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ABSTRACT 

A demand exists for strong, cost-effective. durable, and environmentally benign building materials 
for weather-exposed marina applications. In particular, the findings from a nationwide survey of de- 
cision makers at U.S. marinas indicate a need for waterfront materials and products with superior 
performance capabilities having a combination of "ideal" attributes that may not be currently available 
in the marketplace. This study examines the perceptions of decision makers at both large and small 
U.S. marinas and fixed versus floating dock systems regarding new and established waterfront materials 
in decking and piling applications. The findings from the survey indicate the most important decking 
material attribute for U.S. marinas was resistance to decay, followed by reliable strength, and low 
mclirrrenunce cost. The most important piling material attribute was also resi.stcznce to decay followed 
by reliable strength and resistance to impact. The least important attribute for both decking and piling 
was use oJ' recycled ma/eriuls. Material performance comparisons generally indicated a strong pref- 
erence for composite decking and steel piling. In terms of cost, wood was perceived as the best (lowest 
cost); composites were perceived as the worst (highest cost). Knowledge ratings of composite products 
and the receptivity to new technologies indicated that marina respondents perceived themselves mod- 
erately knowledgeable of composite materials and moderately receptive to the adoption of new tech- 
nologies. 

Ke?.words: Decking, piling, perceptions, productlmarket development, end-users, specifiers, marinas. 
marina dock systems, composites. 

INTRODUCTION vironmental forces such as waves, tides, cur- 

~h~ word generally is used to de- rents, extreme water levels, ice, and mecha- 

scribe a recreational boat facility, commonly nisms such as corrosion, physical and chemi- 

referred to as small-craft marina or harbor. The cal attacks, and biodegradation, as well as gen- 

facility may include commercial docking eral wear, abrasion, and fatigue and accidental 

space and services, moorings, boat repair ser- damage such as that caused by vessel impact 

vices, new or used boat sales, water transpor- and overloads. Material selection for marina 
tation components, and other related water- structures is very important to the cost and 
front activities. There are approximately durability of the structure. A low initial cost 
12,000 marinas in the Unites States (Lenard may be offset by high recurring maintenance 
1 999). costs making durability issues of paramount 

Marina structures are subject to harsh en- importance to the overall useful life of these 
structures. 

t Member of SWST. Generally marina structures require the use 
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of a variety of construction materials that take 
advantage of the best properties of each ma- 
terial within individual design configurations. 
The predominant group of materials most of- 
ten encountered in marina and small-craft har- 
bor projects are steel, reinforced concrete, pre- 
stressed concrete, aluminium, fiberglass, 
stone, wood, and a variety of composite ma- 
terials (Tobiasson and Kollmeyer 199 1 ). Ma- 
rina applications for these materials include 
fixed and floating dock structures, pilings, dol- 
phins, bulkheads, decking, fendering, building 
frames, seawalls, and breakwaters (Tobiasson 
and Kollmeyer 199 1). Wood has been the tra- 
ditional material of choice for many of the in- 
dividual waterfront components of marinas 
due to its availability, cost, versatility, and at- 
tractive, accepted appearance by the marina 
community (Tobiasson and Kollmeyer 199 1). 
The introduction of composites to the marine 
industry has been primarily since the early 90s 
(March and Colturi 1998). 

Materials science advancements related to 
composite technologies are ongoing, and com- 
posite product lines for waterfront applications 
are evolving. More than 30 U.S. companies 
manufacture engineered wood products for 
waterfront applications, and the list of product 
offerings is growing (Anonymous 1996, 
1999a, b; Craigie 2000; Hudson 1999; Kerber 
1999; Knights 1996; Lancaster Composites 
[not dated]; Lewis 1999; Petra 1999; Pianka 
1999; Robinson 1999; Schuyler Rubber Co. 
[not dated]; Seaward International Inc. [not 
dated]; Toensmeier 1994; Troutman 1998). 
The Composites Fabricators Association 
(CFA), projects a 4 percent across the board 
increase in the pounds of composites to be 
shipped in the U.S. during 2000 amounting to 
3.90 billion pounds of composites (Henriksen 
2000). An estimated 5.2 percent increase in 
millions of pounds of composites shipped in 
the marine segment for 2001 is forecast (Hen- 
riksen 2000), and many wood-based compos- 
ite materials show promise in these waterfront 
applications. 

BACKGROUND 

Increasing marine borer populations, envi- 
ronmental concerns regarding the use and dis- 
posal of chemically treated wood in marine 
environments, and larger service load require- 
ments are factors contributing to an interest in 
using new engineered materials for marina ap- 
plications. Over the last two decades, im- 
proved water quality has created flourishing 
marine borer populations resulting in acceler- 
ated decay of many shore facilities (Eaton and 
Hale 1993; Herszenhorn 1999; Kennedy 1999; 
March and Jarvis 1997; Phair 1997; Rasmus- 
sen 1997; Rohde 1998; Tanal and Matlin 
1996). Wood pilings are vulnerable to borer 
attack resulting in costly solutions such as 
wrapping the pilings or encasing them in con- 
crete (Gaythwaite 1990), the latter method 
costing as much as $200 per linear foot (Kras- 
ner 1998). Other alternatives include using 
preservative-treated wood; however, negative 
public perceptions regarding possible leaching 
of toxic chemicals, and increased state and 
federal regulations mandating against their use 
have encouraged the use of other materials 
(Felton and DeGroot 1996; Hansen and Mor- 
re11 1997; Crawford et al. 2000; March and 
Jarvis 1997; U.S. Dept. of Agriculture 1980). 

