989 (USDA 1993), much of this success can be attributed to
current monetary incentives for their adoption. This research has
determined that negative perceptions of timber as a bridge material
continue to exist, and manufacturers will need to address these

perceptions if the use of wood for rural bridges is to increase.

OBJECTIVES

It is the objective of this final chapter to identify the
barriers and incentives that continue to exist for timber bridge
adoption. These factors were analyzed in depth as case studies in
four selected states. The realistic market size will be determined
from current Federal Highway Administration data (FHWA 1993) and the
market segments with the greatest potential to use this technology
will be identified. Marketing strategies will be suggested which
will enable promoters of timber bridges to direct their efforts in
the most efficient manner. Areas of future research will be
identified which will enable scientists to continue this important

work.

METHODS

The results reported in the following sections are based on a

mail survey to over 1300 highway officials in twenty-eight states,
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personal interviews with over 70 engineers in four states, and a
mail survey to over 60 current timber bridge manufacturers. Open
ended questions via the mail surveys and discussions with highway
officials led to the identification of barriers and incentives that

exist for timber bridge adoption.

RESULTS AND DISCUSSION

Incentives and Barriers to Timber Bridge Adoption

Much has been reported on the advantages of timber in bridge
construction (Gutkowski and Williamson 1983, Muchmore 1986, Ritter
1990). These positive characteristics can be considered incentives
to increase adoption rates of timber bridges. In this study
engineers and highway officials identified reasons for using timber
in bridges. The most important incentives include: Ease and speed
of installation, ease of repair, timber is not effected by deicing
chemicals, and aesthetics. Although in open-ended questions, timber
was repeatedly suggested because of aesthetics, this research
discovered that decision-makers rated prestressed and reinforced
concrete higher on this attribute. Aesthetics rated quite low on
the 1list of factors important in the bridge material choice
decision. This may indicate that although many highway officials
feel timber is aesthetically pleasing, this is not an important
factor in choosing a bridge material. Other incentives are

summarized in Table 2. These represent potential competitive
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marketing advantages that timber may posses over the other bridge
materials.,

Ou and Weller (1985) identified the disadvantages of timber in
bridges as decay, fire, deep members, long fabrication times, and
moisture retention. This study identified important barriers to the
adoption of timber bridges as: Short lifespan, high maintenance,
excessive deflection, high cost, environmental concerns, and poor
performance under heavy and/or high volume traffic (Table 3).
Although problems with timber bridges were recognized in the mid-
eighties, many of the same barriers exist today. Manufacturers and
timber design engineers must address the barriers that continue to

retard adoption of modern timber bridges.

Case Studies

The following section discusses in depth the results from
interviews with decision-makers in 4 states regarding timber
bridges. Much of the information is qualitative in nature in order
to establish the bridge replacement situation in each state. Table

4 is a summary of these results for ease of interpretation.

Mississippi- With an estimated 8000 deficient bridges, this
state would appear to be well placed for increased adoption of
timber bridges. Nearly 20% of current structures are made of timber
and current replacement with timber bridges is 17% (FHWA 1993).

Yet, perceptions of timber in Mississippi was one of the poorest of
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the states studied. In discussions with DOT and county engineers
(which are private consultants appointed for 4 year terms), it was
found that most of the timber bridges are built to no design
standards. Local elected officials or county road personal often
replace closed or restricted bridges (structures that should not be
carrying the weight of regular traffic) with either creosote treated
timber, used steel trusses, old railroad flat cars, or used precast
concrete decks. This choice depends heavily upon what material is
available and least expensive. The role of the county engineer may
be only to determine the size of the structure.

All state and federally funded bridges must be designed by the
county engineer. Mississippi relies heavily upon standard bridge
plans, that do not include timber. Although the county engineer
makes the replacement decision, all that were interviewed stated
they followed standard state bridge plans. The material of choice
was prestressed concrete resulting from its ease of construction,
long lifespan, and low cost. This state had the lowest average
total bridge costs of states interviewed with a range of $30 to $35
per square foot for prestressed concrete. This compares to current
Timber Bridge Initiative costs that range between $35 to $120 per
square foot of superstructure (USDA 1993). Mississippi replaces,
on average, nearly 175 bridges a year (FHWA 1992).

Timber bridges in the state have not performed well. The fact
that these bridges may have not been well designed was not important

to highway officials. Engineers stated that the average lifespan
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was only 25-30 years. Decay in piling and substructure material was
quite common. High maintenance is the other consideration that
engineers disliked about timber. Timber bridges are being replaced
regularly with prestressed concrete. This process will most likely
continue until it can be proven that timber bridges can last 50
years and timber is cost competitive.

There are 10 treating plants in Mississippi that can supply
the timbers that go into the replacement bridges. The sawtimber
resource is approximately 73 billion board feet, with one-half being
softwoods (USDA 1989). Loblolly and shortleaf pine make up the
majority of softwoods, while red ocak, white oak and sweetgum make
up most of the hardwood resource. There is no continued active
marketing of timber bridges in the state. The Timber Bridge
Initiative has sponsored 8 bridges since 1989 and the State Forestry
Commission has supported their efforts. Highway engineers feel that
these structures have been expensive and provide no real advantage
over prestressed concrete.

Marketing efforts in Mississippi need to address getting
timber bridges in the standard bridge plans. Working with the
secondary roads program of the State DOT would be the place to
start. Initial cost, resistance to natural deterioration, and
maintenance requirements were the most important factors in the
bridge decision in this state. Since substructure decay is the
primary concern with timber, efforts should be spent promoting a

complete timber superstructure on concrete abutments. Advantages
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of timber would include speed of installation, ability to use local
work crews, reduced maintenance of modern designs, and the ability
to rehabilitate existing bridges. Costs of timber bridges will have

to be competitive to prestressed concrete for wide acceptance.

Virginia - Of the states interviewed, Virginia's Department of
Transportation (DOT) has the largest control of rural roads (97%).
Virginia is divided into 9 highway districts with a chief bridge
engineer directing maintenance and replacement for rural bridges in
each district. Most rural bridges are designed at these locations.
The central office in Richmond in responsible for State and Federal
highway bridge replacement. Private consultants are used
occasionally as work load dictates. Virginia has the smallest
number of timber bridges of states interviewed, 60, and 3 TBIP
sponsored bridges. Virginia has approximately 4000 deficient
bridges in need of replacement. The state utilizes standard bridge
plans, which do not include complete plans for timber. However,
temporary structures and timber plank on steel stringers are in the
design manual. Average bridge costs for concrete structures are
between $55 and $65 per square foot. Engineers favored reinforced
concrete as a material choice.

In 1991 Virginia introduced its own timber bridge initiative
through cooperation of the Virginia Transportation Research Council,
vVirginia Department of Transportation, University of Virginia, and

Virginia Department of Forestry (Hilton, Sutherland, and Frame
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1991). Through this program one innovative timber bridge will be
built in each of the nine highway districts. Evaluation of these
structures will determine if further timber bridge work will
progress.

Of the four states studied, Virginia engineers had the poorest
perception of timber as a bridge material. The eastern side of the
state has reportedly had decay problems with timber pilings after
thirty years. Maintenance of timber decks on steel stringers was
also considered a problem. Maintenance requirements and past
performance of materials were the most important factors in the
bridge decision in Virginia. Discussions with highway officials in
the central and western parts of the state indicated that they are
receptive to attempts to utilize more timber and thought it may be
a quick method for superstructure replacements. Some officials
liked the idea that their own maintenance crews may be able to
fabricate and install timber decks. A lack of manufacturing
facilities and initial cost were concerns at this time.

Twenty-eight treating plants and one glue-laminator are
located in the state and could meet bridge needs. The state's 80
billion board feet of sawtimber is divided between one-quarter
softwoods and three;quarters hardwoods. The oaks and yellow poplar
are the predominant hardwood species, while Virginia and loblolly
pine make up the majority of softwoods (USDA 1992). The state

replaces an average of 125 bridges a year.
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Other than the Timber Bridge Initiative Program and the
Virginia Timber Bridge Initiative, there is 1little marketing
activity. Marketing efforts need to get timber bridges in the
design standards for the state. As in Mississippi, timber
superstructure on concrete abutments appear to be the best
alternative. Incentives include speed of installation, construction
by state crews or local labor, cost competitiveness, and the current

Virginia initiative.

Washington - Located in the heart of a large timber resource,
one would expect this state to be receptive to timber bridges.
Research identified 12 manufacturers or marketers of timber for
bridge construction located in the Western U.S. Over 12% of the
Washingtons' nearly 7000 bridges are classified as timber. Yet,
recent replacement bridges are only 3.4% timber. Perceptions of
timber as a bridge material by highway officials were rated slightly
above the national average at 3.91 on a scale from 1 to 7.

Each county in Washington has an engineer responsible for
bridge replacement and maintenance. These engineers will design or
hire outside consultants to design their rural bridges. Highway
appropriations are handled by the State local programs department,
which is headed by a state DOT engineer. This group decides which
bridges receive funding during any fiscal period, but have little
influence over the design of the structure., State DOT engineers in

the central office at Olympia do review rural plans, but bridge
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standards are normally followed. The only standards for timber are
in detour situations. The rural bridge decision is normally made
by the county engineer in conjunction with a hired consultant.

Washington has two distinct climates, which divide the state
in half. West of the Cascade mountain range is quite humid
resulting in timber bridges not performing well. Decay is
reportedly high and maintenance is needed often for timber bridges.
The average reported lifespan is between 30 and 40 years. East of
the mountains, timber is perceived relatively well. It is quite
arid, with low annual rainfall. A lot of timber bridges were built
in the late 30s and 40s during the WPA programs. Many of these in
the eastern part of the state are now just being replaced.
Prestressed concrete is the material of choice throughout the state.
The availability and quality of concrete was a distinct competitive
advantage for its use. The average cost of concrete bridges range
between $60 and $70 per square foot.

Timber bridges are currently being built for aesthetic
reasons. Only one of eight county engineers was receptive to timber
bridges as regular alternatives for rural replacement. Concerns of
depleting the old growth forest were quite common and cost was
another barrier to adoption in Washington. Only ten percent of the
170 billion board feet of saw timber is in hardwoods, with red alder
being the predominant species. Douglas fir and western hemlock make
up over 70 percent of the softwood saw timber (USDA 1992). Fifteen

plants are available for wood treating within the state.
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Marketing efforts need to be directed to state DOT engineers
to establish standard plans for timber bridges. Maintenance and
lifecycle cost were the most important factors in the bridge
decision in Washington. These plans should stress timber
superstructures on concrete abutments. Incentives in Washington
include aesthetics, speed of installation and long life east of the

Cascade mountain range.

Wisconsin - This state has a unique system of highway
maintenance, among those studied, with counties/towns responsible
for all roads that fall within their jurisdiction including federal,
state, county and township. The counties work closely with the
state DOT eight highway districts on bridge replacement. Each
county is headed by a highway commissioner, who may be an engineer
and 1is responsible for bridge replacement within the county. Most
counties rely on private consultants to design their rural bridges.
The state DOT has a maintenance/local programs engineer in each
district who works with the county in bridge replacement.

Nearly 5000 of the states' 13,000 bridges are classified as
deficient. Wisconsin is one of only five states that have witnessed
an increase in timber bridges since 1986. This may be attributed
to standard plans that include designs for timber and strong
marketing efforts by two private timber bridge companies.

