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EXECUTIVE SUMMARY

Evaluation of Service Life of Noise Barrier Walls in Illinois

Project IB-HI1, FY 1997
Report No. ITRC FR 97-3

November 1999

In Illinois, the Illinois Department of Transportation (JDOT) and the Illinois State
Toll Highway Authority (ISTHA) have constructed over 96 km (60 miles) of highway
noise barriers since 1978. The total cost of these barriers is over $61.5 million in 1995
dollars (FHWA 1996), or slighily more than $1 million per mile. Recent IDOT
construction of new noise barriers has averaged over $1.3 million annually, and new
noise barrier projects are currently planned by both IDOT and ISTHA.

The Illinois Transportation Research Center, a cooperative research unit of IDOT and
twelve public and private Illinois universities, requested this research to assist IDOT in
determining the service lives of the various noise barrier materials and products currently
in use in Nllinois. The scope of this project included:

e development of a means to quantify the service lives of materials used for

construction of noise barriers in Illinois

o development of a life cycle cost mode] for the evaluatlon of alternative materials

o evaluation of the need for potential changes to the Special Provisions for noise

barrier construction currently used by IDOT.
The project included the following specific tasks:

e areview of literature

* asurvey of state DOTSs to develop information on experiences and histories with

noise barrier products

e areview of materials approved by the Illinois Highway Development Council and

used in Ilinois

o a survey of IDOT and ISTHA maintenance personnel to obtain information on

maintenance and replacement histories of [llinois noise barriers, and a field study
to observe and evaluate current conditions of Illinois noise barriers

e development of service life criteria considering structural, functional, and

aesthetic conditions

e development of a life cycle cost model to evaluate alternative materials or

products

o review of specifications used for construction of Illinois noise barriers

e preparation of the final report.

A review of materials used and approved for use in Illinois showed that although ten
noise barrier products have been approved for use by the Highway Development Council,
the majority of IDOT noise barriers (60%) have been constructed of wood or concrete.
IDOT has used 11 different materials to construct over 38 km (24 miles) of noise barriers,
while ISTHA has used only 4 materials for its 59 km (36 miles) of barriers. The majority
(97%) of ISTHA barriers are either wood or concrete.
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Replacement of aged or deteriorated barriers will become an increasingly important
issue in Illinois and across the nation within the next decade. Field observations and
discussions with IDOT personnel indicated that most Illinois highway noise barriers have
performed their intended function with minimal maintenance. However, two materials
exhibited significant, rapid deterioration after installation. The current conditions of
Illinois noise barriers was determined by field observation of noise barriers by the
researchers and a survey of maintenance personnel] in IDOT Districts 1,2,4,6, and 8. The
maintenance survey gave new information regarding the maintenance and replacement
histories and costs, and the observations and opinions of maintenance personnel
regarding expected service life of the noise barrier materials currently in use in the state.
Two barrier sections were rated "failed, needs replacement” by the maintenance survey: a
tropical hardwood barrier in District 1, and a steel barrier in District 8.

The 40 states having noise barriers (FHWA 1996) were surveyed regarding their
experiences with noise barriers and noise barrier materials; 30 states (75%) completed the
survey. The information obtained showed that nationally, less than 1% of noise barriers
(by length) have been repaired or replaced, although one material, metal, had been
repaired or replaced by 20% of the states responding to the survey. There was no
consensus among survey respondents on the average service life of noise barriers,
although 20 years was considered a minimum. Routine inspection of noise barriers for
structural integrity or acoustical performance is not being performed by most states
responding to those questions.

The information obtained through review of the literature, surveys of other state
DOTs, surveys of IDOT maintenance personnel and the field observation of barriers
provided data for the researchers to estimate the service lives of the materials and
products in service in Illinois. These estimates, which varied from a low of 25 years for
wood and metal products to a high of 50 years for earth berms, concrete, and fiberglass,
were subsequently used in developing a life cycle cost model fo evaluate alternative
materials.

Tt was found that, for the assumptions used in the analysis, earth berms represented
the lowest cost alternative among the materials currently in service in Illinois. Metal
barriers with absorptive panels were estimated to have the highest life cycle cost. The
life cycle costs of all other materials currently in use in Illinois fell within a narrow range
of $28.00 to $32.00 per sq. ft. Based on the assumptions used in this analysis, the life
cycle costs of 8 of the 11 materials currently in use by IDOT are sufficiently similar that
economically justifiable choices can be made from any of these materials. However, due
to the importance of costs associated with the frequency of repairs and replacement, and
the difficulty in obtaining reliable data on which to estimate such costs, it is
recommended that life cycle cost analysis not be used as the sole criterion for selecting
noise barrier materials.