Larger service load requirements, resulting 
from larger crafts berthing at facilities, favor 
steel and concrete, which has created more in- 
terest in developing increasingly reliable and 
strong products (Hoffard and Pendleton 1998). 
In particular, many marinas have had to ac- 
commodate greater numbers of large mega- 
yachts (generally considered to start with 80- 
foot boats) due to an industry trend toward 
bigger and more expensive vessels that require 
higher strength materials for greater impact re- 
sistance (Petra 2000; Hansen 2000; Mottram 
2000). 

U.S. naval waterfront facilitirs and 
component needs 

The U.S. Navy is interested in developing 
alternative materials for use in their shore fa- 
cilities (See Acknowledgments). Many of the 
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Navy's shore facilities, which were construct- 
ed during or following WW I1 using preser- 
vative-treated wood, are due for repair and/or 
replacement (Hoffard and Pendleton 1998; 
Malvar et al. 1998). The Navy spends approx- 
imately $250 million annually on preserva- 
tive-treated wood for a variety of applications 
including waterfront facilities, utilities, rail- 
roads, and construction (Anonymous 2000; 
Malvar et al. 1998; Hoffard and Pendleton 
1998). The Navy has 1 18,000 wood piles in 
service within the 50 states (Hoffard and Pen- 
dleton 1998) and an estimated 500 piers and 
280 wharves that provide 145 miles of berth- 
ing facilities (Scola 1989). It disposes of ap- 
proximately 20,000 tons of treated wood 
(Malvar et al. 1998) at an estimated annual 
cost to the Navy of $667,000 (Pendleton and 
Hoffard 1 998). 

This research study is guided by the U.S. 
Navy's initial interest in developing new en- 
gineered composite materials for "drop-in" 
applications, such as chocks and whales, with- 
in existing decking and fendering waterfront 
systems. Flexible custom design characteris- 
tics of composite materials have made them 
particularly useful in rehabilitation projects 
(Hastak and Halpin 2000). Additional material 
and product applications exist for new for- 
mulation and design configurations in new wa- 
terfront facilities as well (Cofer et al. 1998). 
Performance attributes such as strength, stiff- 
ness, shape, ease of construction, commercial 
viability, Navy need, and Navy design require- 
ments were considered in the Navy's selection 
of the two applications of interest: decking and 
fendering. Because of the additional interest in 
developing civilian markets for the technolo- 
gy, U.S. marina applications of decking and 
pilings were included in this study. Decking, 
the platform or surface attached to the frame, 
and pilings, used to maintain position/location 
of floats by resisting applied lateral forces. and 
to support vertical loads, are components of 
both fixed and floating dock systems and were 
identified in preliminary research as most rel- 
evant because of material usage and similarity 

in application to the Navy's interest in decking 
and fendering systems. 

Additional wategront material markets 

Although much of the interest in engineered 
composite materials is from the U.S. Navy, 
other potentially high-volume end-uses exist 
within civilian construction and infrastructure 
repair (Ashley 1996; Black 1998; Westrup 
1992). In the U.S. alone, there are more than 
750,000 public and private piers, wharves, and 
docks. According to the U.S. Army Corp. of 
Engineers, system deterioration costs total ap- 
proximately $2 billion annually within marine 
waterfront communities (March and Colturi 
1998). The public port industry is focusing on 
infrastructure improvements with approxi- 
mately $1 80 million (20% of total annual ex- 
penditures) directed toward infrastructure in- 
vestments (United States Port Development 
Expenditure Report, December 2000). In 
1997, U.S. marina planned capital improve- 
ments by type indicated that the largest per- 
centage of expenditures (30%, or approxi- 
mately $34 million) was directed towards in- 
frastructure (International Marina Institute 
1998). Additionally, the escalation in boat 
ownership by larger numbers of Americans 
has created substantial demand for marina fa- 
cilities (Tsinker 1995). The U.S. Coast Guard 
reports there were 12.7 million recreational 
boats registered with the states in 1999, which 
is an increase of 180,000 boat registrations 
from the previous year (Petra 2000). 

New product/market development 

Businesses and individuals differ in their 
openness to new ideas and technologies (Mi- 
tropoulos and Tatum 2000). The construction 
industry is generally perceived as conservative 
in adopting new technologies (Koebel 1999; 
Mitropoulos and Tatum 1999). The innova- 
tion, adoption, and diffusion of new products, 
defined as the process by which an innovation 
"is communicated through certain channels 
over time among the members of a social sys- 
tem", (Rogers 1995) has been the subject of 
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considerable attention since innovation diffu- 
sion theory was introduced into marketing in 
the 1960s (Arndt 1967; Baptista 1999; Bass 
1969; Mahajan et al. 1990; Rogers 1995). 
Much of the empirical research into the adop- 
tion and diffusion of building materials has fo- 
cused on the home building industry (Fell and 
Hansen 1999; Eastin et al. 1999; Koebel 1999; 
Mitropoulos and Tatum 1999; NAHB 2000; 
Shook 1999) as opposed to industrial appli- 
cations (Smith and Bright 2001; Smith et al. 
1999, 2000a). The degree to which target con- 
sumers perceive the new product to have a rel- 
ative advantage compared to the product it su- 
persedes is more important to the actual rate 
of adoption and new product success than any 
"objective" advantage the new product may 
have (Rogers 1995). Understanding the im- 
portance of the perceptions on competing ma- 
terials and attribute importance by target con- 
sumers is crucial to developing new products 
with customer-orientations based on those fac- 
tors considered most significant to the end- 
user. 