Nearly one-third of the state's 35 billion board feet of

sawtimber is in softwoods (USDA 1988). Red pine, white pine, and
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jackpine make the largest volume of softwoods, while aspen and the
oaks make up the biggest volume of hardwoods.

Wisconsin was another state in which reinforced concrete was
the material of choice among decision-makers. Average reported
costs for concrete bridges was between $45 and $55 per square foot.
Decision-makers in Wisconsin rated timber better than did decision-
makers in the other states studied. Decay was not a major concern,
but maintenance and initial cost were barriers. Incentives included
all year construction, local labor, resistance to deicing chemicals,
and aesthetics. Initial cost, maintenance requirements, and
lifecycle cost were important in the decision making process to
Wisconsin engineers. Marketing efforts by one bridge firm date
back to 1955 and recently the state Association of Resource
Conservation and Development (RC & Ds) have played an active role
in promoting timber bridges. They currently have a study underway
in the state to determine county bridge needs and market potential.
One glue-laminator active in the bridge program is located within
the state and fourteen treating plants can meet the requirements of
treating wood for a bridge manufacturer.

The county road commissioner is the initial contact for bridge
replacement, however, they rely heavily upon the opinions of state
DOT district and central engineers. Private consultants also are
heavily influenced by their customer, the state DOT. Cost of timber
is the primary barrier to DOT acceptance. Marketing efforts must

address modern designs in the state standards, year round
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construction, aesthetics, resistance to road salts, and use of semi-

skilled labor.

Factors Important to the Adoption of Timber Bridges

The four states were compared to identify important factors
which may influence the adoption of timber bridges. Of the factors
measured, those classified under the headings of resources,
familiarity, and conditions (Table 4) appear to be the most
influential in the use of timber in rural bridges. The number of
decision-makers and demand for bridges appear to have little impact
on timber adoption.

The factors under these headings, that appear to have the
greatest impact on timber bridge adoption, include: a strong
marketing effort, standard bridge plans that include timber, timber
bridge familiarity by engineers and contractors, severe climatic
conditions that include the use of deicing chemicals, and strong
local rural road control. The first three of these criteria are
providing or supporting timber bridge information for highway
officials. Deicing chemicals are one of the major factors for
deterioration in concrete bridges (Dunker and Rabbat 1993). Local
road control is important because these officials are closest to the
rural bridge replacement decision. These factors are present in the
state of Wisconsin, which has the highest perception of timber as
a bridge material, and has seen an increase in timber bridge use

since 1982.
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Factors under each these headings, that appear to impede the
adoption of timber bridges, include: strong state control, high wood
decay areas (humid climates), low cost of concrete bridges, lack of
standard plans that include timber, and a lack of timber marketing
efforts. It appears that state engineers' design criteria for state
highways influence their decision for rural roads. They are
familiar with working with prestressed concrete on major highways,
and consequently use it for local roads. High decay rates were
reported in all regions except the Midwest, and for timber to be
more widely accepted, this problem needs to be solved. In many
areas the cost of timber superstructures is exceeding the cost of
complete concrete bridges. Until these costs are competitive,
timber will continue to experience low adoption rates. A lack of
standard timber plans and marketing efforts result in unfavorable
usage of timber in these areas. These factors are evident in
Virginia and Mississippi and these states represented regions that
have the lowest perception of timber.

The amount/type of timber resource base, number of
manufacturers, amount of deficient bridges and the amount of timber
bridges in state appear to have 1little effect on the rate of
adoption and perceptions of timber as a bridge material. There
appears to be an inverse correlation between the number of timber
bridges and their perceptions of timber. Mississippi has the

largest number of timber bridges of states interviewed, yet has one
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of the lowest perceptions. This may be attributed to these bridges

not being built to modern design or to any design standards.

Characteristics of Timber Bridge Adoption

Five characteristics of innovations that affect their adoption
and rate of diffusion have been identified by Rogers and Shoemaker
(1971) as: relative advantage, compatibility, complexity,
trialability, and observability. Recent timber bridge adoption may
be characterized by these five characteristics as follows:

Relative advantage: Timber bridges have been promoted
based upon aesthetics, quick construction, not affected by
road salts, and easy to build. However, this study indicates
that the decision-maker may not perceive these as important
advantages. Many of these bridge characteristics timber rated
poorly or were not important in the bridge decision. Highway
officials may not identify the relative advantage to using
timber in bridges. This would support a niche strategy in
which areas where these characteristics are important to the
decision-maker timber can be promoted.

Compatibility: Less than one-half of the officials have
been trained in timber design. All officials perceived timber
to be more difficult to design than other bridge materials.
This would indicate that timber is not compatible with the
other materials in the engineer's perception for bridges.
Continued efforts are needed in the area of education that
will assist the highway official in their understanding of
timber bridge design. Efforts are needed to make modern
timber bridges more compatible with current bridge structures.

Complexity: Although every effort has been made to
assist the highway official in understanding new timber
designs, officials may be unwilling to make the effort to
learn these designs. Over seventy percent of respondents
reported that their states had standard bridge plans. Yet,
only thirty percent said these plans include timber. It is
therefore more difficult and complex for the official to work
with timber. Efforts are needed to have timber designs made
standard for each state highway department. Continued efforts
are needed to have AASHTO consider new timber bridge designs.
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Trialablity: The Timber Bridge Initiative program has
given every state the opportunity to try modern timber
bridges. This research indicates that those individuals who
have participated in the program or have built a timber bridge
in the past five years feel significantly better than those
who have not tried timber bridges. This may indicate the
trialability of timber for bridges has been successful.
However, it is possible that those who have participated
recently may have had better perceptions of timber to begin
with, or the monetary incentives may influence their decision.
The long-term performance of the modern timber bridge will
play an important part in highway official's perception of
timber over time.

Observability: The opportunity now exists for every
state to observe the performance of modern timber bridges.
Comparisons between modern timber bridges and non-timber
bridges can now be made. Only with accurate information can
the highway official make the best choice for their rural
bridge needs. The observability of timber bridges over a long

period of time will play an important part in the future
perception and use of timber bridges.

Market Size

Much has been written about the potential market for timber in
bridge construction. The estimates on the size of this market have
ranged as high as 120 million board feet per year or 7500 bridges
(USDA 1991). Current average timber use for a bridge superstructure
is estimated at 15,000 board feet (USDA, 1993). This research
estimates a realistic size of the market from a customer point of
view. During the mail survey an open-ended question asked where do
highway officials feel is the best location for timber bridges.
Overwhelmingly the response was low volume, low ADT (Average Daily
Traffic Count), short span bridges in rural areas. While personal

interviews were being conducted, officials were asked to define

191



Chapter 5

short span bridges and low volume roads. The mean responses were
less than 46 feet in length and less than 350 vehicles per day.

In order to estimate the size of this market, data were
requested from the Federal Highway Administration (FHWA 1993),
concerning the bridges that fall within these parameters. The
number of deficient bridges on U.S. roads with less than 350
vehicles per day (ADT) and less than 46 feet in length is 53,400
(Table 5). This represents a potential market of approximately 800
million board feet. However, only 5700 bridges are replaced
annually in the U.S., and 6% of these are currently timber (FHWA
1992). This would equate to over 5 million board feet of timber
currently used in bridge replacement. Yet, 14% of the bridges in
the U.S. in this size category are timber. To maintain this level
of timber bridges, approximately 12 million board feet of timber
would be used annually.

The greatest potential for bridge replacement is in the
Midwest and the South. These two regions account for nearly one-
half of the deficient bridges in this size category. These regions
also account for one-half of the deficient bridges in length between
46' and 80' on roads with ADT below 350.

Although numerous estimates can be made on the amount of
timber used in engineered timber bridges, these results indicate it
is unlikely to exceed 10 to 15 million board feet annually. Until
hardwood is cost competitive and design standards are fully

implemented, the majority of bridges will continue to be southern
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pine or Douglas fir. This does not take into consideration bridges
that are built by the USDA Forest Service on their roads or private
developments. All of the four states studied have the resources to

meet this demand.

MARKETING STRATEGIES

Marketing plays an important role in strategic planning by
providing specific information about a products' market position and
future opportunities which may exist. Companies can utilize this
information to develop long-term plans for their growth into new
areas. This study has provided needed information for the timber
bridge industry and suggests the following strategies for continued

expansion into the bridge market.

1. This research indicates that timber bridges will
remain a specialty product, which will have the most
success in specific niche markets. Promoters of timber
should develop a niche strategy in each specific
geographical region they approach to meet the needs of the
decision-makers in that area. A niche strategy where
quick construction, beauty, or winter construction may be
targeted. Other areas in which manufacturers can market
include railroads, covered bridges, small landscape/foot
bridges, and Forest Service bridges. Private developments
or areas in which highway design loadings are not required
may also provide opportunities.

2. Every effort needs to be directed at establishing
timber standards that can be easily adopted to individual
states. Providing bridge standards in computer aided
design (CAD) form, will ease the adoption for engineers.
Since much of the design is based upon readily accessible
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standards, timber bridge promoters must make it easy for
design engineers to choose timber.

3. Long-term performance of new timber designs must be
monitored and reported in an educational format. Results
must be transmitted through professional engineering
literature or training seminars. Marketing practices must
be directed at meeting the educational needs of the design
engineer. Efforts must be directed at state DOT
engineers.

4. New designs need to stress superstructure replacement
on concrete abutments or existing abutments for
rehabilitation purposes. Promotion need to stress the new
composites of wood and steel construction, and divorce
themselves of old timber bridge designs. Until wood
preservatives can be developed that will guarantee 50
years lifespan, timber substructures will have slow
adoption in humid or harsh environments.

5. Promoters of timber bridges need to utilize a variety
of marketing practices including: 1) the use of outside
sales personal to conduct missionary sales to highway
officials, 2) engineering assistance to be able to provide
answers to customers' (engineers') questions, and 3) the
development of educational and promotional literature for
distribution.

6. Prestressed concrete has been widely accepted because
it is built under strict quality control standards,
prefabricated, is available in standard sizes for
construction, and is easily constructed with trained
people. Modern prestressed timber bridges should be
promoted in a similar fashion. All these factors can be
applied to new timber designs. Manufacturing efforts
should be directed at providing standard size members for
bridges.

AREAS OF FUTURE RESEARCH

This research has revealed that numerous timber bridges are
still being built with no design considerations. It is necessary

to contrast the performance of timber bridges that have been built
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with specific design standards to other designed bridge materials.
This research indicates that much of the perception of timber is
based upon timber as a partial bridge material (decking) or as a
stick built project with no design. Engineering considerations must
be taken into account when comparing the performance of all bridge
materials. Long-term performance of designed timber bridges will
need to be compared with performance of other bridge materials.

Another area that needs attention is the lifespan of treated
timber in a bridge application. Properly treated timber is expected
to last in excess of 50 years, yet in a dynamic loading situation
(bridges), it is only lasting 30-40 years. What is occurring in
bridges that is shortening the lifespan of treated timber? This may
be attributed to construction practices, loosening of connectors,
or extremely harsh environments. For timber bridges to be widely
accepted, they will need to last in excess of 50 years with minimum
maintenance.

This study concentrated on specific geographic areas and did
not take into consideration the majority of states in the mid-
section and southwest United States. Results indicate that timber
bridges may be most successful in arid or low decay areas.
Information on perceptions of engineers and performance in these
areas would greatly add to the understanding for timber bridge
adoption.

