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(ABSTRACT)
Decison-makersinvolved in material choice decisions in the United States infrastructure

were surveyed to identify factors which are important in the material choice decision and to
determine the perceptions of wood in various infrastructure applications. Thisinformation led to
the development of strategies to increase the use of wood in infrastructure markets across the US.
The highway, marine/inland waterway, railroad and utility systems composed the four markets
representing the US infrastructure. A total of 2344 questionnaires were mailed nationwide. The
perceptions of wood were further defined through personal interviews with 112 individualsin four
geographically dispersed states.

The most important factorsin material choice decisions were durability, maintenance and
cost. Environmental impact, ease of design and innovativeness of material were lessimportant in
the material choice decision. Highway and marine/inland waterway respondents perceived wood to
be among the lowest materiasin overall performance. Railroad and utility respondents perceived
wood to have significantly better overall performance than highway and marine/inland waterway
respondents.

Respondents percelved wood' s advantages to be its aesthetically pleasing appearance, low
initial cost, ease in repair and easein field modification. They perceived the disadvantages of wood
to be high life-cycle costs, high maintenance requirements and low biological decay resistance.
Severa strategies are suggested to increase wood use in infrastructure, including: grester market
approach by the wood products industry, improved timber structure design details, and increased

service life of wood through improved chemical preservative treatments.



Dedication

Raymond “ Sarge” Spradlin and Richard T. Snellings Sr. are my grandfathers and | have aways
admired them for their many fine qualities. They loved their families and worked hard to provide
for them. Their achievements inspired me to earn my master of science degree, and | dedicate this

work to them.

Thiswork is dedicated to my parents, Warren and Margaret Spradlin Sr. 'Y ou have supported and
loved me through al my work. Y ou aways urge me to give my best effort and reach my goals. |

love and thank you for al you have done.
Finaly, my wife, Kristin, loved me, cared for me and supported me throughout this long journey.

Thiswork is dedicated to you and | thank you for al you have done. Y our successis one of my

greatest pleasures. | look forward to loving and supporting you in al your achievements.



Acknowledgements

First, | would like to thank Dr. Robert L. Smith, my committee chair, for his guidance,
generosity and encouragement throughout my Master’s program. | want to thank Dr. Robert J.
Bush and Dr. Fred M. Lamb for serving on my committee and advising me in thiswork. The staff
a Virginia Tech, especially Joanne Buckner, are greatly appreciated for their support and effortsin

helping me complete my work.

A specia thanksis extended to the US Forest Service, Northeastern Area, National Wood

In Transportation Information Center, for giving me the opportunity to achieve this goal.

| thank the infrastructure leaders who provided the data and information which allowed
this study to succeed.

I want to thank my wife's parents, Furman and Carol Walker, for their kindness and

support while | finished my Master’s degree.

My fellow graduate students are greetly appreciated for all their support, advice and
friendship during thiswork. | want to especially thank Matt Bumgardener, Ren-Jye “Marshall”
Shiau, Curt Alt, Delton Alderman, Jim Chamberlain and Sara Jensen for their effortsin this work.
| wish you the greatest success.



Table of Contents

ABSTRACT
DEDICATION
ACKNOWLEDGEMENTS
TABLE OF CONTENTS

1. LITERATURE REVIEW
Introduction and Justification
Study Objectives
Industrial Marketing and Infrastructure
Factors Affecting Purchase Decisions in Infrastructure Organizations
Industrial Products. How Are They Defined?
Products: Success or Failure
Industrial Products Categories
Product Life Cycle and The Industrial Products
Maturity Stage For Infrastructure Products
Industrial Product Life-Cycles
Infrastructure Products Review
The Highway Infrastructure Market
Products
Highway Guardrail Systems
Highway Noise Barriers
Signs and Sign Posts
Formwork/Falsework Description
The Railroad Infrastructure Market
Railroad Crossties
The Marine Infrastructure Market
The Utility Infrastructure Market
Other Wood Products in Transportation
Summary
Literature Cited
Tables

2. METHODS
Study Objectives
Methods

<

1
1
1
19
20
21
21
22
22
23
24
25
26
27
29
30
32
33
35
40

O~NPPoO~NORADNPR

48
49
49



Sample Development

Questionnaire Development, Data Collection and Analysis
Data Anaysis

Literature Cited

3. DETERMINING DECISION-MAKERS PERCEPTIONS OF MATERIALSIN
UNITED STATES INFRASTRUCTURE MARKETS
Introduction to the United States I nfrastructure
Study Objectives
Results and Discussion
Demographics and Material Use
Testing of Hypotheses
Perceptional Ratings of Overall Factor Importance
Discussion of Overall Factor Importance
Perceptional Ratings of Overall Material Performance
Comparisons of Overall Factor Importance in Different United States
Regions
Comparisons of Overall Material Performance in Different United States
Regions