Yet the development of new wood products 
has not been driven primarily by customer 
needs, but rather by resource availability, re- 
source cost, and proven technology (Rosen- 
berg et al. 1990; Trinka et al. 1992). There has 
generally been a resistance to customer-ori- 
entation as an organizing principal for new 
product development and marketing in high 
technology (Cahill 1994; Trinka et al. 1992). 
Because a new product's success depends 
heavily on the relevance of the firm's offerings 
to the consumers' needs (Busch and Houston 
1985), and because typically new products 
have undeveloped preference structures, the 
firm must be able to establish the relationship 
between the capabilities of the new technology 
and the existing needs of target consumers 
(Roberts 2000). As shown by Smith et al. 
( 1999, 2000a, b), market research into the per- 
ceptions of industrial end-users and specifiers 
on the relative attribute importance of alter- 
native infrastructure materials can provide 
valuable information for developing materials 
and/or product positioning strategies. Under- 

standing how users, specifiers, and influencers 
perceive a product on important attributes and 
relative to competing products is referred to as 
a product's position (Kotler and Armstrong 
1996). Products can be positioned on the 
needs they fill or the benefits they offer to a 
certain class of users or directly against or 
away from a competitor (Aaker and Shansby 
1982). 

STUDY OBJECTIVES 

Beyond the Smith et al. (1999, 2000a, b) 
work, little research on end-users' and speci- 
fiers' perceptions of infrastructure materials, 
and particularly of new products for water- 
front applications, is available. The objectives 
of this study are the following: determine U.S. 
marina decision makers' overall knowledge 
(self-rated) of various composite materials and 
their perceptions of their marinas' receptivity 
to new technologies; rank for importance the 
relative perceptual position of twenty key 
decking and piling attributes; examine the per- 
ceptions of material performance of new and 
existing materials available for waterfront 
decking and piling of U.S. marina decision 
makers by comparing among eight select at- 
tributes; and examine differences based on 
size (as determined by the number of wet 
slips) and type of dock system between ma- 
rinas for the above constructs. 

METHODS 

Sample and sampling procedure 

Extensive exploratory interviews of person- 
nel at U.S. marinas and web site searches 
helped identify the National Marine Manufac- 
turers Association, NMMA (Chicago, IL), 
which is a trade association of more than 
1,600 companies that manufacture products 
used by recreational boaters (Anonymous 
2001), and more specifically its affiliated as- 
sociation, the Marina Operators Association of 
America, MOAA (Washington, D.C.) which 
represents only marina owners and operators 
(Wakefield 2001), as the most relevant for the 
development of the target population. 
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The 1999 National Marina Directory pub- 
lished by NMMA in conjunction with MOAA 
was used to identify contact information for 
1 1,045 U.S. marinas (NMMA 1999). The di- 
rectory is complete, frequently updated, well 
recognized and was referred to often by those 
in the industry during preliminary research. 
The sample frame was designed to include 
end-users from all 50 states to avoid bias due 
to geographic considerations and individual 
state regulatory concerns. In addition, to en- 
sure adequate size diversity (as determined by 
the number of wet slips), we classified marinas 
into two groups: those with between 1-300 
wet slips and those with >300 wet slips (2.450 
marinas were listed as having zero or un- 
known slips and were not included). Sample 
size required was based on the following equa- 
tion given by Ballenger and McCune (1990): 

where 
n = required sample size, 
212 = reliability coefficient, 
a' = estimated population standard devia- 

tion, 
h = tolerance level or precision level which 

equals the allowable difference between the 
estimate and population values. 

This study used a 95% confidence interval, 
requiring a sample size of 97 per stratum. Be- 
cause a high non-response rate from marina 
respondents was expected (the International 
Marina Institute 1998 survey mailed to mem- 
bers received only a 7.8% response rate) (In- 
ternational Marina Institute 1998), a random 
stratified probability sampling technique was 
employed to select 1,916 marinas for this 
study. 

Research instrument 

Mail questionnaires were used for primary 
data collection, as they are the most effective 
means to collect data from a geographically 
dispersed population (Blankenship and Breen 
1992; Dillman 1978). To reduce the length of 
the original questionnaire, maximize response 
rates, and obtain complete information on both 

applications, two versions of the mail ques- 
tionnaire were developed: one for each appli- 
cation (decking and pilings). The question- 
naire was thoroughly pre-tested by knowl- 
edgeable marina decision makers, university 
personnel, and civil engineers to test for bi- 
ased, misleading, or confusing questions and 
instructions. Refinements were made in the set 
of material attributes, question wording, and 
questionnaire length. 

Data collection and response rates 

To increase response rates, a modified ver- 
sion of Dillman's (1978) Total Design Method 
was employed as follows: a pre-notification 
postcard, a cover letter explaining the purpose 
of the study, and other instructions including 
descriptions of the two incentives to respond 
(entry into a prize drawing, and a summary of 
the findings of the study) were mailed in the 
spring of 2000; a reminder postcard was sent 
one week after the initial mailing; three weeks 
following the initial mailing, a second ques- 
tionnaire was mailed with a cover letter re- 
questing participation from non-respondents. 

The population was reduced for undeliver- 
able surveys resulting in a final population of 
1,7 17 marinas, and an adjusted response rate 
(ARR) of 27.6% (n = 474). Adequate geo- 
graphic and size diversity (n = 313, ARR = 
24.7% for marinas with 1-300 wet slips and 
n = 161, ARR = 35.7% for marinas with 
>300 wet slips) were represented (Fig. I). 

Study bias 

To assess non-response bias, those who re- 
sponded to the initial mailing (early respon- 
dents; n = 300) were compared to those who 
responded after follow-up steps were taken 
(late respondents; n = 174) across a number 
of survey questions using analysis of vari- 
ance.' Later respondents are generally be- 
lieved to be more like non-respondents (Pearl 

'Analysis of variance, ANOVA, determines if the mean 
values of an independent variable are significantly differ- 
ent from each other within each category of independent 
variable. 