This research applied only the top six factors to the decision
model Analytic Hierarchy Process (AHP). Other bridge decision

factors could be applied to broaden its scope. Factors such as
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aesthetics, ease of construction/repair, or resistance to deicing
chemicals may prove to be marketing advantages of timber. If timber
will not be the choice of an engineer with the most important bridge
factors, it is possible that other factors may be the best direction

for the timber promoters to direct their efforts.

LIMITATIONS TO STUDY

As with most investigations, not every aspect can be
identified or anticipated. This study was developed to understand
the factors that influence the design decision. The fact that many
bridges are still being built with no design criteria would
influence these results. Many of these bridges are in the South,
which has the largest number of timber bridges and one of the
poorest perceptions, indicates that perceptions may be based upon
non-designed structures.

Another limitation is that only 28 states were included in the
study. The results of the study indicate that timber may perform
better in arid or low decay regions. This work did not take into
consideration the <central or Southwestern United States.
Perceptions and performance of timber may be higher in these areas,
and factors that influence their adoption could be different. The
identification of these factors could assist in the adoption of

timber bridges in other areas of the country.
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This research was concerned with bridges built on rural roads
maintained by the county or state. Timber is used on state and
federal forest roads and occasiocnally in private developments.
There may exist a small market for bridges less that 20' in length.
The addition of this information would provide more of a complete

picture of the timber bridge potential in an area.

SUMMARY

This research has investigated several factors that will
affect the future adoption of timber bridges in the United States.
It applied the latest marketing techniques to bridge design
decision-makers in twenty-eight states. Direct comparisons were
made of various bridge materials (prestressed concrete, steel,
timber, and reinforced concrete)} to identify timber's position in
the bridge marketplace. Utilizing the Analytic Hierarchy Process,
modern decision-making theory led to the development of models that
simulate how important factors influence the choice of a bridge
material. The results of this examination indicate that timber is
the poorest perceived bridge material and in most cases will be the
last material chosen in the bridge decision. Finally, the first
comprehensive examination of the timber bridge industry was
undertaken to determine current marketing and management

characteristics.
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The realistic size of the market identified by design
engineers would probably not exceed 700 bridges annually or 12
million board feet. This would represent nearly 12 percent of the
bridges annually. The greatest potential is in the Midwest and
South, where over 50% of short span bridges are located. The South
or Eastern United States has the greatest potential for timber
bridge manufacturing expansion, with a solid resource base, strong
demand, and, currently, less competition. However, these regions
had the lowest perception of timber, so strong marketing efforts
would be needed for success.

In conclusion, this research indicates that timber bridges
will remain a niche market until long-term performance increases and
maintenance requirements decrease. Firms that utilize a niche
strategy promoting timbers' attributes based upon the area it is
being marketed will be most successful. Competitive advantages of
timber include ease and speed of construction, resistance to deicing
chemicals, and ease of repair. Although local officials rate timber
higher than other officials, efforts must continue on establishing
standard plans with state DOTs. This decision group is responsible
for allocating Federal highway bridge funds and perceives timber to

be the poorest performing material of the groups studied.
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Table 1. Factors Effecting Timber Bridge Adoption
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Conditions

1. Bridge ownership (State, county, etc.)

2. Bridge Costs

3. Maintenance policies, funding procedures

4. Legal and environmental conditions

Decision Makers

1. Perceptions of timber

2. Decision making structure

3. Choice of bridge material

4. Who makes the rural bridge material choice

Demand

1. Number of deficient bridges

2. Replacement strategies

3. Timber bridge market share

Familiarity

1. Number of demonstration bridges

2. Number of timber bridges in state

3. Current promotional activities

4. Previous experiences with timber bridges

Resources

1. Forest resource base

2. Manufacturing and treating facilities

3. Availability of bridge information and design

4. Engineering expertise (within government and
private)

5. Climatic conditions
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Decision-Makers Across the U.S.
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Timber bridges can be constructed very quickly, 2 to 3 weeks.
Timber bridges can be built all year in northern climates.
Timber bridges can be built with semi-skilled labor.

Timber bridges can quickly replace existing superstructure,
while reducing dead load on bridge.

Timber bridges can be used where soil problems exist.
Timber bridges can be built easily by small contractors.
Timber bridges may allow shorter spans do to verticle
abutments.

Timber bridges are easy to repair all times of the year.
Timber bridges are not effected by deicing chemicals.
Timber bridges have been used most for short spans <40'.
Timber bridges have aesthetic qualities that make them more
“natural”

Timber bridges have lasted over 50 years when properly
designed, treated, and constructed.

Table 3. Barriers to Timber Bridge Adoption as Reported by Decision-

Makers Across the U.S.

15,
16.

17.
18.

19.

20.
21.

22.
23.
24.

25.
25.

Timber is perceived to have a shorter lifespan than other
materials.

Timber is not as strong as other bridge materials.

Timber requires more maintenance than other bridge materials.
Timber is not a homogenous product and is difficult to test
for compliance to standards.

Timber will wear out "physically" before other bridge
materials.

Timber is more vulnerable to vandalism and fire damage.

There is a shortage of quality timber for bridge construction.
Timber is more difficult to inspect for internal decay.
Timber decay occurs often in piling, abutments and between
deck and caps.

Timber does not perform well in humid or wet climates.
Deflection on timber decks causes wearing surface problems.
There is no way to judge the long-term performance of modern
bridges.

Timber bridges do not perform well on higher volume roads >350
ADT.

Timber bridges do nor perform well under high weight traffic-
trucks.

Timber bridges have high initial cost

Deep timber members can restrict hydraulic opening under
bridge.

Environmental concerns about wood preservatives/timber supply.
Multiple peers with timber restrict water ways and collect
debris.

There is a shortage of manufacturers to receive competitive
bids.

Ice will damage abutments and piers during spring breakup.
TBIP has lead to high costs, complex designs and unfamiliar

species.

As number of concrete plants increase in state, timber is less
competitive.

Prefabrication not always correct and causes problems at job
sight.

Delivery of material has not been very good with new designs.
There is a resistance of many DOTs to fund timber bridges.
Timber bridges may not fit structurally intc all areas.
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Table 4. Factors Affecting Timber Bridge Adoption in Selected States
Bridge Factors Mississippi Virginia Washington Wisconsin
Conditions
Rural bridge ownership County State DOT County County
Average total bridge cost of $30-$35/ $55-$65/ $60-$70/ $45-$55/
major bridge material sq.ft. sq.ft. sq.ft. sqg.ft.
Rural bridge maintenance County State DOT County County
responsibility
Does state have policies on No Creosote not No No
treated wood? allowed
Number of certified prestrassed 2 & 4 5
concrete plants
Decision Makers
Type of decision-maker in state County/ State DOT/ County/ State DOT/
State DOT Consultant Consultant/ County/
State DOT Consultant
Over-all perceptional rating of 3.37 3.31 3.91 4.30
timber as bridge material
Engineers over-all choice of Prestressed Reinforced Prestressed Reinforced
bridge material (AHP) Concrete Concrete Concrete Concrete
Bad experiences with timber as Decay/ Decay/ Short life Heavy
bridge material Short life Maintenance loads/
Design
Engineers expected life of timber 25-30 years 30-40 years 30~-40 years 40-50
in bridges years
Demand
Number of deficient bridges 8000 4000 1800 5000
Average number of bridges/year 225 120 55 215
Number of timber bridges built 258 2 13 68
from 1985-1992
Timber bridges as a percentage of 17% 0.2% 3.4% 4.8%
all bridges built since 1985
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Factors Affecting Timber Bridge Adoption in Selected States

Bridge Factors Missisgippi Virginia Washington Wisconsin
Familiarity
Timber Bridge Initiative projects B 3 [ 4
from 1989-1993
Total timber bridges in state as 4026 67 876 536
of 1992
Timber bridges as a percentage of 20% 0.5% 12.7% 4.1%
all bridges
Is there an active marketing No None till TBIP Little Active
effort by timber bridge since 1953
promoters?
Are contractors familiar with Yes Moderately Yes Yes
timber bridges?
Are design engineers familiar No Moderately Yes Yes
with timber bridges?
Resources
Timber resocurce Southern Pine/ Appalachian Douglas Fir/ Northern
Southern Hardwoods/ Hemlock/ Hardwoods/
Hardwoods Southern pine Red Alder Red Pine
Does state have standard timber No Planks on Detours only Yes
bridge plans? Steel
Climatic conditions Bot/Humid/ Moderate/ Coastal/ Arid Moderate/
Coastal Coastal bad
winters
Number of "timber bridge" plants 0 0 4 1
in state
Number of wood treating plants 10 (0) 28 (1) 15 (1) 14 {1}

and (Glu-lam plants)
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Table 5. Estimation of Timber Bridge Market Size based on Federal Highway Administration Inventory (FHWA 1993)

State/ Total Average Bridges Bridges Bridges Bridges Potential
Region Bridges Bridge <350 ADT <350 ADT 350-1000 ADT 350-1000 ADT Timber
in Replacement 20'-45" 46'-80" 20'-45" 46'-80" Market
Region per year (deficient) (deficient) (deficient) (deficient) (deficient)
Mississippi 16,609 225 3416 3162 684 535 7797
(2041) (1621) (137) (178) (3977)
South 140,128 1415 26,504 13,567 7139 3788 50,998
(12,439) (6603) (1244) (1021) (21,307)
Virginia 12,652 120 2786 695 941 242 4664
(855) (287) (257) (74) (1473)
Mid-atlantic 67,063 650 15,186 5638 5511 2259 28,594
(5267) (2306) (1840) (847) (10,260}
wWashington 6674 55 1079 593 320 186 2178
(201) (109) (52) (31) (393)
Northwest 46,189 355 6164 3339 2027 1339 12,869
{1454) (884) (383) (265) (2986)
Wisconsin 12,963 215 3815 1348 864 375 6402
(1310) (346) (232) (100) (1988)
Midwest 131,573 1560 37,340 17,319 7291 3434 65,384
(12,860} (5109) (1872) (761) (20,602)
Northeast 50,358 360 8063 3400 3620 1712 13,735
(4230) (1887) (1578) (838) (8533)
States not in 141,454 1350 43,215 16,149 9261 3173 71,798
study (17,150) (7152) {(1615) (894) (26,811)
Totals: 576,765 5690 136,472 59,412 34,849 15,704 246,438
(53,400) (23,941) (8532) (4626) (90,499)
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APPENDIX A

BRIDGE MATERIAL QUESTIONNAIRE, ACCOMPANYING
POSTCARD, AND SUMMARY OF RESULTS

207



Appendix A

Bridge Material Study

Virginia Polytechnic Institute and State University
Blacksburg, Virginia 24061-0503

1 mla Questions? Call: Bob Smith
U lrg Phone: 703/231-5876
Tedl Fax: 703/231-8868

Bridge Material Questionnaire: Cover
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This questionnaire asks about factors you consider when deciding on bridge construction
materials. If you are NOT involved in bridge replacement or design decisions, please give this
questionnaire to the appropriate person. All responses will be treated with strict confidentiality,
Thank you! -

The following questions ask for your impression of materials for rural bighway bridges. Rural
bridges are defined by the Federal Higbway Administration as tbose serving population centers of
less than 5000 people. This study is interested in material selection for the superstructure of the
bridge, including beams, stringers, decks, and railings.

1. Which of the following materials bave you used in bridge design or replacement during the
past 5 years? (Please check all appropriate boxes)

Prestressed concrete

Steel

Timber

Reinforced concrete

I have not been involved in bridge design or replacement during the past 3 years.