A review of specifications was conducted since adequate specifications are an
important factor in the service life of a noise barrier. Based on a limited number of
specifications provided by Districts 1 and 8, and ISTHA, it is recommended that noise
barrier specifications be standardized and incorporate a number of specific topics
synthesized from the literature. It is expected that these changes will improve the
performance of future noise barriers constructed in Illinois.
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CHAPTER 1
INTRODUCTION

In the past three decades, highway noise has been recognized as a problem
affecting many Americans living close to high~speed high-volume roadways. Federal
legislation addressing the issue of highway noise culminated in the United States Code of
Federal Regulations Part 772 (23 CFR 772), "Procedures for Abatement of Highway
Traffic Noise and Construction Noise". This regulation and subsequent federal policies
give the states latitude in determining the need for and type of highway noise abatement.
However, most noise abatement projects nationwide have involved the construction of a
physical barrier between the noise generator and noise receptors (FHWA 1989). The
most recent data show that over 2121 km (1318 miles) of noise barriers have been built in
the United States since the early 1970s, at a total cost of over $1.4 billion (1995 dollars)
(FHWA 1996). '

In Ilinois, the Illinois Department of Transportation and the Illinois State Toll
Highway Authority have constructed over 96 km (60 miles) of noise barriers on
highways in their respective jurisdictions; the total cost of Illinois noise barriers is over
$61.5 million (1995 dollars) (FHWA 1996). Illinois’ noise barrier construction began in
1978 with an earth berm along Illinois Route 4 in Springfield. Other early walls include
additional earth berms in Springfield (1979), two types of precast concrete walls in the
Rockford area (1979-1980), and glue-laminated wood walls in Bolingbrook (1980) and
nghland Park (1982) A total of thirteen different materials or products have been used
for noise barriers in Illinois. While the majority of these noise barriers have performed
well, some have exhibited significant deterioration within a short period of time. In
addition, there are many new products being introduced into the noise barrier market that
are not typical in highway construction, the long-term durability of which is unproven in
field tests.

It is important for designers to have information with which to make rational choices
between the materials available. Recent noise barrier construction by IDOT has averaged
$1.3 million per year, and construction of new noise barriers is expected to continue.
Currently IDOT is studying four new noise barrier sections on new alignment in District
8. In District 1, one mile of barriers is scheduled for construction on I-55 (Stevenson
Expressway), and existing barriers on IL 83 are being extended between 551 and 58™
Streets. New noise barriers are being planned on Business Route 55 in Bloomingion
(District 3). The ISTHA is also currently planning construction of additional noise
barriers in Downer’s Grove.

In addition to planned new construction of noise barriers, replacement of existing
barriers will become an increasingly important issue in the next decade, in Illinois and
across the country. Figure 1-1 shows the national trend in annual noise barrier
construction by length based on data reported to the FHWA through 1995; 2121 km of
barrier had been built as of the end of 1995 (FHWA 1996). Although there have been
substantial fluctuations from year to year, the general trend is increasing annual length




constructed. Figure 1-2 shows the cumulative percent of length constructed annually. As
of 1996, 37% of the barriers are at least 10 years old; however, only 3% are at least 20
years old, a common design and service life criterion (Chapter 3). If each barrier's
service life were 20 years, then 20% of the U.S. noise barriers (425 km) will require
replacement by 2001; approximately 33% (687 km) will require replacement by 2005,
and nearly 50% (1032 km) will require replacement by 2008; by 2015, all the barrier
length constructed through 1995 (2121 km) will require replacement (Figure 1-3). If the
barriers have a 50-year service life, then replacement will begin in 2020 (0.05%, or 1 km,
of barrier). (All these calculations neglect 9 km of barrier, which is 0.42% of the length
constructed as of 1995, that cannot be assigned a construction year (FHWA 1996).)