Bright and Smitli-PERCEPTIONS OF WATERFRONT MATERIALS BY DECISION MAKERS 191 

West: North Central: 931369 (25.2%)" 

FIG. 1 .  U.S. Marina (n = 474) response rates by U.S. bureau of census regions. 

"Interpreted as follows: The North Central U. S. Bureau of Census region had 93 respondents from the adjusted 
number of 369 marine decision makers contacted, which resulted in an adjusted response rate of 25.2%' for this region. 

and Fairlcy 1985). No significant differences 
(at the p 5 0.05 level) were found between 
the two groups' mean overall perceptions of 
attribute importance, their perceptions of over- 
all material performance, their knowledge of 
composites, and their participation in water- 
front construction projects. 

Respondent and marina projile 

Thirty-two percent of respondents were cur- 
rently Managers at their marinas, followed by 
OwnersIOperators (27%), Presidents/Directors 
(1 8%), "other" (10%) and Harbor Masters 
(9%). The mean years of service at the re- 
spondents' current positions was 14.2 years 
plus an additional 10.9 years of service in their 
previous positions, totaling an average of 24+ 
years of work experience. Nearly all (85%) of 
respondents had participated in waterfront 
construction projects within the last five years, 
with the remaining 15% having participated 
within the last fifteen years. 

Of the 457 responses received concerning 
the type of dock system used at their marinas, 

the majority of respondents (n = 207) indi- 
cated using a floating dock system (45%), fol- 
lowed by a fixed dock system (29%, n = 134), 
and lastly a combination of fixed and floating 
(26%, n = 116) (Fig. 2). Floating docks were 
more prevalent than fixed docks for larger ma- 
rinas (n = 153; floating = 64%, fixed = 12%, 
combination of both types = 24%). Smaller 
marinas had a more even distribution of fixed 
and floating docks (n = 304; floating = 36%, 
fixed = 38%, combination of both types = 

26%). 
In addition, more than two-thirds of marina 

decision makers (68%) reported current or 
planned construction activity. A higher percent 
of larger marinas (n = 160, 77.5%) than 
smaller marinas (n = 306, 62.7%) indicated 
current or planned construction activity. 

Construct development 

Secondary sources were used to compile an 
initial list of relevant attributes. Primary 
sources, including exploratory interviews with 
vendors of waterfront construction materials, 
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MARINAS (n=457) 

LARGER (n=153) 

SMALLER (n=304) 

FLOATING FIXED BOTH 
FIG. 2. U.S. Marina dock systems (n = 457): percentage of fixed, floating, and combination of fixed and floating. 

discussions with militarylcivilian structural 
and material science engineers from the Navy 
project team, and on-site interviews of engi- 
neers from BERGERIABAM Inc. (Federal 
Way, WA), General Construction Company 
(Seattle, WA), and the Port of Tacoma (Ta- 
coma, WA) were used to refine and finalize a 
list of 20 attributes for both decking and piling 
materials (Tables 1 and 2). 

Respondents were also asked to rank wood, 
concrete, metals, and composite materials for 
decking, and wood, concrete, steel, and com- 
posite materials for piling on the following 
eight material attributes: long l<fe, high 
strength, low cost, durable, consistent quality 
of' materials delivered to job site, resistant to 
heut/cold environmentally sufe, and meets en- 
vironmental re~ula t ions .~  These eight attri- 

'Steel is a common material used for marina piling and 
floating docks; in recent years aluminum has received 
wide acceptance primarily in the use for floating docks 
and decking (Tobiasson and Kollmeyer 199 1 ; Tsinker 
1995, 1997). The term "metals" was used in the ques- 
tionnaire to include both steel and aluminum. 

butes were selected via interviews with water- 
front material suppliers as they were the cri- 
teria they emphasized most in their material 
comparisons. 

RESULTS 

Analysis of the data began with cross tab- 
ulations and range counts to identify coding 
errors. Analysis of variance (ANOVA) at the 
alpha levels of 0.05 and 0.10 was used to test 
for significant differences based on composite 
knowledge, receptivity to new technologies, 
attribute importance, and material perfor- 
mance comparisons with respect to large and 
small marinas and fixed versus floating dock 
systems.Warinas using a hybrid fixed-float- 
ing system were not included in the analyses 
regarding fixed versus floating dock systems. 

?Both alpha levels (0.05 and 0.10) were used to test for 
significant differences using ANOVA to provide complete 
information; Tables 3 and 4 distinguish between the two 
levels using one or two asterisks. 
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TABLE 1 .  Decking Material Attributesfor Marinas. "What material attributes do you perceive are the most important 
for DECKING?" 

Decking Matcr~al Attrlbule\' Total Larger Smaller Fixed Float~ng 
(Mean ra t~np\)  ( n = 3 7 4 )  ( n = 1 6 1 ) . '  ( n = 3 1 3 1 h  Sig.? ( n = 1 3 1 )  ( n Z 2 1 5 )  Sip 