Other: (please specify)

OoO0goonOo

2, Please rate the following materials based on gversll performance in rural highway bridge
construction. (Please rate each material by circling the number that best describes its overall
performance.}

Below Average Average Above Avernge

Performance Performance Performance
Prestressed concrete: 1 2 3 4 5 é 7
Steel: i 2 3 4 5 [ 7
Timber: 1 2 3 4 5 6 7
Reinforced concrete: 1 2 3 4 5 6 7

Bridge Material Questionnaire: Page 1
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3. How important are the following factors in the choice of & bridge material? (Please assume that
the bridge site allows for equal choice of matenals. In other words, prestressed concrete, steel, timber,
and reinforced concrete bridges all can be designed to the site.)

Below Average Average Above Average
Importance Importance Importance

Designer's familiarity with material 1 2 k| 4 5 6 7

Aecsthetics i 2 3 4 5 6 7

Length (time) of traffic interruption i 2 3 4 H 6 7

Impact on local sconomy 1 2 3 4 5 6 7

Mai requir 1 2 3 4 5 6 7

Industry promotional ¢fforts 1 2 3 4 5 [3 7

Regular inspection requirements 1 2 3 4 5 6 7

Envir tal iderations 1 2 3 4 5 6 7

Initial cost 1 2 3 4 5 [ 7

Bridge ownership (state, county, town) 1 2 3 4 5 6 7

Resistance to de-icing chemicals 1 2 3 4 5 [3 ki

Expected life of material 1 2 3 4 5 6 7

Bridge loading variations 1 2 3 4 5 6 7

Contractor's familiarity with material 1 2 3 4 H [ 7

Availability of design information 1 2 3 4 5 6 7

Resistance to natural deterioration 1 2 K 4 5 [ 7

Past performance of the material in bridges 1 2 3 4 5 6 7

Daily traffic count 1 2 3 4 s 6 7

Ease of repair 1 2 3 4 5 6 7

Material preference of local officials 1 2 3 4 5 6 7

Life-cycle cost of material ! 2 3 4 5 6 7

Standards specified by AASHTO 1 2 3 4 5 6 7

Governmental rescarch efforts i 2 3 4 5 6 7

Bridge Material Questionnaire: Page 2
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4, Please list three major sources of information about bridge materials you use when
desiguing & bridge.

S. How many bridges has your _office or highway district designed or built over the
fast S vears on vural roads? (Please indicate ihe number of bridges built using each type of
material)

Prestressed concrete:

Steel: -
Timber: —
Reinforced concrete: ——
Other: —_—
6. How important are the following in affecting your choice of a bridge material?
Below Average Average Above Average
Importance Importance Importance
Advertisements in magazines 1 2 k} 4 5 6 ?
Trade shows/conventions H 2 3 4 5 6 7
Personal calls by salespeople 1 2 3 4 5 6 7
Unsolicited sales literature 1 2 3 4 5 6 7
Seminars sponsored by suppliers 1 2 3 4 5 6 7
Journal articles about matenals 1 2 3 4 5 6 7
Government sponsored research 1 2 3 4 5 6 7
Other highway professionals (Peers) 1 2 3 4 5 6 7

Bridge Material Questionnaire: Page 3
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7. Please indicate the degree to which cach material possesses the following attributes.
The material possesses the stated attribute ...
Material Attribute Not at To a
all high degree
Low maintenance
Prestressed concrete: 1 2 3 4 5 6 7
Steel: 1 2 3 4 5 6 7
Timber: 1 2 3 4 5 6 7
Reinforced concrete: 1 2 3 4 5 6 7
Pleasing aesthetics
Prestressed concrete: 1 2 3 4 5 6 7
Steel: 1 2 3 4 5 6 7
Timber: 1 2 3 4 5 6 7
Reinforced concrete: 1 2 3 4 5 6 7
Environmentally safe
Prestressed concrete: 1 2 3 4 5 [ 7
Steel: 1 2 3 4 5 6 7
Timber: 1 2 3 4 5 6 7
Reinforced concrete: 1 2 3 4 5 6 7
Low cost
Prestressed concrete: 1 2 3 4 5 6 7
Steel: 1 2 3 4 5 6 7
Timber: 1 2 3 4 5 6 7
Reinforced concrete: 1 2 3 4 5 6 7
Easy to design
Prestressed concrete: 1 2 k) 4 5 6 7
Steel: 1 2 3 4 5 6 7
Timber: 1 2 3 4 5 6 7
Reinforced concrete: ] 2 3 4 5 6 7
Easy to construct
Prestressed concrete: 1 2 3 4 5 6 7
Steel: 1 2 3 4 5 6 7
Timber: 1 2 3 4 5 6 7
Reinforced concrete: 1 2 3 4 5 6 7
Long life
Prestressed concrete: 1 2 3 4 5 6 7
Steel: 1 2 3 4 5 6 7
Timber: 1 2 3 4 h] 6 7
Reinforced concrete: 1 2 3 4 5 6 7
High strength
Prestressed concrete: 1 2 3 4 5 6 7
Steel: 1 2 3 4 5 6 7
Timber: i 2 3 4 5 6 7
Reinforced concrete: 1 2 3 4 5 6 7

Bridge Material Questionnaire: Page 4
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The following questions ask about your expericoces and opinions concerning the use of
timber (wood) as a bridge material.

8. During your professional training, did you have a formal course which discussed designing
with timber?

D Yes => Was this course mandatory? D Yes

D No D No

9. Are you aware of the changes in timber bridge design since 19887

E] Yes => Has your impression of timber as a bridge material improved? D Yes

D No D No

If you answered yes to question 9, which of the following types of timber bridge designs have
you learned about 7 (Please check all sppropriate boxes)

D Douglas-fir sawn lumber D Prestressed “Glulam® sections
D Southern yellow pine sawn lumber D Prestressed "T" sections

D Prestressed softwood sawn lumber D Prestressed "Box Beam” sections
D Prestressed hardwood sawn lumber D Other: (Please specify)

10. Does your state have standard bridge plans?

0 Yes = Do they include plans for timber bridges? O ves

O wn O n

[:] Uncertain D Uncertain
11, Have you attended a conference on timber bridge design since 19882

D Yes = How many have you attended?

D No

Bridge Material Questionnaire: Page 5
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12. Does your state bave guidelines for the use of timber in bridge construction?
(Such as low average daily traffic count, rural areas, etc.)

D Yes => please specify:

D No

D Uncertain

13. Do you plan on using timber in bridge design during the next three years?

14. In your opinion, what roads or areas are the best locations for timber bridges?

D Yes = Was it the result of recent changes in timber bridge design? D Yes

0O N O wo

15, What is your biggest concera in the use of timber as bridge materisl in your state?

Bridge Material Questionnaire: Page 6
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The following questions refer to you as a professional. The results will be used only to
group similar respondents. All responses are strictly confideatial.

16. Which category best describes your position? (Please check one box)

D State department of transportation employee [:] Consulting engineer
D County engineer D Local highway official

D Other: (please specify)

17, Which category best describes your duties? (Please check one box)

D Design engineer D Maintenance of rural roads / bridges
D Review / Revision of design work D Other: (Please specify)

18, What is your highest level of professional education?

O B O ms.

D Ph. D. D Other: (Please specify)
19. Please list the professional engineering or highway related organizations to which you
belong.
1.
2.

20, On average, how many professional meetings or conferences do you attend during a year?

mestings / year = How many of these discuss new bridge design or bridge materials?

21, Please mark the box that most closely reflects your age.

D under 29 years EI 30 to 39 years D 40 to 49 years
O 50059 years J 60 years and older

Bridge Material Questionnaire: Page 7
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22, What areas of materiai research do you feel need to be addressed for improving bridge
performance in the U. 8.7

Comments:
Is there anything about bridge material research or selection that you feel is important that may
have been left out? Please use the space below for additional comments.

Again, Thank you for your assistance. Please fold, tape (with the address on the back page showing), and retum
by mail. The postage is prepaid.

Bridge Material Questionnaire: Page 8
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irginia
V g Thomas M, Brooks Center
QP VIRGINIA FOLYTECHNIC INSTITUTE m— 1630 Rambie Rd., Blacksbusg, Virginia 24061-0503
AND STATE UNIVERSITY Phone: (703) 231-5876  Fax: {703) 231-8868

Mr. W.C. Field, PE

County Engineer

Portage County Highway Department
Box 1973

Alston, MN 55417

Decar Mr. Field:

There are over 220,000 deficient or obsolete bridges in the United States and many new bridges will be
needed in the near future to maintain our highway system. As you know, rural highway bridges can often
be built of several materials - steel, concrete, or timber (wood). However, little is known about the bridge
material preferences and information needs of people like yourself who are involved in the design and
replacement of bridges.

At Virginia Tech we are attempting to leam more about your needs and concems regarding bridge
materials. The results of our smdy will help in providing you with the best, most useful information
possible regarding bridge materials. Your name was chosen at random from a list of people involved in
the design or replacement of bridges. We are asking for you to help by completing and retumning the
enclosed questionnaire.

Your response will be held in strict confidence. The questionnaire is numbered to aliow me to remove
your name from the mailing list when I receive your response. However, your name or organization will
never be used in the study results.

Other people in your office may also receive a questionnaire. As we are interested in each persons’
opinions (rather than your organization’s policies), we would ask that each person respond separately.
Retum postage is prepaid.

Thank you very much for your help. If you have any questions or comments please contact me at
703/231-5876 or 703/231-8868 (Fax).

Sincercly,

A
/—7 U '\Z;,S"rfl z(%z“

Bob Smith
Graduate Student

Cover Letter Sent with Questionnaire
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Dear Highway Official / Bridge Engineer:

Recently a questionnaire concerning material use in bridges was sent to you
from Virginia Tech University. If you have already returned the
questionnaire I want to thank you for your help. If not, I would like to again
stress the importance of your participation and urge you to take a few minutes
to complete and return the questionnaire. Postage is prepaid.

If you have any questions, or if you did not receive a questionnaire, please
contact me at 703/231-5876 (Fax: 703/231-8868). Thank you for your help!