Figure 1-1. Noise barrier length constructed annually.
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Figure 1-2. Cumulative percent of noise barrier length constructed annually.
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Figure 1-3. Cumaulative percent of barrier length requiring replacement for service
lives of 20 to S0 years.
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Figure 1-4. Illinois noise barrier walls constructed annually.
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In November 1995, the Illinois Transportation Research Center (ITRC), a cooperative
research unit of the Illinois Department of Transportation (IDOT) and twelve public and
private Illinois universities, held a seminar on environmental issues in transportation.
The roundtable discussions at that seminar yielded a number of research problem
statements in the areas of highway noise abatement, air quality, and water quality. One
of the problem statements developed dealt with the issue of the evaluation of the service
life of the materials and products that had been used, or were approved for use, by IDOT.




Jife of the materials and products that had been used, or were approved for use, by IDOT.
Development of that problem statement into a Request for Proposals ultimately led to the
initiation of this research project in September 1997. The Illinois State Toll Highway
Authority (ISTHA), although not a member of ITRC, is cooperating in this study.

The purpose of this research is to assist the JDOT in determining the service life of
the various materials and products already in service in Illinois. The scope of the project
included:

o development of a means to quantify the service lives of materials used for

construction of noise barrier walls in Illinois

e development of a life cycle cost model for the evaluation of alternative materials

e evaluation of the need for potential changes to the Special Provisions for noise

wall construction currently used by the IDOT.

Tn order to complete the project, work was divided into eight distinct tasks, as follows:

Task A: Literature Review—Review of published information about noise barrier
maintenance and service life for various materials, as well as literature dealing
with methods to evaluate service life and model life cycle costs, from technical
journals, popular media, and vendor literature.

Task B: Maintenance Survey—Develop and administer a survey of state DOTs,
manufacturers and industry representatives to obtain information on experiences
and histories with various noise wall materials and products. _

Task C: Materials List—Develop a comprehensive list of materials used for noise barrier
walls by IDOT, ISTHA, and states with climates similar to Jllinois and a list of
products pre-approved by the Illinois Highway Development Council.

Task D: Current Conditions Survey—Survey IDOT maintenance personnel in Districts 1,
2,4, 6, and 8§ and the ISHTA to obtain their assessment of current conditions of
the noise barriers, including information on replacements, maintenance
histories, and other pertinent information; observe and evaluate current
conditions in the field.

Task E: Service Life Criteria—Develop a checklist of factors that determine the
serviceability of a noise barrier wall, considering structural, functional, and
aesthetic conditions.

Task F: Life Cycle Cost Model—Develop a life cycle cost model using the information
collected in the previous tasks.

Task G: Specification Review—Determine whether improvements in the specifications
used for the construction of noise barrier walls would yield benefits in terms of
reduced construction and maintenance costs. : _

Task H: Final Report—DPrepare a final report that includes a summary of the findings of
the above-named tasks, conclusions drawn from those findings, specific
recommendations for improving specifications, if needed, and recommendations
for the use of life cycle costing as a criteria for material selection for noise
barrier walls in Illinois.

This report is a summary of the findings of the research project, which began on

September 26, 1997, and concluded on January 31, 1999. The report arrangement will

follow the outline of tasks listed above. Chapter 2 contains the review of literature




the findings are given in Chapter 3. The material approval process and listing of IDOT-
approved materials is given in Chapter 4. The current condition of noise barrier walls in
Tlinois is discussed in Chapter 5. Service life criteria for noise barriers are developed in
Chapter 6. The use of life cycle costing for Illinois noise barriers is discussed in Chapter
7, and a mode] for comparing different materials is developed. The specifications used
for Illinois walls are discussed in Chapter 8 and compared to problems observed in the,
field or noted in the current condition survey. The report is summarized and conclusions
drawn in Chapter 9.

Appendix A contains copies of the two surveys used to obtain data for this project.
Appendix B contains the data and computations used in the life cycle cost analysis.

Appendix C is a photographic index of noise barriers observed by the researchers in
Illinois, Michigan, and Missouri during the course of the study.




CHAPTER 2

REVIEW OF LITERATURE

2.1 Background

Because the history of highway noise barriers in the U.S. spans fewer than 30 years,
the issue of the service life of the materials and products used in barrier construction has
not been a research priority; the majority of noise barriers are relatively new and have not
exhibited significant deterioration. The focus has instead been on developing computer
models of noise propagation, models to optimize the placement, length and height of
noise barriers, and models to analyze the acoustical effectiveness of noise barriers. An
analysis of past studies indicates that the research to date has focused on four basic areas
(Bowlby 1992):

' improving noise prediction modeling

¢ evaluating noise barrier (acoustical) performance

e analyzing multiple refractions between parallel noise barriers

 investigating meteorological effects on traffic noise propagation.