Resistance to Decay 4.45 4.48 4.44 ,587 4.46 4.42 ,591 
Reliable Strength 4.35 4.36 4.34 ,799 4.38 4.33 ,551 
Low Maintenance Cost 4.28 4.40 4.22 .015 4.35 4.29 ,497 
Easy Installation 4.11 4.09 4.13 ,679 4.25 4.11 ,132 
Structural Design Flexibility 4.07 4.09 4.06 .694 4.1 1 4.06 ,558 
Resistance to UV 4.03 4.06 4.02 ,691 4.02 4.11 ,445 
Low Life Cycle Cost 4.02 4.03 4.02 ,917 4.1 1 3.97 ,223 
Resistance to Impact 4.01 3.99 4.02 .719 4.14 3.97 ,107 
Resistance to Marine Borers 3.98 3.98 3.99 .959 3.94 4.01 .594 
Attractive Appearance 3.98 4.08 3.93 .084 3.93 4.03 .270 
Low Replacement Cost 3.88 3.82 3.91 .340 4.09 3.75 .002 
Low ExpansionlContraction 3.65 3.68 3.63 ,643 3.66 3.67 ,923 
Resistant to Fire 3.65 3.72 3.61 ,369 3.58 3.77 ,166 
Toxic Chemical Free 3.63 3.73 3.58 ,254 3.58 3.70 ,416 
Non-Conductive 3.57 3.58 3.56 ,869 3.55 3.58 ,794 
Low Initial Cost 3.55 3.46 3.60 ,166 3.78 3.41 .003 
High Energy Absorption 3.52 3.58 3.50 ,456 3.55 3.60 ,686 
Less Aquatic Biofouling 3.38 3.36 3.39 .855 3.35 3.39 .761 
Low Disposability Costs 3.26 3.23 3.27 .704 3.19 3.34 .294 
Use of Recycled Materials 2.57 2.77 2.47 .010 2.57 2.62 ,690 

' Mean ratlng o n  a 5-point scale of I = no Importance to 3 = .;ornewhat Important to 5 = crltlcally Important 
' Bold prlnt tnd~catc\ ~tat~\tbcally s~gn~f icanl  at the 0.10 level u\ing ANOVA. 
,' Manna\  wlth >300 wet slips 
"Manna, wlth hetween 1-300 wet 5llp\. 

Composite knowledge and receptivity to new 
technologies 

Respondents were asked to rate their knowl- 
edge of composites used in waterfront appli- 
cations on a ten-point Likert scale from 0 = 
no knowledge to 10 = much knowledge (Fig. 
3a). Overall marina decision makers rated 
themselves in the middle range for knowledge 
of composites (mean = 5.10) (Fig. 3a). 

Additionally, marina decision makers were 
asked to rate their perception of how receptive 
their marinas were regarding the implementa- 
tion of new technologies on a 10-point Likert 
scale from 1 = not at all receptive to 10 = 

very receptive. Overall few respondents rated 
their firms with a rating of 4 or less (14%), 
and the mean for marina respondents was 6.68 
(Fig. 4a). 

Analysis of Variance was used to determine 
if significant differences existed between re- 
spondents from larger marinas (>300 wet 
slips) as compared to those from smaller ma- 

rinas (between 1 to 300 wet slips) with respect 
to knowledge of composites and receptivity to 
new technologies. Respondents from the 153 
large marinas rated themselves significantly 
higher (mean = 6.16) in knowledge of com- 
posite products than respondents from the 301 
small marinas (mean = 4.63) at the P = 0.000 
level (Fig. 3a). In addition, the mean responses 
for large marinas on receptivity to new tech- 
nologies were significantly higher (mean = 
7.15) as compared to those from small marinas 
(mean = 6.42) at the P = 0.003 level (Fig. 
4a). 

We also examined significant differences 
between respondents of fixed versus floating 
docks with respect to knowledge of compos- 
ites and receptivity to new technologies. Re- 
spondents from the 215 floating docks rated 
themselves significantly higher (mean = 5.58) 
in knowledge of composite products than re- 
spondents from the 133 fixed dock marinas 
(mean = 4.54) at the P = 0.001 level (Fig. 
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T I \ B L ~  2. Piling Murc,riul Attributes for Marincis. "What material attributes do you perceive are the most important 
for PILING?" 

Plllng M a t c ~ - ~ , ~ l  Attr~hulr\I .lotiil I-argrr Smaller Fixed Float~ng 
[Mean rntrnf\l in = 17J) in = 161)' ( n  - 3131'' S l g 2  (n = 131) ( n  = ? I S )  Slg 

Resistance to Decay 
Reliable Strength 
Low Maintenance Cost 
Easy Installation 
Structural Design Flexibility 
Kesistance to U V  
Low Life Cycle Cost 
Resistance to Impact 
Resistance to Marine Borers 
Attractive Appearance 
Low Replacement Cost 
Low ExpansionIContraction 
Resistant to  Fire 
Toxic Chemical Frce 
Non-Conductive 
Low Initial Cost 
High Encrgy Absorption 
Less Aquatic Biofouling 
Low Disposability Costs 
CJsc of' Recycled Materials 

' Mcan vatlng on  .I 5-pn~nt x a l c  or I = n o  Importance to 3 = \ornewhat Important to 5 = rrltically Important. 
' Hold print ~ndlcatc\ \t.~tl\t~cally ~ ~ p n ~ h c n n t  at the I1 10 lrvcl u\lng ANOVA. 
' Marln:l\ ulth ,300 wet \I!p\ 
' Martnil\ w ~ t h  hctv.een 1-100 uct  \lip\ 

3b). In addition, the mean responses for float- 
ing dock marina respondents on receptivity to 
new technologies were significantly higher 
(mean = 6.92) as compared to marinas with 
fixed docks (mean = 6.02) at the P = 0.002 
level (Fig. 4b). 

Attribute irnportunce 

To determine the relative importance of the 
20 decking and piling attributes among marina 
decision makers, a 5-point Likert scale from 1 
= no importance, to 3 = somewhat important, 
to 5 = critically important was used (Tables 1 
and 2). 