Sincerely,

Bt Som it

Bob Smith
Project Assistant

Reminder Postcard Sent After Both Mailings
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Question Numbex DECISION LEVEL
1. Have Used Material Over-all Local State Private TBIPs
Prestressed Concrete 84% 68% 95% 87% 66%
Steel 68% 40% B5% 73% 49%
Timber 46% 52% 37% 42% 83%
Reinforced Concrete 79% 70% B88% 80% 61%
Not Involved 3% 4% 1% 5% 2%
Other materials 6% 6% 5% 9% 3%
2. Over-all Mean Rating
Performance Rating
Prestressed Concrete 5.79 5.78 5.80 5.84 5.51
Steel 4.87 4.83 4.91 4.92 4.51
Timber 3.70 3.99 3.28 3,73 4.41
Reinforced Concrete 5.41 5.52 5.44 5.35 5.10
4. Three sources of Most Common Responses
bridge information

1. State Specifications

2. AASHTO

3. Material specifications from manufacturers
5. Responses were not meaningful from this question.
6. Bridge Information Over-all Local State Private TBIPs

factors ratings

Advertisements 2.18 2.33 1.92 2.38 2.27
Trade shows/conventions 2.44 2.60 2.21 2.589 2.53
Personal sales calls 2.48 2.59 2.26 2.70 2.82
Unsolicited sales 2.45 2.54 2.26 2.61 2.76
literature
Seminars 3.47 3.38 3.36 3.70 3.47
Journal articles 4.29 4.14 4.17 4.58 4.32
Government Research 4.72 4.61 4.89 4.61 4.62
Other highway officials 5.41 5.86 5.34 5.36 5.50
{Peers)

ating Scale: | (below average) to / (above average), 4 = average
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Question number Dacision Level (Mean Rating)
3. Factors important in

bridge decision Over-all Local State Private TBIPs
Lifespan (1) 5.95 6.17 5.89 5.82 5.98
Past Performance (2} 5.92 5.93 5.98 5.83 5.93
Maintenance (3) 5.84 5.98 5.85 5.67 5.98
Natural ) 5.82 5.92 5.72 5.82 6,03
Deterioration (4)
Initial Cost (5) 5.54 5.60 5.48 5.49 5.75
Life-cycle Cost (6) 5.51 5.62 5.45 5.51 5.48
Ease of repair (7) 5.25 5.41 5.19 5.16 4,43
AASHTO (8) 5.24 5.15 5.14 5.42 5.42
Time of Traffic ({9) 5.08 4.98 5.26 5.01 4.4%
Designer's 4.86 4.91 4.70 4.92 5,31
Familiarity (10)
Design Information {11) 4,85 4.92 4.69 4.92 5.16
De-icing Chemicals (12} 4.84 4.38 5.03 5.05 4.50
Environmental 4.66 4.74 4.68 4.53 4.75
Concerns {13}
Inspection 4.65 4.68 4.66 4.62 4.61
Requirements (14)
Loading Variations (15) 4.56 5.05 4.34 4.38 4.82
Contractors 4.41 4.61 4.16 4.47 4.77
Familiarity (16)
Daily Traffic (16) 4.41 4.58 4.41 4.24 4.48
Aesthetics (18) 4.34 4.20 4.27 4,51 4.48
Local Officials (19) 4.23 4.16 3.71 5.01 4.32
Local Economy (20) 4.11 4.59 3.80 4.07 4.43
Bridge Ownership (21) 3.98 4.07 3.72 4.24 4.10
Gov. Research (22) 3.82 3.76 3.85 3.74 4,13
Promotional 2.81 2.88 2.76 2.76 3.07
Efforts (23)

F

ating Scale: 1 (below average) to / {above averagej, 4 = average
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Summary of Bridge Material Study

Question number Decision Level
7. Pridge Material Attributes Over-sll Local Stats Private TBIPs
Low Maintenance Mean Rating
Prestrassed Concrete 5.87 5.84 5.97 5.85 5.53
Steel 4.19 4.42 4.21 4.05 3.87
Timber 3.31 3.89 3.55 3.65 4.18
Reinforced Concrete 5.46 5.64 5.51 5.29 5.24

Pleasing Resthetics

Prestressed Concrete 5.10 5.14 5.14 5.12 4.38
Steel 4.87 4.55 5.04 5.00 §.41
Timber 4.92 5.16 4.68 4.91 5.35
Reinforced Concrete 5.08 5.04 5.04 5.19 4.64

Environmentally Safe

Prastressad Concrate 5.%1 5.72 5.87 5.60 5.35
Steel 4.63 4.81 4.47 4.42 4.60
Timber 4.65 4.73 4.56 4.72 4.68
Reinforced Concrete 5,52 5.54 5.62 5.46 5.19
Low Cost
Prestresaed Concrete 5.18 4.72 5.44 5.26 4.86
Steel 4.26 4.41 4.15 4.33 4.12
Timber 4.41 4.88 3.94 4.62 4.53
Reinforced Concrete 4.89 4.69 5.11 4.75 4.74

Easy to Design

Prestreased Concrete 5.19 5.06 5.44 5.06 4.70
Stesl 4.8% 4.31 4.87 5.05 4.35
Timber 4.64 4.87 4.34 4.8] 4.49
Reinforced Concrete 5.20 4.54 5.45 5.15 4.89

Eapy to Construct

Prestressed Concrete 5.54 5.37 5.72 5.52 5.12
Steel 4.89 4.80 4.88 5.10 4.44
Timber 5.01 5.29 4.81 4.98 5.20
Reinforced Concrete 4.70 4.61 4.81 4.58 4.42
Long Life
Prestressed Concrete 5.86 5.95 5.99 5.70 5.48
Steel 5,02 4.92 5.14 5.03 $.66
Timber 3.80 4.04 3.55 3.78 4.40
Reinforced Concrete 5.58 5.78 5.65 5.44 5.18

High Strangth

Prestressed Concrete 5.91 5.96 5.9% 5.87 5.66
Steel 5.88 5.66 5.98 5.92 5.73
Timber .72 4.1% 3.47 3.51 4.25
Reinforced Concrete 5.34 5.71 5.31 5.13 5.17

ating Scale:r 1 (below average) to / (above average), 4 = average
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Question number Decision Level
Over-all Local State Private TBIP
8. Have timber design
course?
Yes 41% 31% 43% 46% 47%
No 59% 69% 57% 54% 53%
Was it mandatory?
Yes 34% 38% 29% 36% 43%
No 66% 62% 71% 64% 57%
9. Aware of new designs
with timber?
Yes 54% 52% 47% 58% 8l%
No 46% 48% 53% 42% 19%
Has it improved your
impression of timber?
Yes 50% 62% 37% 50% 68%
No 50% 38% 63% 50% 32%
10. Does state have
standard plans?
Yes 69% 62% 74% 72% 62%
No 20% 13% 24% 22% 17%
Uncertain 11% 25% 2% 6% 21%
Do they include timber?
Yes 29% 28% 36% 24% 18%
No 50% 30% 54% 55% 63%
Uncertain 21% 42% 108 21% 19%
11. Have attended
timber bridge conf?
Yes 24% 23% 21% 23% 49%
No 76% 77% 79% 77% 51%
12. Timber guidelines
in state
Yes 21% 27% 28% 18% 25%
No 43% 13% 50% 48% 38%
Uncertain 36% 60% 22% 34% 7%
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Question number Decision Level
Over-all Local State Private TBIP
13. Plan on using
timber next 3 years
Yes 37% 45% 26% 37% 74%
No 63% 55% 74% 63% 26%
Was it do to TBIP?
Yes 23% 18% 23% 21% 36%
No 77% 82% 77% 79% 64%
14. Best location for Most Common Responses
timber bridges
1. Low volume roads
2. Short span bridges
3. Natural or aesthetic areas
15. Biggest concerns Most Common Responses
using timber in
bridges
1. Lifepan of timber
2. Maintenance requirements of timber bridges
3. Cost of timber bridges
16. Position
State DOT 40% 98% 5%
County Engineer 17% 59% 1% 31%
Private Consultant 29% 3% 96% 30%
Local official 4% 15% 8%
Other 9% 23% 2% 3% 26%
17. Job duties
Design engineer 44% 15% 52% 63% 23%
Review of plans 17% 12% 14% 27% 18%
Maintenance of roads 17% 12% 14% 27% 18%
Other 22% 26% 24% 10% 35%
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Summary of Timber Bridge Study

Decision Level

Question number Over-all Local State Private TBIP

18. Education level

B.S. 67% 58% 77% 60% 66%
M.S. 23% 10% 20% 38% 24%
Ph.D. 1% 1% 1%
Other 9% 32% 2% 2% 9%
20. Number of meetings 4.5 4.8 4.3 4.8 3.6

per year

Number of meetings 2.0 1.1 3.1 1.3 1.3
with bridge design

21. Age of respondent

<30 2% 1% 3% 2% 2%

30<40 27% 22% 29% 30% 21%

40<50 32% 34% 34% 28% 32%

50<60 29% 36% 27% 25% 37%

>60 9% 7% 7% 13% 8%
22. what material Most Common Responses

research needed?

1. Better concrete deck durability

2. Better types of steel protection

3. Better methods of joints in bridges

4. New and improved materials for bridges
Surveys mailed 1330 406 401 419 104
Returned 848 192 322 263 71
Bad address/no design 97 10 20 57 10
Adjusted mailed 1233 396 381 362 94
Number of respondents 751 182 302 206 61
Response rate 61% 46% 79% 57% 64%
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AHP Decision Model of Paired Comperisons for Bridge Material Choice ia Consideration of the Stated Attribute
Please circle the most important attribute and check its' importance in comparison with the opposite attribute
Equally Moderately Stroagly Very Strongly Extremely
Important more more more more
Impo: Imp Important Important
Material Attribute Material Attribute
Past Performance Lifespan
Past Performance Maintenance
Regquirements
Past Performance Resistance to Natura!
Deterioration
Past Performance Initial Cost
Past Pecformance Lifecycle Cost
Lifespan Maintsnance
Requirements
Lifespan Resistance 10 Natural
Deterioration
Lifespan Tnitial Cost
Lifespan Lifecycle Cost
Maintenance Resistance 1o Natural
Requirements Deterioration
Mainienance Initisl Cost
Requirements
Maintenance Lifecycle Cost
Requirements
Resistance to Natural Initial Cost
Deterioration
Resistance to Natural Lifecycle Cost
Deterioration
Initial Cost Lifecycle Cost

AHP Paired Comparison Questionnaire: Page 1
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AHP Dexision Model of Paired Comparisons for Bridge Material Choice im Comsid of the Stated Attribute
Please circle the most important material under the stated attribute and check its’ profe in parison with the apposi ial
Equally Moderately Strongly Very Strongly Extremely
Preferred more more more mors
Preferved Preferred Preferred Preferred
Attribute
Past Performance
Material Material
Prestressed Concrete Steel
Prestressed Concrete Timber

Prestressed Concrete

Reinforced Concrete

Steel Timber
Steel Reinforced Concrets
Timber Reinforced Concrele
Attribute
Life span
Material Material
Prestressed Concrete Steet
Prestressed Concrete Timber

Prestressed Concrete

Reinforced Concrete

Steel Timber
Steel Reinforced Concrete
‘Timber Reinforced Concrete

AHP Paired Comparison Questionnaire: Page 2
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AHP Decision Model of Paired C for Bridge Material Choice ia Consideration of the Stated Attribute
Please circle the most important material under the stated atiribute and check its” profs in comparison with the opposi ial
Equally Moderately Strongly Very Strongly Extremely
Preferred more more more more
Preferred Preferred Preferred Preferred
Attribute
Maintenance
Requirements
Material Material
Prestressed Concrete Steel
Timber

Prestressed Concrete

Prestressed Concrete

Reinforced Conerete

Stee] Timber

Steal Reinforced Concrete

Timber Reinforced Concrete

Attribute
Resistance o Natural
Deterioration
Materig] Material
Prestressed Concrete Steel

Timber

Prestressed Concrete

Presiressed Conerete

Reinforced Concrete

Steel Timber
Steel Reinforced Concrete
Timber Reinforced Concrete

AHP Paired Comparison Questionnaire: Page 3
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AHP Decision Model of Paired Comparisons for Bridge Material Choice in Coasid of the Stated Attribute

fe wiih the i ial

p PP

Please circle the most important material under the stated attribule and check its' p

Equally Moderately Strongly Very Strongly Extremely
Preferred more more wore more
Preferred Preferred Preferred Preferred
Enitial Comt
Material Material
Presreascd Concrete Stee!
Prestressed Consrete Timber

Prestressed Concrete

Reinforced Concrets

Steel Timber
Steel Reinforced Concrete
Timber Reinforced Concrete
Attribute
Lifecycle Cost
Material Materi)
Prestressed Concrele Steel
Prestressed Concrete Timber