In a 1983 Federal Highway Administration (FHWA) workshop to identify research
needs in the area of highway traffic noise, participants identified and ranked 51 items. Of
these 51, only one, “National Physical Design Criteria Based on Risk Analysis and Life
Cycle Costing," appears to address the issue of life cycle cost; the topic placed 16" in the
rankings. Of the top eleven research needs identified by the workshop participants, seven
were related to computer modeling. None of the remaining four topics included a study
of material durability or service life issues (Hatano et al. 1987). In subsequent updates of
this list of research needs (TRB 1992; TRB 1997), the issue of service life of noise
barrier walls has not been rated as a priority issue. Klinger et al., in a 1996 report for the
Texas Department of Transportation (TxDOT), found during their literature review that
maintenance and construction issues have not been well-studied, in part because of the
difficulty of obtaining data on construction and maintenance costs.

The researchers reviewed over 100 published reports on highway noise barriers and
found no study devoted solely to the topic of determining the service life of highway
noise barriers. However, a number of studies have examined problems related to the
present study. These include life cycle cost analysis, highway maintenance, and material
selection process, which covers the comparative study of material cost, aesthetics, and
durability.

2.2 Service Life

Defining the term “service life” is a necessary first step in comparing the performance
of various noise barrier wall materials and products. Although it would perhaps seem
intuitive that the service life of a material is the length of time it remains in useful
service, a precise and comprehensive definition has not been found in the context of noise
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barriers, which must function acoustically, aesthetically and structurally. In the literature,
the term is often used without definition.

Bowlby (1992), in a comprehensive survey of state highway agencies' experiences
with noise barriers, called service life a very important issue that is often overlocked in
comparing the costs of different barrier systems. Bowlby did not define service life, but
uses the term interchangeably with "expected life".

Klinger et al. (1996) make reference to service life but do not explicitly define the
term. The implication of the reference is that service life is synonymous with durability
with regard to resistance to weathering and to vehicle impact. The authors developed
performance criteria for noise barrier design, including aesthetic, acoustic, traffic safety
and structural performance, but did not establish any criteria for determining the point at
which a barrier is no longer serviceable.

A technical evaluation of the performance of noise barriers was reported by the
Highway Innovative Technology Evaluation Center (HITEC), which published
guidelines for the evaluation of highway noise barriers (IIITEC 1996). The report
addresses the standard tests that can be used to evaluate the following key performance
issues: :

e mechanical connection of panel to post

¢ system durability

e repairability

e drainage
access
erection

e aesthetics

o panel cap

o panel strength

s cost

» acoustical properties :

Although the report does not use the terminology “service life,” its description of
system durability concludes that materials used for noise barriers must “exhibit a
minimum predicted maintenance-free life span of 20 years under the expected service
conditions.” In this context, service life is equated with the maintenance-free life span.

A definition of the term "service life" was found in a study of highway culverts and
drainage pipe. Although the product itself is unrelated to noise barriers, the definition of
service life is applicable. Gabriel (1998) defined the service life of drainage pipe as the
projected years of reliable, low-maintenance service measured from. the time of
installation. Durability of a matefial was described as a means of stating and comparing
service lives, not as a synonym for service life.

Flodine (1991), performing an analysis and cemparison of various noise barrier
alternatives for the Colorado DOT, assumed unequal design lives for the eight materials
studied. Although the term service life is not used in the report, and the term design life is
not defined, it can be inferred that the design life is the length of time the noise barrier is
expected to remain in service before replacement. Bowlby (1992), referring to the
Flodine report, interprets design life to mean service life.




Some studies have considered the acoustic properties of a noise barrier as a
component of the service life, in addition to the durability of the material of which the
barrier is constructed. Because noise reduction is the initial and principal justification for
constructing noise barriers and holes or openings in a wall can significantly reduce
acoustical effectiveness (Cohn 1981), it would seem reasonable that continued acoustical
effectiveness over time should be a consideration in determining service life.