Perceptional Ratings of Cost Factors
Discussion of Cost Factors
Perceptional Ratings of Cost Attributes
Discussion of Cost Attributes
Perceptional Ratings of Durability Factors
Discussion of Durability Factors
Perceptional Ratings of Durability Attributes
Discussion of Durability Attributes
Perceptional Ratings of Design Factors
Discussion of Design Factors
Perceptional Ratings of Design Attributes
Discussion of Design Attributes
Perceptional Ratings of Environmental Factors
Discussion of Environmental Factors
Perceptional Ratings of Environmental Attributes
Discussion of Environmental Attributes
Perceptional Ratings of Maintenance Factors
Discussion of Maintenance Factors
Perceptional Ratings of Maintenance Attributes
Discussion of Maintenance Attributes
Perceptional Ratings of Innovation Factors
Discussion of Innovation Factors
Perceptional Rating of Innovation Attributes
Discussion of Innovation Attributes

Conclusions

Literature Cited

49
52
56
58

59
60
60
63
65
67
70
71
72

73

73
73
74
75
76
77
78
78
82
83

85
87
89
90
91
94
96
97
98
101
103
104
104
107
108
111

Vi



4. DETERMINING DECISION-MAKERS PERCEPTIONS OF MATERIALSIN THE

UNITED STATES HIGHWAY INFRASTRUCTURE MARKET 112
The Highway Infrastructure Market 113
Study Objectives 113
Results and Discussion 116
Demographics and Material Use 116

Test of Hypotheses 118

Overall Factor Importance 122
Discussion of Overall Factor Importance 122

Overal Material Performance 123
Discussion of Wood Products Overall Material Performance 124
Perceptional Ratings of Cost Factors 124
Discussion of Cost Factors 125
Perceptional Ratings of Cost Attributes 125
Discussion of Cost Attributes 127
Perceptional Ratings of Durability Factors 127
Discussion of Durability Factors 128
Perceptional Ratings of Durability Attributes 129
Discussion of Durability Attributes 131
Perceptional Ratings of Design Factors 132
Discussion of Design Factors 133
Perceptional Ratings of Design Attributes 133
Discussion of Design Factors and Attributes 136
Perceptional Ratings of Environmental Factors 137
Discussion of Environmental Factors 138
Perceptional Ratings of Environmenta Attributes 138
Discussion of Environmental Attributes 141
Perceptional Ratings of Maintenance Factors 142
Discussion of Maintenance Factors 143
Perceptional Ratings of Maintenance Attributes 144
Discussion of Maintenance Attributes 147
Perceptional Ratings of Innovation Factors 148
Discussion of Innovation Factors 148
Perceptional Rating of Innovation Attributes 149
Discussion of Innovation Attributes 152

Case Study Interviews 153

Case Study 1: Georgia 153

Case Study 2: Indiana 157

Case Study 3: Maine 159

Case Study 4: Montana 162

Conclusions 165
Literature Cited 168

5. DETERMINING DECISION-MAKERS PERCEPTIONS OF MATERIALSIN THE
UNITED STATES MARINE/INLAND WATERWAY INFRASTRUCTURE
MARKET 169

Vi



The United States Marine/Inland Waterway Infrastructure Market 170

Study Objectives 170
Results and Discussion 172
Demographics 172

Overall Factor Importance Ratings 173
Discussion of Overall Factor Importance Ratings 174

Overal Material Performance 174
Discussion of Overall Material Performance 174
Perceptional Ratings of Cost Factors 175
Discussion of Cost Factors 175
Perceptional Ratings of Cost Attributes 175
Discussion of Cost Attributes 176
Perceptional Ratings of Durability Factors 176
Discussion of Durability Factors 177
Perceptional Ratings of Durability Attributes 177
Discussion of Durability Attributes 179
Perceptional Ratings of Design Factors 180
Discussion of Design Factors 180
Perceptional Ratings of Design Attributes 181
Discussion of Design Attributes 182
Perceptional Ratings of Environmental Factors 183
Discussion of Environmental Factors 183
Perceptional Ratings of Environmenta Attributes 183
Discussion of Environmental Attributes 185
Perceptional Ratings of Maintenance Factors 185
Discussion of Maintenance Factors 186
Perceptional Ratings of Maintenance Attributes 186
Discussion of Maintenance Attributes 187
Perceptional Ratings of Innovation Factors 188
Discussion of Innovation Factors 188
Perceptional Rating of Innovation Attributes 189
Discussion of Innovation Attributes 190