Prestressed Concrete

Reinforced Concrete

Steel Timber
Steel Reinforced Conercte
Timber

Reinforced Concrete

AHP Paired Comparison Questionnaire: Page 4
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Best Material for Rural Bridge in Mississippi

G 0.079 G 0.052
-LIFESPAN |—~LIFESPAN
L 0.194 L 0.186
G 0.124 G 0.067
-MAINTENC |-MAINTENC
L 0.218 L 0.167
¢ 0.139 G 0.060
—RESISTAC |~RESISTAC
L 0.160 L 0.190
G 0.103 G 0.068
—-INITAILC —INITAILC
L 0.170 L 0.191
G 0.109 G 0.069
|-LIFECYCL [~LIFECYCL
L 0.135 L 0.122
G 0.086 G 0.044

INITAILC --- Initial cost of bridge material
LIFECYCL --= Lifecycle cost of bridge material
LIFESPAN ~~- Lifespan of bridge material

MAINTENC -~- Maintenance of bridge material
MISCONTY --- Mississippi County Engineers

MISDOT  =~- Misaissippi boT

PASTPERF -~~~ Past performance of material in bridge
RESISTAC --~- Resistance to natural deterioration

L —=- LOCAL PRIORITY: PRIORITY RELATIVE TO PARENT
G === GLOBAL PRIORITY: PRIORITY RELATIVE TO GOAL

Best Material for Rural Bridge in Mississippi
Synthesis of Leaf Nodes with respect to GOAL
DISTRIBUTIVE MODE

OVERALL INCONSISTENCY INDEX = 0.05

PRESTRES 0. 470 N S
REINFORC 0,325 i ey
STEEL 0. 147 VR

TIMBER (0.058 INGEE

AHP Decision Model: Mississippi
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Best material for a rural bridge in virginia

- LIFESPAN [ LIFESPAN
L 0.153 | L o.118
G 0.145 | G 0.006
- MAINTENC | MAINTENC
L 0.266 | L 0.262
G 0.252 | G 0.014
- RESISTAC (4 RESISTAC
L 0.157 | L 0.112
G 0.148 { G 0.006
H INITIALC | INITIALC
L 0.093 | L 0.082
G 0.088 | G 0.004
[ LIPECYCL [ LIFECYCL
L 0.160 | L 0.190
G 0.152 | G 0.010

INITIALC --- Initial cost of material

LIFECYCL ~-- lifecycle cost of material

LIFESPAN --- Lifespan of bridge material
MAINTENC =--~ Maintenance of bridge material
PASTPERF -~ Past performance of material type
RESISTAC --~ Resistance to natural deterioration
VIR.CONS -~- Virginia Private Consultants
VIR.DOT ~-- Virginia DOT Enginesrs

L === LOCAL PRIORITY: PRIORITY RELATIVE TO PARENT
G === GLOBARL PRIORITY: PRIORITY RELATIVE TO GOAL

Best material for a rural bridge in Virginia
Synthesis of Leaf Nodes with respect to  GOAL
DISTRIBUTIVE MODE

OVERALL INCONSISTENCY INDEX = 0,01
REINFORC . 368 o
PRESTRES O, 332 1
STEEL Q. 207
TIMBER  0.092 WEE———

AHP Decision Model: Virginia
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INITIAL

LIFECYCL
LIFESPAN
MAINTENC
PASTPERF
RESISTAC
WASHDOT

WCONSULT
WCOUNTIE

L
G

-

-

Synthesis of Leaf Nodes with respect to  GOAL

PRESTRES 0. 486 i S
REINFORC O, 322 N e S
STEEL 0.118 VRN

TIMBER 0.075 VT

Initial cost of material

Lifecycle cost of material

Lifespan of bridge material

Maintenance of bridge material

Past performance ofmaterial type

Registance to natural deterioration
Waghington DOT Engineers

Washington Private Consulting Engineers
Washington County Engineers/Highway Officials

LOCAL PRIORITY: PRIORITY RELATIVE TO PARENT
GLOBAL PRIORITY: PRIORITY RELATIVE TO GOAL

Best material for a rural bridgein Washington

Best material for a rural bridgein Washington

}-PASTPERF }—-PASTPERF }|—PASTPERF
L 0.184 L 0.134 L 0.093
G 0.018 G 0.030 G 0.063
F—LIFESPAN -LIFESPAN |[—LIFESPAN
L 0.149 L 0.119 L 0.164
G 0.015 G 0.027 G 0.111
-MAINTENC |—MAINTENC |-MAINTENC
L 0,166 | L 0.231 | L 0.208
G 0.017 G 0.052 G 0.140
—RESISTAC |RESISTAC |~RESISTAC
L 0.144 L 0.212 I, 0.164
G 0.015 G 0.048 G 0.111
-INITIAL (—INITIAL |—INITIAL
L 0.162 L 0.126 L 0.143
6 0.016 | G 0,029 | ¢ 0.097
-LIFECYCL —LIFECYCL [-LIFECYCL
L 0.194 L 0.178 | L 0,228
G 0.019 G 0.040 G 0.154

DISTRIBUTIVE MODE

OVERALL INCONSISTENCY INDEX = 0.05

AHP Decision Model: Washington

233



Appendix B

INITAILC
LIFECYCL
LIFESPAN
MAINTENC
PASTPERF
RESISTAC
WISCNTY
WISDOT
WISPRIV

L
G

Best Material for Rural Bridge in Wisconsin

Synthesis of Leaf Nodes with respect to  GOAL

REINFORC 0. 377 N ——
PRESTRES 0, 364
TIMBER 0. 14 ¢ TN

STEEL 0.112 FEE—

Initial cost of bridge material
Lifecycle cost of bridge material
Lifespan of bridge material
Maintenance of bridge material

Past performance of material in bridge
Resistance to natural detericration
Wisconsin County Engineers

Wisconsin Dot

Wisconsin Private Consultants

LOCAL PRIORITY: PRIORITY RELATIVE TO FARENT
GLOBAL PRIORITY: PRIORITY RELATIVE TO GOAL

Best Material for Rural Bridge in Wisconsin

—PASTPERF |-~PASTPERF }PASTPERF
L 0.179 L 0.198 L 0.140
G 0.089 G 0.050 G 0.035
+—LIFESPAN |—-LIFESPAN |-LIFESPAN
L 0.177 L 0.171 L 0.166
G 0.089 G 0.043 G 0.042
[—~MAINTENC [—MAINTENC |-MAINTENC
L 0.165 L 0.147%7 L o.222
G 0.083 G 0.037 G 0.055
+~RESISTAC |—RESISTAC |—RESISTAC
L 0.183 L 0.141 L 0.114
G 0.091 G 0.035 G 0.028
—IRITAILC [—INITAILC —INITAILC
L 0.102 L 0.223 L 0.195
G 0.051 G 0.056 G 0.049
—LIFECYCL F—LIFECYCL —LIFECYCL
L 0.194 L 0.119 L 0.163
G 0.097 G 0.030 G 0.041

DISTRIBUTIVE MODE

OVERALL INCONSISTENCY INDEX = 0.02

AHP Decision Model: Wisconsin
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| PASTPERF | PASTPERF | PASTPERF
L 0.164 | L 0.191 | L 0.127
G 0.055 | G 0.064 | G 0.042
| LIFESPAN |,LIFESPAN | LIFESPAN
L 0.170 | L 0.138 | L 0.170
G 0.057 | G 0.046 | G 0.057
| MAINTENC | MAINTENC |MAINTENC
L 0.201 | L 0.215 | L 0.202
G 0.067 | G 0.072 | G 0.067
| RESISTAC | RESISTAC |RESISTAC
L 0.164 | L 0.153 | L 0.152
G 0.055 | G 0.051 | G 0.0531
| INITAILC | INITAILC | INITAILC
L 0.129 | L 0.139 | L 0.181
G 0.043 | G 0.046 | G 0,060
- LIFECYCL H LIFECYCL |4LIFECYCL
L 0.171 L 0.165 L 0.168
G 0.057 | G 0.055 | G 0.056

ALLCONTY ~~- All County Engineersin 4 states

ALLDOT -== All DOT Engineers in 4 states

ALLPRIVT -~~~ All Private Consultanting engineers in 4 states
INITAILC =-~~ Initial cost of bridge material

LIFECYCL ~-- Lifecycle cost of bridge material

LIFESPAN --- Lifespan of bridge material

MAINTENC ~-- Maintenance of bridge material

PASTPERF --- Past performance of material in bridge

RESISTAC =--~ Resistance to natural deterioration
L === LOCAL PRIORITY: PRIORITY RELATIVE TO PARENT
G ~w== GLOBAL PRIORITY: PRIORITY RELATIVE T0 GOAL

Bast Material for Bridge as chosen by all engineers interviewead
Synthesis of Leaf Nodes with respect to  GOAL
DISTRIBUTIVE MODE

OVERALL INCONSISTENCY INDEX = 0.01

PRESTRES ©O. 40
REINFORC . 347
STEEL 0. 142 T

fIiIHBER 0. 104 TSN

Composite AHP Model of the Bridge Decision by Highway Officials
in 4 States
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|

o ©

I

PASTPERF LIFESPAN RESISTAC INITAILC
L 0.164 L 0.170 L 0.164 L 0.129
G 0.055 G 0.057 G 0.055 G 0.043

|-~PRESTRES |~PRESTRES }PRESTRES |-PRESTRES |-PRESTRES
L 0.481 L 0.435 L 0.476 L 0.422 L 0.416
G 0.026 G 0.025 G 0.032 G 0.023 G 0.018

~STEEL l-STEEL -STEEL —STEEL HSTEEL
L 0.182 L 0.191 L 0.104 L 0.148 L ¢.191
G 0.008 G 0.011 G 0.007 G 0.008 G 0.008

—TIMBER ~TIMBER —TIMBER —TIMBER -TIMBER
L 0.062 L 0.068 L 0.073 L 0.066 L 0.102
G 0.003 G 0.004 6 0.005 G 0.004 G 0.004

—REINFORC —REINFORC |-REINFORC |—REINFORC [—REINFORC
L 0.305 L 0.306 L 0.348 L 0.364 L 0.292
G 0.017 G 0.017 G 0.023 G 0.020 G 0.013

ALLDOT -=-~ All DOT Engineers in 4 states

INITAILC --- Initial cost of bridge material
LIFECYCL ~-- Lifecycle cost of bridge material
LIFESPAN -~-- Lifespan of bridge material

MAINTENC --- Maintenance of bridge material
PASTPERF --- Past performance of material in bridge
PRESTRES --- Prestressed concrete