Anday (1978), in an early review of Virginia DOTs material selection process for
noise barriers, discussed potential durability and maintenance problems for wood, steel
and concrete noise barriers. Warpage of wood panels, which according to Anday would
"render the entire barrier acoustically ineffective," would necessitate replacement of the
affected panels. Although the author does not use the term service life, the implication is
that acoustic function is an important consideration in determining the end of a barrier's
life.

Flodine (1991) also reported that shrinkage cracks in wooden noise barriers
significantly reduce the acoustical effectiveness by allowing up to 8% of the barrier
surface area to become sources of potential sound leaks. The report does not attempt to
relate a minimum acceptable level of noise reduction to a barrier's service life.

Aesthetics may also be an important consideration in the determination of the service.
lives of noise barriers because of the importance of public perception of barriers. Anday
(1978) noted that the broader definition of barrier performance places significant
emphasis on public choice and aesthetics. Bowlby (1992) stated that appearance plays a
critical role in the public acceptance of noise barriers. Billera et al. (1997) rated a noise
barrier's positive aesthetic impact on a community's built environment second in
importance only to acoustic effectiveness. Herman, Finney et al. (1997) found that public
perception of the acoustical effectiveness of a barrier was linked to perception of the
appearance of the barrier. Public input, which in some states plays heavily in the initial
choice of noise barrier materials, may also play into the determination of the end of a
noise barrier's useful life. However, nothing was found in the literature to substantiate
this assumption.

In summary, the literature tends to regard the service life of noise barriers as a
function of the durability of the material, although references to other considerations such
as the acoustic effectiveness and aesthetics are made. It does not appear that criteria have
been developed for quantifying a minimally acceptable level of service for noise barrier
performance.

2.3 Life Cycle Cost Analysis

Life cycle cost analysis (LCCA) is the process by which the total cost of constructing,
operating, and maintaining a structure throughout its life is accounted. Using compound
interest factors based on a chosen interest rate and a given time period for the economic
analysis, future costs such as annual maintenance, rehabilitation, and eventual
replacement of a structure can be brought to an equivalent present value and added to the
initial construction cost. Alternatively, the present value of the construction cost and any
future rehabilitation and replacement costs can be converted into equivalent uniform
annual costs and added to the anticipated annual maintenance costs. Using the concepts




of engineering economics, it is therefore possible to compare products that have different
anticipated life spans or maintenance requirements. Life cycle cost analysis is commonly
used as a decision-making tool in studying and evaluating the cost of alternatives and
may be required for some projects. Under the National Highway System Designation Act
of 1995, states are required to conduct LCCA of each usable project segment on the
National Highway System with a cost of $25 million or more (FHWA 1996a).

However, in order to be meaningful, life cycle cost analysis must be based on reliable
historical cost data (Dhillon 1989), including initial construction cost as well as operation
and maintenance costs. An accurate value for the useful life of the material and a
reasonable interest rate for the economic analysis are also required. The literature review
indicates that this type of reliable historical data is largely unavailable for noise barrier
walls and that the life cycle cost analyses that have been performed rely on assumptions
regarding noise barrier life spans, maintenance requirements, and even the initial
construction cost.

2.3.1 Initial Construction Cost

The most comprehensive data on noise barrier cost is found in the Federal Highway
Administration (FHWA) summaries published approximately every two years. This
database of noise barrier costs is collected from the individual state highway agencies
(SHAs) and summarizes the noise barrier location, height, length, cost per unit length,
date of construction, and total construction cost of all noise barriers constructed to date

by SHAs in the U.S. and Puerto Rico (FHWA 1996). The construction costs are indexed

biennially to account for highway construction cost inflation (Armstrong 1998). Weiss
(1988) reported that the construction cost information contained in the FHWA summaries
must be considered “estimates” due to the many differences in noise barrier cost
reporting among SHAs. It is not possible to tell whether the reported costs include or
exclude foundations, earthwork, drainage, landscaping, or other costs that may be related
to noise barrier construction. Bowlby (1992) also addressed the inconsistencies in the
SHAs’ reporting of noise barrier costs, as well as the many variables in determining the
cost of noise barriers. The costs of labor, transportation, and foundations, and the manner
in which a contractor prices noise barriers in a bid package, and other factors may affect
the cost.