Case Study Interviews 191

Case Study 1: Georgia 191

Case Study 2: Indiana 193

Case Study 3: Maine 195

Case Study 4: Montana 197

Conclusions 198
Literature Cited 200

6. DETERMINING DECISION-MAKERS PERCEPTIONS OF MATERIALSIN THE

UNITED STATES RAILROAD INFRASTRUCTURE MARKET 201
The United States Railroad Infrastructure Market 202
Study Objectives 202
Results and Discussion 204

viii



Demographics 204

Overall Factor Importance Ratings 205
Discussion of Overall Factor Importance 205

Overdl Perceived Material Performance Ratings 206
Discussion of Overall Material Performance 206
Perceptional Ratings of Cost Factors 206
Discussion of Cost Factors 207
Perceptional Ratings of Cost Attributes 207
Discussion of Cost Attributes 207
Perceptional Ratings of Durability Factors 208
Discussion of Durability Factors 209
Perceptional Ratings of Durability Attributes 209
Discussion of Durability Attributes 211
Perceptional Ratings of Design Factors 211
Discussion of Design Factors 212
Perceptional Ratings for Design Attributes 212
Discussion of Design Attributes 213
Perceptional Ratings of Environmental Factors 214
Discussion of Environmental Factors 214
Perceptional Ratings of Environmental Attributes 215
Discussion of Environmental Attributes 216
Perceptional Ratings of Maintenance Factors 218
Discussion of Maintenance Factors 218
Perceptional Ratings for Maintenance Attributes 218
Discussion of Maintenance Attributes 219
Perceptional Ratings of Innovation Factors 219
Discussion of Innovation Factors 220
Perceptional Rating of Innovation Attributes 220
Discussion of Innovation Attributes 221

Case Study Interviews 222

Case Study 1: Georgia 222

Case Study 2: Indiana 224

Case Study 3: Maine 226

Case Study 4: Montana 228

Conclusions 229
Literature Cited 231

7. DETERMINING DECISION-MAKERS PERCEPTIONS OF MATERIALSIN

UNITED STATESUTILITY INFRASTRUCTURE MARKETS 232
The United States Marine/Inland Waterway Infrastructure Market 233
Study Objectives 235
Results and Discussion 235
Demographics 236

Overall Factor Importance Ratings 236
Discussion of Overall Factor Importance 237

Overall Material Performance Ratings 237



Discussion of Overall Materia Performance 238

Perceptional Ratings of Cost Factors 238
Discussion of Cost Factors 238
Perceptional Ratings of Cost Attributes 239
Discussion of Cost Attributes 239
Perceptional Ratings of Durability Factors 240
Discussion of Durability Factors 240
Perceptional Ratings of Durability Attributes 242
Discussion of Durability Attributes 242
Perceptional Ratings of Design Factors 243
Discussion of Design Factors 243
Perceptional Ratings of Design Attributes 244
Discussion of Design Attributes 245
Perceptional Ratings for Environmenta Factors 245
Discussion of Environmental Factors 245
Perceptional Ratings of Environmenta Attributes 247
Discussion of Environmental Attributes 247
Perceptional Ratings of Maintenance Factors 248
Discussion of Maintenance Factors 248
Perceptional Ratings of Maintenance Attributes 249
Discussion of Maintenance Attributes 250
Perceptional Ratings of Innovation Factors 250
Discussion of Innovation Factors 251
Perceptional Rating for Innovation Attributes 252
Discussion of Innovation Attributes 252
Case Study Interviews 252
Case Study 1: Georgia 252

Case Study 2: Indiana 254

Case Study 3: Maine 257

Case Study 4: Montana 259
Conclusions 261
Literature Cited 263
8. CONCLUSIONS AND MARKET STRATEGY 264
Conclusions 265
Wood Products: Pros and Cons in Infrastructure 265
Highway Market 265
Marine/Inland Waterway Market 266
Railroad Market 266
Utility Market 267
Wood in the United States Infrastructure Market 268
Competitive Strategies in Infrastructure Markets 268
Areas of Future Research 269
Limitations To Study 271

Literature Cited 271



APPENDIX: TABLES

VITA

272

320

Xi