Decking.-Table 1 shows that resistance to 
cl'ecuy was rated as the most important decking 
material attribute for marina decision makers 
(mean = 4.45). Reliable strength (mean = 

4.35) low, nzaintenance cost (mean = 4.28), 
and easy installation (mean = 4. I 1 ) were sec- 
ond through fourth in importance, respective- 
ly. The two least important decking material 

attributes were low di.sposability cost (mean = 

3.26) and use of recycled materials (mean = 

2.57). Moreover, environmental attributes for 
decking, which included toxic chemical ,free, 
less aquatic biofouling, low disposability cost, 
and use of recycled materials, were uniformly 
rated very low (bottom 7) on attribute impor- 
tance. 

Piling.-As shown in Table 2, the four most 
important piling material attributes for marinas 
were resistance to decay (mean = 4.45), re- 
liable strength (mean = 4.44), resistance to 
impact (mean = 4.24), and low maintenance 
cost (mean = 4.22). The least important piling 
material attribute was use of recycled materi- 
als (mean = 2.62). Furthermore, environmen- 
tal attributes for piling (the same as those for 
decking) were again uniformly rated near the 
bottom (lowest 7) in terms of their relative im- 
portance in piling applications. 

With respect to attribute importance and 
size of marina, mean responses for the two 
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(Marina Mean = 5.10; Larger marina mean = 6.16; 

25 n 
Smaller marina mean = 4.63) 

O=No Knowledge 

10=Much 
Knowledge 

MARINAS (n=454) 

LARGER (n=153) 

I3 SMALLER (n=301) 

KNOWLEDGE OF COMPOSITES 
FIG. 3a. Self-rated knowledge of composites by U.S. marinas: larger versus smaller (n = 454). 

(Fixed marina mean = 4.54; Floating marina mean = 5.58) 

20 O=No Knowledge 

E 15 
1 O=Much 

W Knowled e 
U 
ct 10 FIXED (n=133) 
E 

5 FLOATING 
(n=2 1 5) 

0 . 
0 2 3 4 5 6 7 8 9 1 0  

KNOWLEDGE OF COMPOSITES 
Frci. 3b. Self-rated knowledge of composites by U.S. marinas: fixed versus floating (n = 348). I 
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(Marina Mean = 6.68; Larger marina mean = 7.15; 
Smaller marina mean = 6.42) 

20, 1 

0 = Not at all Receptive 

10 = Very Receptive 

MARINAS (n=459) 

LARGER (n=158) 

1 El SMALLER (n=301) / 
0 2 3 4 5 6 7 8 9 1 0  

RECEPTIVITY TO NEW TECHNOLOGIES 
FIG. 4a. Receptivity to new technologies by U.S. marinas: larger versus smaller (n = 459) 

(Fixed marina mean = 6.02; Floating marina mean = 6.92) 

0 = Not at all Receptive 

10 = Very Receptive 

FIXED (n=l27) I 
FLOATING (n=206) 

0 2 3 4 5 6 7 8 9 1 0  

RECEPTIVITY TO NEW TECHNOLOGTES 
FIG. 4b. Receptivity to new technologies by U.S. marinas: tixed versus floating (n = 333) 
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groups differed from each other (at the P 5 

0.10 level) on the following three decking at- 
tributes: low maintenance cost, attractive ap- 
pearance, and use of recycled materials (Table 
1). Table 2 indicates that marina respondents 
from larger marinas differed from smaller ma- 
rinas (at the P 5 0.10 level) in their mean 
rating of only one piling attribute: low re- 
placement cost. 

We also compared fixed versus floating 
dock marina decision makers' perceptions of 
attribute importance and found two attributes, 
low initial cost and low replacement cost, dif- 
fered significantly (at the P 5 0.10 level), and 
they differed significantly for both applica- 
tions (Tables 1 and 2). Respondents from fixed 
dock marinas rated both low initial cost and 
low replacernent cost as more important than 
those from floating dock marinas (Tables 1 
and 2). 

Material pe<fbrmance 

Decking.-Respondents were asked to rank 
four alternative decking materials (wood, con- 
crete, metals, and composites) on a 4-point 
scale from 1 = worst performance, to 2 = 

below average performance, to 3 = above av- 
erage performance, to 4 = best performance 
for eight decking material attributes (Table 3). 
Overall, composites were ranked the highest 
(highest means for four of the eight attributes); 
concrete was ranked intermediate (highest 
means for two and second highest means for 
four of the eight attributes), followed by wood 
(highest means for low cost and resistant to 
Izeat/cold), and metals (highest mean for one 
attribute: high strength). 

Piling.-Respondents also ranked four al- 
ternative piling materials (wood, concrete, 
steel, and composites) on a 4-point Likert 
scale from 1 = worst performance, to 2 = 

below average performance, to 3 = above av- 
erage performance, to 4 = best performance 
on the same eight fendering attributes (Table 
3). Overall, steel was ranked the highest (high- 
est means for four of the eight attributes), 
composites were ranked highest on environ- 

mentally safe and meets environmental regu- 
lations, concrete was generally ranked inter- 
mediate, and wood was ranked the lowest for 
six of the eight attributes. 

A greater number of significant differences 
existed between large (n = 161) and small (n 
= 3 13) and fixed (n = 133) and floating (n = 

215) marina decision makers with respect to 
material performance perceptions than for at- 
tribute importance (Tables 3 and 4). For deck- 
ing and size of marina, the mean rankings be- 
tween our two groups were statistically differ- 
ent from each other (at the P 5 0.10) on the 
following decking attributes: low cost, envi- 
ronmentally safe, and meets environmental 
regulations. In all three cases, larger marinas 
rated concrete higher than smaller marinas for 
these attributes (Table 3). For decking and 
fixed versus floating dock marinas, the mean 
rankings between our two groups were statis- 
tically different from each other (at the P 5 

0.10) on long life, high strength, and durable. 
In all three cases, floating dock marinas rated 
metals higher than fixed dock marinas for 
these attributes (Table 4). 