2.3.2 Maintenance Requirements

Klinger et al. (1996) called maintenance a major component of the life cycle cost of
noise barriers but noted that data on maintenance costs was lacking. The cost of
maintenance can include upkeep of landscaping and mowing, snow and trash removal,
graffiti removal, repair of barriers damaged by vandalism, vehicle crashes, and the
actions of weather, application of paint, stain or water sealer, and washing or steam-
cleaning (Ceran 1992). A review of several studies showed that maintenance costs are
often left out of comparative analyses of noise barrier walls.

A recent study performed for the Pennsylvania Department of Transportation (Lin
1997) evaluated the cost-effective alternatives for highway noise barriers, developed a
comprehensive comparison of barrier performance and costs, and proposed field testing
methodology for evaluating new noise barrier materials. The study provides a recent




comparison of the initial construction cost of a wide variety of proprietary and non-
proprietary noise barrier products and does contain some elements of a life cycle cost
comparison of these products. Seven criteria for evaluating noise barriers were
identified:

e noise abatement efficiency

e cost
» structural integrity
s safety

» constructability

» aesthetics

‘e use of recycled materials.

The researchers used a panel of highway noise experts to rank 22 proprietary and five
non-proprietary noise barriers on the basis of these seven criteria. A comprehensive
study of the construction costs for each barrier type was also performed. The
components of the total cost of noise barrier construction were identified as the costs of
materials, installation, transportation, and maintenance. FHowever, it was found that
including transportation and maintenance costs was impractical. The transportation cost
for each noise barrier is a function of several variables, including the project location,
weight and size of noise barrier panels, and distance of the haul from the manufacturer to
the construction site. Data on each of these variables was not available, making accurate
computation of transportation cost impossible. Maintenance costs were also dropped
from the cost computation due to lack of data. The researchers contacted six state DOTs
and got similar responses from each; there is no maintenance cost data because
preventive maintenance is seldom done on noise barrier walls. Manufacturers contacted
for maintenance data typically responded that their respective products were maintenance
free.

After computing the construction cost on the basis of material and installation costs,
the researchers converted these present value costs to equivalent uniform annual costs.
The conversion was made in order to compare on an equivalent basis the costs of noise
barriers having different initial construction costs and unequal anticipated life spans. This
is similar to the concept of life cycle cost analysis but differs in two important ways.
First, the life spans used for the noise barriers analyzed were those given by the
manufacturers. In the case of one product, the manufacturer reported an anticipated life
span of 100 years. Second, the analysis did not include future costs, such as periodic
maintenance or repair. The analysis did allow the relative ranking of the noise barriers,
based on the stated assumptions.

Flodine (1991) performed a life cycle cost analysis (LCCA) of eight materials in an
effort to show whether the use of products with low initial cost was cost effective for the
Colorado DOT when the unequal lives of various products was considered. The analysis
compared wood, precast concrete, masonry, aluminum, steel, Durisol, cast-in-place
concrete, and plastic. The LCCA considered only two variables: the initial construction
cost of a barrier 10 feet high and the estimated design life of the barrier. An interest rate
of 4% and an analysis period of 40 years were chosen. The initial construction cost was
obtained from actual projects for two barriers, from manufacturers’ quotes for three
barriers, and from published information on costs from other state DOTs for the
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remaining three barriers. The estimated design life of each material varied from 15 years
for wood to a maximum of 40 years for concrete, masonry, and two proprietary products.
The report contains no explanation of the values used for the estimated design lives of the
eight materials analyzed, but it may be inferred that the values reflect the experience and
perceptions of the Colorado DOT. Colorado made heavy use of wood noise barriers
during the early years of its barrier construction (FHWA 1996), with disappointing
results (Flodine 1998). The analysis included no numerical values for future costs of
maintenance but made subjective comments on the advantages and disadvantages of each
material. The results of this simplified analysis can be interpreted to show that even with
a greatly reduced expected life span, wood walls were cost competitive with masonry and
precast concrete walls.

Tn summary, the literature indicates that some states have considered life cycle cost
analysis in the selection of noise barrier products and in comparing the cost effectiveness
of past selections. However, the analysis is hampered by the lack of reliable historical
data on initial construction and maintenance costs.
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CHAPTER 3
MAINTENANCE SURVEY

3.1 Introduction

To obtain an indication of in-field performance and actual service lives of various
noise barrier materials as well as life cycle cost analysis (LCCA) data, a mail survey was
distributed to state DOTs. The survey is reproduced in Appendix A. Methods
recommended by Salant and Dillman (1994) were used to develop and distribute the
survey. Originally only a limited number of states with climates similar to Illinois were
going to receive the survey. However, due to the limited field experience with noise
barriers in many of these states, all states with noise barriers in the 1996 FHWA report
(FHWA 1996) received the survey in the summer of 1998.