REINFORC --- Reinforced concrete

RESISTAC --- Resistance to natural deterioration
STEEL ~== Steel

TIMBER ~== Timber

L ==~ LOCAL PRIORITY: PRIORITY RELATIVE TO PARENT
G -~= GLOBAL PRIORITY: PRIORITY RELATIVE TO GOAL

Synthesis of Leaf Nodes with respect to ALLDOT
DISTRIBUTIVE MODE

REINFORC .33
STEEL 0. 154 I

TIMBER 0,073 S

LIFECYCL

L 0.171
G 0.057

—PRESTRES
L 0.412
G 0.024
-STEEL

L 0.155
G 0.009
HTIMBER

L 0.074
G 0.004
FREINFORC
L 0.360
G 0.021

Best Material for Bridge as chosen by all engineers interviewed

PRESTRES (. 4 42

Composite AHP Model of the Bridge Decision by State DOT

Engineers in 4 States
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LIFESPAN MAINTENC RESISTAC INITAILC LIFECYCL
L 0.138 L 0.215 L 0.1583 L 0.139 L 0.165
G 0.046 G 0.072 G 0.051 G 0.046 G 0.055
|-PRESTRES —PRESTRES |—PRESTRES |—PRESTRES {-~PRESTRES |-PRESTRES
L 0.370 L 0.368 L 0.407 L 0.431 L 0.323 1. 0.388
G 0.024 G 0.017 G 0.029 G 0.022 G 0.015 G 0.021
-—STEEL --STEEL —STEEL —STEEL -STEEL —STEEL
L 0.188 L 0.173 L 0.133 L 0.108 L 0.132 L 0.143
G 0.012 G 0.008 G 0.009 G 0.006 G 0.006 G 0.008
TIMBER —TIMBER —TIMBER HTIMBER -TIMBER -TIMBER
L 0.088 L 0.088 L 0.1186 L 0.091 L 0.254 L 0.117
G 0.006 G 0.004 G 0.008 G 0.005 G 0.012 G 0.006
I—REINFORC [—REINFORC L~REINFORC [—REINFORC {—REINFORC REINFORC
L 0,354 L 0.372 L 0.344 L 0.370 L 0.290 L 0.352
G 0.023 G 0.017 G 0.025 G 0.019 G 0.013 G 0.018
ALLPRIVT =-=- All Private Consultanting engineers in 4 states

INITAILC --- Initial cost of bridge material

LIFECYCL --- Lifecycle cost of bridge material

LIFESPAN --~ Lifespan of bridge material

MAINTENC --- Maintenance of bridge materijal

PASTPERF --- Past performance of material in bridge
PRESTRES --~ Prestressed concrete

REINFORC --- Reinforced concrete

RESISTAC --- Resistance to natural deterioration

STEEL -~= Steel

TIMBER -~= Timber

L ~-~ LOCAL PRIORITY: PRIOCRITY RELATIVE TO PARENT
G ~== GLOBAL PRIORITY: PRIORITY RELATIVE TQ GOAL

Best Material for Bridge as chosen by all engineers interviewed

Synthesis of Leaf Nodes with respect to ALLPRIVT
DISTRIBUTIVE MODE

PRESTRES . 35
REINFORC O. 34 8 N s
STEEL 0. 147 S

TIMBER 0. 122

Composite AHP Model of the Bridge Decision by Private
Consulting Engineers in 4 States
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T |

ALLCONTY

L 0.333
G 0.333

LIFESPAN INITAILC

LIFECYCL

L 0.170
G 0.057

L 0.181
G 0.060

L 0.168
G 0.056

|-PRESTRES |~PRESTRES [-PRESTRES |—PRESTRES |PRESTRES |-PRESTRES
L 0.407 L 0.351 L 0.434 L 0.404 L 0.350 L 0.434
G 0.017 G 0.020 G 0.029 G 0.021 G 0.021 G 0.024
—-STEEL ~STEEL —STEEL i—-STEEL H—STEEL —STEEL
L 0.117 L 0.157 L 0.105 L 0.118 L 0.136 L 0.120
G 0.005 G 0.009 G 0.007 G 0.006 G 0.008 G 0.007
| -TIMBER —-TIMBER —TIMBER —TIMBER —-TIMBER —TIMBER
L 0.089 L 0.093 L 0.083 L 0.095 L 0.196 L 0.122
LG 0.004 G 0.005 G 0.006 G 0.005 G 0.012 G 0.007
REINFORC ~REINFORC —REINFORC REINFORC }REINFORC |—REINFORC
L 0.387 L 0.398 L 0.368 L 0.384 L 0.318 L 0.324
G 0.016 G 0.023 G 0.025 G 0.020 G 0.019 G 0.018

ALLCONTY --- All County Engineersin 4 states

INITAILC -~- Initial cost of bridge material

LIFECYCL --- Lifecycle cost of bridge material

LIFESPAN --- Lifespan of bridge material

MAINTENC --- Maintenance of bridge material

PASTPERF --~ Past performance of material in bridge
PRESTRES -~~~ Prestressed concrete

REINFORC ~~-- Reinforced concrete

RESISTAC ~-- Resistance to natural deterioration

STEEL === Steel

TIMBER --= Timber

L === LOCAL PRIORITY: PRIORITY RELATIVE TO PARENT
G === GLOBAL PRIORITY: PRIORITY RELATIVE TO GOAL

Synthesis of Leaf Nodes with respect to ALLCONTY
DISTRIBUTIVE MODE

PRESTRES 0, 397 a0
REINFORC O, 3 2 N !
STEEL 0.125

TIMBER  0.116 N

Composite AHP Model of the Bridge Decision by County Highway
Oofficials in 4 States
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TIMBER BRIDGE MARKETING QUESTIONNAIRE
AND
SUMMARY OF RESULTS
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Tech

VIRGINIA POLYTECHNIC INSTITUTE
AND STATE UNIVERSITY

g

Timber Bridge Marketing Study

Center for Forest Products Marketing
Department of Wood Science and Forest Products
1650 Ramble Road
Blacksburg, Virginia 24061-0503

Questions? Call: Bob Smith
Phone: 703/231/5876
Fax: 703/231/8868

The following questionnaire asks for your opinions concerning the marketing of timber bridges and
timber bridze componeats. The information will be used to better understand the needs of
companies like yours and will help to develop strategies to promote the entire timber bridge
industry. If you are not involved in the production or marketing of materials used in timber
bridges, please pass this questionnaire to the appropriate person in your company. We appreciate
your help and assure you that your response is stricly confidential. Thank you!

Timber Bridge Marketing Questiomnaire: Cover
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1. Is your firm involved in the manufacture, promotion, or sale of timber (wood) materials
used in bridge construction? (Please check one box)

D No = Piease fold, tape, and return the questionnaire
D Yes = Please continue with question 2

|4

In your opinion, how important are the following factors in influencing the choice of a
bridge material (concrete vs. steel vs, timber)? (Piease rate each factor by circling the number
that most accurately describes its importance.)

Below Average Average Above Average
Importance Importance Importance

Advertisements in magazines 1
Trade shows/conventions 1
Personal calls by salespeople 1
Unsolicited sales literature 1
Seminars sponsored by suppliers 1
Journal articles about bridge materials 1
1

1

Government sponsored research

NN N RN DN
W W W W W W W W
R U R . T I N
h W A th A Wy W
[ S~ S < T - S - S - T -,
B0 B RN B I BN RS B |

Opinions of other bridge engineers

3. How important are the following people in the choice of a bridge material?

Below Average Average Above Average
1mportance Importance Importance
Local or town highway officials 1 2 3 4 5 6 7
County highway officials 1 2 3 4 5 6 7
Consulting engineers 1 2 3 4 5 6 7
State DOT district or local engineers 1 2 3 4 5 6 7
State DOT central office engineers 1 2 3 4 5 6 7

Timber Bridge Marketing Questionnaire: Page 1
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4. How important are the following factors in the choice of a bridge material? (Please rate each
factor by circling the number that most accurately describes its importance.)
Below Average Average Above Average
importance Importance Importance
Designer’s familiarity with material 1 2 3 4 5 [3 7
Acsthetics 1 2 3 4 5 6 7
Length (time) of traffic interruption 1 2 3 4 5 6 7
lmpact on local economy 1 2 3 4 5 6 7
Maintesance requirements 1 2 3 4 5 6 7
Industry promotional efforts 1 2 3 4 5 6 7
Reguiar inspection requirements 1 2 3 4 5 ] 7
Environmental considerations 1 2 3 4 5 6 7
Initial cost 1 2 3 4 5 6 7
Bridge ownership (state, county, town) 1 2 3 4 5 6 7
Resistance 0 de-icing chemicals 1 2 3 4 5 6 7
Expected life of material 1 2 3 4 s 6 7
Bridge loading variations 1 2 3 4 5 [ 7
Contractor’s familisrity with material i 2 3 4 - 6 7
Availability of design information 1 2 3 4 5 6 7
Resistance o natural deterioration 1 2 3 4 5 6 7
Past performance of the material in bridges 1 2 3 4 5 6 7
Daily traffic conat 1 2 3 4 5 6 7
Ease of repair 1 2 3 4 5 6 7
Material preference of local officials 1 2 3 4 5 6 7
Lifecycle cost of material 1 2 3 4 5 6 ?
Standards specified by AASHTO 1 2 3 4 s 6 7
Governmental research efforts 1 2 3 4 5 6 7

Timber Bridge Marketing Questionnaire: Page 2
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‘The following questions ask about your company and its activity in the timber bridge market.
This information will be used to group your company with similar companies for analysis

s. What is the primary business of your company? (Please check ons box)

Wood Treating
Structural  Glye-laminated Timber Manufacturer
Hardwood Lumber Manufacturer

Softwood Lumber Manufacturer

Timber Bridge or bridge component Manufacturer
Broker or manufacturer's represeatative

Other (Please specify):

uoooooo

6. Which category best describes your company in relation to timber bridges?
{Please check one box)

Manufacturer or Fabricator
Manufacturer’s Representative
Broker

Other (Please specify):

aocoo

7. Which of the following activities are included in your timber bridge marketing program?
(Please check all appropriate boxes)

Advertisements in magazines

Displays at rade shows and conveations
Personal calls by salespeople

Promotional literature

Seminars for highway officials

Providing engineering assistance to customers
Other (Please specify):
Noae of the above

oooOoooon

Timber Bridge Marketing Questionnaire: Page 3
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10.

11.

How many juirine ampioyees arc invoiveo w the SAMES aN0 MATKCURE 01 timber bridges
or bridge components at your firm ?

sales and marketing employees

ra——

How does your company market timber bridge materials? (Please check all that apply).

Qutside sales people

Inside sales people
Manufacturer’s representatives
Brokers

Other:
None of the above

ooagooa

Has your firm participated in the recent Timber Bridge Initiative Program (Either by
bidding or providing material for a timber bridge project sponsored by TBIP)?

DY&
DNo

In what geographic area(s) does your company market timber bridge materials?
(Please check all that apply)

Outide Cortnentat US. []

Timber Bridge Marketing Questionnaire: Page 4
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If your firm jg not & manufacturer, please skip this page.

The following questions ask about manufacturing of timber bridges or bridge components,

eomponents at your firm?

production employees

12. What species does your company use for the production of bridges and bridge
components? (Piease indicate the percentage of each species)
Douglas-fir % Southern Yellow Pine %
Red Qak % Red Pine
Red Maple % Eastern Hemlock %
Cottonwood % Aspen %
Orher: % Other: %
Total = 100%
13, Which of the following timber products does your company manufacture in addition to
timber bridges or components? (Please check all that apply)
O Utility poles O Guardrails [ Feoce posts
D Landscape timbers D Hardwood lumber D Treated lumber
O salt storage buildings [ softwood tumber 0 structwral Glu-lams
D Wood culvents D Railway ties D Other:
O Pilings O Foot bridges [J None of the above
14.  How many thousand board feet (Mbl) of lumber did your company use in the production
of timber bridges and bridge components during 19927
Mbf
15. Where are your production facilities located?
O west O Mid-Avantic [ Midwest
D South D Northeast
16. How many full-time employees are involved in the production of timber bridges and bridge

Timber Bridge Marketing Questionnaire: Page 5
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17.  Does your firm supply (sell) a complete timber bridge package?