In piling applications and size of marina, 
the mean rankings by our two groups differed 
significantly (at the P 5 0.10) on all eight at- 
tributes: long life, high strength, low cost, du- 
rable, consistent quality, resistant to heat/ 
cold, and environmentally safe, meets environ- 
mental regulations (Table 3). Respondents 
from larger marinas rated steel higher for low 
cost, and concrete higher for long life, high 
strength, durable and resistant to heat/cold 
(Table 3). 

In piling applications and fixed versus float- 
ing dock system, the mean rankings differed 
significantly (at the P 5 0.10) with those re- 
spondents having fixed docks rating wood 
higher for long life, high strength, durable, 
consistent quality, resistant to heat/cold, and 
environmentally safe. Respondents having 
fixed docks also rated composites higher; the 
mean rankings differed significantly (at the P 
5 0.10) for seven of the eight attributes (all 
except resistant to heat/cold) (Table 4). Re- 
spondents having floating docks rated steel 
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' ~ A B I . E  3. Il~cking/Pilillg Matericil Perceptions,fir Marinas (Larger and Snluller). 

IIEC'KING PILING 

l-,x;il I": L.argu7 Slnallrri Ihtal Largcr Stnaller 
n - 17-1 n = l h l  n = 113 n = 474 n = l h l  n -- 113 

Long Life 
Wood 
Concrete 
Composites 
Metals (Deckingj5 
Steel (Piling) 

High Strength 
Wood 
Concrcte 
Composites 
Metals (Decking) 
Steel (Piling) 

Low Cost 
Wood 
Concrete 
Composites 
Metals (Decking) 
Steel (Piling) 

Durable 
Wood 
Concrete 
Composites 
Mctals (Decking) 
Steel (Piling) 

Consistent Quality 
Wood 
Concrete 
Composites 
Metals (Decking) 
Stecl (Piling) 

Resistant to HeatICold 
Wood 
Concretc 
Co~nposites 
Metals (Decking) 
Steel (Piling) 

Environmentally Safc 
Wood 
Concrete 
Composites 
Metals (Decking) 
Steel (Piling) 

Environmental Regulations 
Wood 
Concrete 
Composites 
Metals (Decking) 
Steel (Piling) 

' Mran h;r\cd o n  I-e\pcrn\cr to !he Ic~llou,~np \c.rle I - wor\l. 2 = bclow .l\cnrpr. 3 : ahove ,lvulagc. dnrl 4 = hc\l perl<,~-mance 
UGng A N O V A .  .III matcrtnl\ diflkred ,113 cach of the c ~ g h t  m;rter~al :~rtr~hute< (a1 the p 5 Oil5 level) 

' Marln,is r \ l t h  2.300 wet \Ilp\ 
' Marin.t\ w ~ l h  hctwccn 1-300 wct \lip\. 
'The c:lrcgory "mct;ll\" ,v;t\ u\cd for ~lcck!ng  to ~ncludc  all rnctz~ls o\ed lor dcck~np ( i  c . \tccl ; ~ n d  n l u m ~ n u m ) .  
.' 131,Icl p r ~ n l  ~rnd~c:ltc\ \tatx\tlc.illy \~gnlIic:lnt '11 thc 0 0 5  Ic\cl ( '  I .  \ la l~\ t!cal ly \ign,llcant tit thr O I0 Icvcl I '  '1  u v n g  ANOVA 
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TABLE 4. Deckin,q/Piling Muteriul Perceptions for Marinus (Fixed crnd Flouting) 

DECKING PILING 

I o t ~ ~ l ~ ~ ~  Flxcd tlc,nllnp Total Flxcd Float~np 
n = 174 n = I33 n = 215 n = 474 n = 133 n = 215 

Long Life 
Wood 
Concrete 
Composites 
Metals ( D e ~ k i n g ) ~  
Steel (Piling) 

High Strength 
Wood 
Concrete 
Composites 
Metals (Decking) 
Steel (Piling) 

Low Cost 
Wood 
Concrete 
Composites 
Metals (Decking) 
Steel (Piling) 

Durable 
Wood 
Concrete 
Composites 
Metals (Decking) 
Steel (Piling) 

Consistent Quality 
Wood 
Concrete 
Composites 
Metals (Decking) 
Steel (Piling) 

Resihtnnt to HeatICold 
Wood 
Concrete 
Composites 
Metals (Decking) 
Steel (Piling) 

Environ~nentally Safe 
Wood 
Concrete 
Composites 
Metals (Decking) 
Steel (Piling) 

Environmental Regulations 
Wood 
Concrete 
Composites 
Metals (Decking) 
Steel (Piling) 

' Mean haacd on re\ponae\ to the tollnw~nf rcalc. I = wont ,  2 = below ;lrcrngc. 3 = above avcragc. and 4 = hcqt pcrfnr~nancc 
Llring A N O V A .  ;ill ~natcrlal\ diffrred on  cach 01 the right m:ltcrial attrxhutrr (a1 lhc p 5 0.05 level). 

' T h e  catcgrlry "metal\" w:is used for deckma lo ~nclude  all metal\ uscd tor decklng 11 c . 5tecl .~nd alurnlnnm) 
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200 WOOD AND FIBER SCIENCE, APRIL 2002, V. 34(2) 

and concrete higher than those with fixed 
docks; the mean rankings differed significantly 
(at the P 5 0.10) for seven of the eight attri- 
butes (all except environmentally safe) and 
one attribute for concrete (high strength). 

DISCUSSION AND CONCLUSIONS 

Overall knowledge of composite materials 
(self-rated) and decision makers' perceptions 
of their marinas' receptivity to new technolo- 
gies suggest increased initial use and subse- 
quent diffusion of new materials is most likely 
to occur with larger marinas and those with 
floating dock systems. In general, respondents 
as a whole rated themselves as only moder- 
ately knowledgeable about composites (mean 
= 5.10) and their marinas as only moderately 
receptive to new technologies (mean = 6.68). 
Yet respondents from larger marinas and float- 
ing dock system marinas differed significantly 
from smaller and fixed dock marinas for both 
knowledge and receptivity: those from larger 
and floating dock system marinas perceived 
themselves significantly more knowledgeable 
about composites (at the P 5 0.05) and their 
marinas as more receptive to adopting new 
technologies (at the P 5 0.05 level). This out- 
come is supported in other studies that have 
indicated early adopters are more likely from 
larger companies (Rogers 1995; Smith and 
Vlosky 1997; Vlosky et al. 1994). 

In addition, given the increasing popularity 
and acceptance of floating dock systems, more 
concentration of design talent and experimen- 
tal use of new material technology have been 
directed towards improving floating dock sys- 
tems (Tobiasson and Kollmeyer 199 1 ; Trout- 
man 1998). Our study indicated that most 
large marinas employed a floating dock sys- 
tem (64%), and they also are more likely to 
have current or planned construction as com- 
pared to smaller marinas. Therefore well-pub- 
licized, highly visible demo or showcase pro- 
jects targeted towards larger and floating dock 
system marinas would likely stimulate in- 
creased initial use and subsequent diffusion of 
these composite materials. 

However, it is important to bear in mind that 
21% of the 80 responses to an open-ended 
comments section in our questionnaire sug- 
gested a general reluctance on the part of re- 
spondents from both larger and smaller mari- 
nas and fixed versus floating to use new ma- 
terials due to a lack of experience with the 
materials. Typical comments we received 
were, "I have little experience with new ma- 
terials," "I have never seen composites in 
use," and, "More information on new mate- 
rials is needed." Initial use is likely to be un- 
dertaken only if the new materials are per- 
ceived to have a relative advantage in terms 
of the benefits and costs resulting from adop- 
tion (Rogers 1995). 

Rankings of twenty key decking and piling 
attributes for importance clearly indicated re- 
sistance to decay, reliable strength, and low 
maintenance cost were perceived as very im- 
portant and should be among the highest pri- 
orities during product development and intro- 
duction. Research results from this study 
strongly suggest that initial marketing com- 
munication strategies should focus on these 
three durability issues. 

Earlier studies on the building industry have 
sought to determine consumers' concerns for 
environmental issues when making product 
selections (Gronroos and Bowyer 1999; Ozan- 
ne and Smith 1995; Ozanne and Vlosky 1997). 
This study suggests that environmental con- 
cerns are not a high priority among marina 
decision makers in the selection of new ma- 
terials. Despite the preponderance of sales lit- 
erature of new materials emphasizing the 
"green" image of their products, "green" at- 
tributes seem to be of little concern to our 
study's respondents; the three attributes related 
to environmental concerns for decking and pil- 
ing were the least important of the 20 attri- 
butes included in our study. 

Initial cost comparisons are also empha- 
sized in the sales literature of new materials. 
Yet attribute comparisons of this study's five 
cost variables (initial, maintenance, replace- 
ment, life-cycle, and disposal) suggest more 
emphasis should be placed on low mainte- 
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nance and low life-cycle cost comparisons. 
Less emphasis should be placed on initial and 
disposal costs as they were rated the bottom 
(lowest five) for both applications. 

However, limited information on life-cycle 
costs has been identified as one barrier to the 
acceptance of new materials, and in particular 
to composites (Eagar 1995; Hastak and Halpin 
2000) because life-cycle benefit cost assess- 
ments of new products and materials are in- 
herently based on limited long-term cost and 
durability information. Product manufactures 
and the research community may benefit from 
the initiation of the early life-cycle costhenefit 
research for new composite material and prod- 
uct introductions. 

Material performance comparisons suggest 
that composite decking and steel piling prod- 
ucts are generally perceived to possess the 
overall best performance by respondents. Of 
the four materials rated for decking (wood, 
concrete, metals, and composites), results in- 
dicated a preference for the performance of 
composites followed by concrete, wood, and 
lastly metals. Of the four materials rated for 
piling (wood, concrete, steel, and composites), 
steel was generally perceived as the best per- 
forming material for piling, followed by com- 
posites, concrete, and wood. 

Uniformly composites were perceived less 
favorably for cost (highest), and wood was 
perceived most favorably (lowest). Because 
marina respondents rated low initial cost as a 
relatively unimportant piling material attri- 
bute, effectively communicated differentiation 
strategies focused on product performance and 
maintenancenife-cycle costs are suggested. 

wood higher for six and composites higher for 
seven of the eight piling attributes. Floating 
dock systems perceived steel more favorably; 
steel was rated higher for seven of the attri- 
butes. 

This study adds to the literature addressing 
infrastructure decision making by addressing 
product attributes and material comparison in 
decking and piling waterfront applications by 
U.S. marina decision makers. Future studies 
may address perceptions of attribute impor- 
tance and material performance for additional 
building material and infrastructure applica- 
tions and end-user groups. For new materials 
and products, past diffusion research may 
serve as a theoretical context. As develop- 
ments in composite material technology pro- 
vide a larger and more complicated array of 
materials, a more challenging selection pro- 
cess by end-users and/or specifiers will result. 
For increased use of new materials for water- 
front and other infrastructure and building ma- 
terial applications, marketing communications 
efforts should effectively address long-term 
performance and life cycle cost issues. 
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