D Yes = Does your firm supply engineered plans with this package? D Yes

D No DNO

18. How many years has your firm supplied timber bridges or components?

years

19.  Over the next § years do you expect your company’s sales of timber bridges and bridge
components 10:

D Stay the same
[:] Increase by %
D Decrease by %

20.  What was your firm’s tota] sales of all products during 19927

dollars

21.  What percentage of total sales were from timber bridge materials?

%

Timber Bridge Marketing Questionnaire: Page 6
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22, What ere your primary concerns regarding the future of timber as 2 highway bridge
material?

'3

Comments; .
Is there anything about the marketing of timber bridges that is important but was not addressed in the
questionnaire? Please use the space below for additional cozzments.

[0 Please check here if you wish to rective & copy of the study results.

Thank you for your assistance. Please fold, tape (with the address on the back page showing}, and
return by mail. The postage is prepaid.

Timber Bridge Marketing Questionnaire: Page 7
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*h 5 o 3k &:E”I‘I“II“V

BUSINESS REPLY MAIL ——

POSTAGE WILL BE PAID BY ADDRESSEE

VIRGINIA TECH

THOMAS M. BROOKS CENTER
ATTN: BOB SMITH

PO BOX 850

BLACKSBURG VA 24063-9985

IR Y Y1 P PO 1 1 PY 1 8 PR P A

Fold Along Dotted Line

PLEASE RETURN THE QUESTIONNAIRE, by FOLDING ONCE and TAPING so that the
return address is showing. POSTAGE IS PREPAID!

THANK YOU!

Timber Bridge Marketing Questionnaire: Return Address
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Virginia
I I TeCh CENTER FOR FOREST PRODUCTS MAR]\ETING
BB VIRGINIA POLYTECHNIC INSTITUTE " Department of Wood Science and Forest Products
AND STATE UNIVERSITY 1650 Ramble Rd., Blacksburg. Vicginia 24061-0503
Phone: (703) 231-5876  Fax. (703) 231-886%
9-7-93

Mr. Charles Chaplin
President

Wood Bridges Inc.

1569 Ohio Street
Jersey, Michigan 49931

Dear Mr. Chaplin:

There are over 220,000 deficient or obsolete bridges in the United States and many new bridges will be
nezded in the near future to maintain our highway system. As you know, rural highway bridges can be
built of several materials - steel, concrete, or timber (wood). This represents an opportunity for
manufacturers of timber to increase there sales through effective marketing efforts.

At Virginia Tech, we are attempting to learn more about your needs and concerns regarding the
marketing of timber bridge materials. Our study seeks to provide the industry with information regarding
the marketing of timber to various bridge material specifiers.

Your name was chosen at random from a list of people involved in supplying timber for bridge
construction. We are asking for you to help by completing and returning the enclosed guestionnaire.
Since the number of suppliers is small, your response is vital to the success of this work.

Please be assured that your response will be treated with complete confidentiality. The questionnaire is
numbered to allow me to remove your name from the mailing list when I receive your response.
However, your name or organization will never be used in the study results. We would be happy to
provide you with a summary of the study results. To receive a copy, please check the box on the Jast
page of the questionnaire,

Thank you very much for your help. If you have any guestions or comments please contact me at
703/231-5976 or 703/231-9969 (Fax).

Sincerely,

s5d Smedh

Bob Smith
Graduate Student

A Land-Grani University - The Commonwealih Is Our Campus
An Equal Opporiunity / Affimative Action Institution

Timber Bridge Marketing Questionnaire: Cover Letter
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g it § Center for Forest Products Marketing
Li;rIéC}l
w VIRGINIA POLYTECHNIC INSTHUTE Department of Woud Seience and Fureat Products
AND STATE UNIVERSITY 1650 Ramnble Kd.. Blacksburg, Vieginia 24061-6503
Phone: (703) 231-5876 Fax: (703) 231 3568
10-7-93

Mr. Buster Keaton
Owner

Timber Bridges Inc.
1569 Michigan Street
Claundike, Ohio 48961

Dear Mr. Keaton:

HELP!! Recently I asked for your assistance with my studies of
timber used in bridge construction in the United States. This work
ig in conjunction with the current Timber Bridge Initiative Program
sponsorad by the U.S., Forest Service. Your response is critical to
the success of this study, and to my graduate work. Please take a
few minutes to £ill out and return the enclosed questionnaire.

The information you provide will be held in strict confidence. The
number on the questionnaire is for administrative purposes and
allows me to remove your name from the mailing list upon receipt of
your response. Reports resulting from this study will contain only
data combined from the many responding companies; no information
will be released about individuals or departments. The over-aill
cpjective of the study is to develop strategies that will assist
all firms in their marketing and management efforts of timber as
used in bridge construction.

Thank you very much for your help. If you have any questions
please contact me at 703-231-5876, (Fax: 703-231-8868).

Sincerely,

o

N e

Bob Smith
Graduate Student

A Land-Grannr Untiver s Do Commparawealsic I Our Cangen
An Eqpoa! Qpporigesty. AMhsaiive \ction fnstidon

Timber Bridge Marketing Study: Follow-up Reminder Letter
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Summary of Timber Bridge Marketing Study

Question Number Response

1. Has Firm Been Involved with Timber

Bridges
Yes 31
No 23
Non-response 9
2. Importance of Factors in Choosing a Mean Response

Bridge Material.
Peers 5.87!
Personal Call by Salesperson 5.61
Journal Article 5.20
Seminars 4.84
Government Research Efforts 4.71
Tradeshows 4.42
Advertisements in Magazines 3.48
Unsolicited Promotional Literature 3.21

3. Importance of Bridge Decision-Makers

District DOT Engineers 5.87
State DOT Engineers 5.87
Private Consulting Engineers 5.52
County Highway Officials 5.16
Local or Town Highway Officials 4.61

T. Rating Scale: 1 (Below Average) to / (Above Average), & = Average
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Question Number Response
4. Importance of Factors in Bridge Decision. (Mean)
Designer familiarity with material 6.19
Initial cost of material 6.10
Expected life of material 5.65
Material preference by local officials 5.65
Maintenance requirements of material 5.52
Standards specified in AASHTO 5.52
Past performance of material 5.48
Lifecycle cost of material 4.45
Contractors familiarity with material 5.42
Availability of design information 5.37
Environmental considerations 5.29
Resistance to natural deterioration 5.26
Ease of repair 4.90
Resistance to deicing chemicals 4.87
Length of traffic interruption 4.87
Aesthetics 4.87
Bridge loading variations 4.84
Bridge ownership 4.77
Impact on local economy 4.58
Daily traffic count 4.55
Regular inspection requirements 4.42
Industrial promotional efforts 4.32
Government research efforts 4.13

. Rating Scale: 1 (Below Average) to 7 (Above Average

, 4 = Average
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Summary of Timber Bridge Marketing Study

Question Number

Response

Percentage (Number)

5. Primary Business of Company.

Wood treating 46.7% (14)
Structural glue-Laminator 30.0% (9)
Hardwood lumber manufacturer 0
Softwood lumber manufacturer 6.7% (2)
Timber bridge manufacturer 3.3% (1)
Broker or manufacturer's representative 10.0% (3)
Other 3.3% (1)
6. Relationship to Timber Bridges
Manufacturer 77.4% (24)
Manufacturer’'s Representative 9.7% {3)
Broker 0
Other 12.9% (4)
7. Activities in Bridge Marketing

Program.
Advertisements in magazines 22.6% (7)
Displays at tradeshows or conventions 41.9% (13)
Personal calls by salespeople 58.1% (18)
Promotional literature 48.4% (15)
Seminars to highway officials 12.9% (4)
Engineering assistance to customers 29% (9)
Other 6.5% (2)
None 26.7% (8)
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Summary of Timber Bridge Marketing Study

Question Number Response
8. Number of Full-Time Employees involved 3t
in Marketing of Timber Bridges.

9. Methods of Marketing Timber Bridges Percentage (#)
Outside sales people 32.3% (10)
Inside sales people 67.7% (21)
Manufacturer's representatives 16.1% (5)
Broker 9.7% (3)
Other (bridge contractors) 12.9% (4)
None of above 10.0% (3)
10. Have Participated in Timber Bridge

Initiative Program.
Yes 54.8% (17)
No 45.2% (14)
11. Marketing Areas of Timber Bridge

Promoters.
West 45.2% (14)
South 54.8% (17)
Mid-Atlantic 61.3% (19)
Northeast 54.8% (17)
Midwest 64.5% (20)
Outside continental U.S. 16.7% (5)

. Most responses 1indicated sales people promoted other products.
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Summary of Timber Bridge Marketing Study

Question Number Response
Percentage (# firms)

12. Species used in Production of
Timber Bridges.

Southern Yellow Pine 67.7% (21)
Douglas fir 54.8% (17)
Red/White Oak 22.6% (7)
Red Pine 16.1% (5)
Red Maple 12.9% (4)
Other:Aspen, Cottonwood, Hemlock, Imported, 22.6% (7)

and Alaskan Cedar

13. Product Lines in Addition to Timber

Bridges.
Guardrails 55.2% (16)
Utility poles 55.2% (16)
Footbridges 53.6% (15)
Treated lumber 51.7% (15)
Fence posts 51.7% (15)
Landscape timbers 44.8% (13)
Softwood lumber 41.4% (12)
Pilings 39.3% (11)
Structural glulams 37.9% (11)
Railroad ties 31.0% (9)
Salt storage buildings 24.1% (7)
Hardwood lumber 17.2 (5)
Wood box culverts 13.8% (4)
Other (cross arms, fencing, trusses) 21.4% (6)

14. Amount of Lumber used in Production of
Timber Bridges.

Thousand Board Feet 211.80¢

Number of responses 17

. Mean Response
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Summary of Timber Bridge Marketing Study

Question Number Response
Percentage (#)
15. Location of Production Facilities
West 42.9% (12)
South 14.3% (4)
Mid-Atlantic 17.9% (5)
Northeast 3.6% (1)
Midwest 21.4% (8)
16. Number of Full-Time Employees involved in Production
of Timber Bridges

Number* (Most firms responded that these employees were used in 25!
production of other products)
17. Does Firm supply complete Bridge Package?
Yes 38.7% (12)
No 61.3% (19)

B. Does it include engineered plans?
Yes 58.3% {7}
No 41.7% (5)
18. Number of years Supplying Timber Bridges.
Number 36.2
19. Expected Timber Bridge Sales over next 5

Years.
Stay the same 50%(15)
Decrease 0
Increase (Average = 15% increase) 50% (15}
20. Total Sales of All Products
Number* (23 responding firms) 143 million dollars®
*This is skewed upward by 2 firms with over 1 billion in

sales.
Range 1.2 million to 2.3 billion
21l. Average Bridge sales of Total Sales 7.3%

Range Less than 1% to 100%

. Mean Response
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VITA

Robert Lee Smith was born in Houghton, Michigan on August 21,
1955. Mr. Smith received a B.S. in Wood and Fiber Utilization from
Michigan Technological University in 1977. Upon completion, he
worked as quality control director, production manager, and sales
representative for a Midwestern lumber manufacturing and wood-
preserving company. During this time he completed his MBA from the
University of Wisconsin at Oshkosh in 1990. 1In 1991 he was awarded
a USDA Fellowship at Virginia Tech and returned to complete the
requirements for a Doctorate in Philosophy in Wood Science and

Forest Products.
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