3.2 Survey Results

Of the 40 surveys mailed, 30 were returned eitber partially or entirely completed,
resulting in a response rate of 75%. In addition, one state responded by telephone that
there was only one barrier (a gravel berm) in the state; therefore, they felt the survey was
not applicable. Including this state, the overall response rate was 77.5%. Illinois did not
complete this survey but did complete a similar current condition survey discussed in
Chapter 5. Unless otherwise indicated, the percentages reported below are based on the
30 responses.

3.2.1 Policies

Part T of the survey dealt with policies concerning noise barrier service life, LCCA,
design, and use of recycled materials. These questions were designed to assist the

researchers in developing service life criteria and the LCCA model as well as to obtain
information pertinent to potential specification revisions required in Illinois.

3.2.1.1 Service Life

Question: What is your design life policy for noise barrier walls?

The majority of states (20, or 67%) do not have a design life policy for noise barrier
walls (Figure 3-1). (One of these states did comment that it has a practice of using 20
years as the design life.) For the ten states with policies, the design life ranges from 10
plus to 50 years. However, over half (six of ten, or 60%) of these states use 20 years.
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Figure 3-1. Design life policies for noise barriers.
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Question: What do you consider to be the average service life of a noise barrier wall?

States consider the average service life of a noise barrier wall to be between 20 and 80
years (Figure 3-2). The highest percentage of respondents (eight of 24, or 33%) reported
20 years, but 21% (five of 24) reported 25 years and 21% reported 50 years. Nine of the
ten states that have design life policies also estimated an average service life. Of these
states, 44% (four of nine) consider the average service life to be the same as the design
life policy while 33% (three of nine) consider the average service life to be greater and
22% (two of nine) consider it to be less than the design life. In the latter case, the design
life policy is at least twice the estimated service life.

Figure 3-2. Estimated average service life of barriers. '
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Question: Please rank these factors in determining the service life of noise barriers.
The most important factors considered when determining service life are construction

cost and structural performance; 42% of respondents (11 of 26) ranked construction

cost

as the most important factor while 38% of respondents (10 of 26) ranked structural
performance as the most important (Figure 3-3). In decreasing order of importance, other
factors considered are acoustical performance, maintenance cost, and aesthetics. None of
the respondents ranked aesthetics as the most important factor; however, 19% (five of 26)
and 15% (four of 26) ranked acoustical performance and maintenance cost, respectively,

as most important.

3.2.1.2 Life Cycle Cost Analysis

Question: Does your state use LCCA in selecting materials for noise barriers?

Twenty (67%) of the respondents have never used LCCA in selecting materials for

noise barrier walls (Figure 3-4).

Figure 3-3. Factors considercd important in determining service life of noise barriers. !
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I Based on 26 responses. Percentages do not add to 100 because more than
response could be given.
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Figure 3-4. Use of LCCA in selecting materials for noise barriers. !
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One state commented that LCCA had not been considered, and another stated that
“"only block, concrete or earth" is used. On the other hand, two states always use LCCA,
although one commented that LCCA is "at least considered" but that they are "not using a
specific LCCA 'menu.' " Two states sometimes use LCCA, one of which cited
insufficient data as the reason it is not used more frequently. One state formerly used but
abandoned LCCA because "public preferences often precluded [its] use." Two states are
considering using LCCA in the future. One state "uses maintenance history of like
structures of given materials" rather than LCCA. '

Question: Please rank your primary reasons for not using or abandoning LCCA.

The primary reason given by the respondents for not using LCCA is insufficient data. -
In decreasing order of importance, other reasons are unfamiliarity with the analysis
method, pressure to keep initial cost low, and unclear benefits of the method. Two states
commented that they did not build enough barriers to justify using LCCA; another
precertifies barrier materials through ASTM testing.

Question: What inputs do you use, plan to use, or did use in computing life cycle cost?

The most common input considered for LCCA is construction cost. Maintenance and
material costs are also commonly used. Labor, periodic rehabilitation, replacement, and
design costs are used less often. Relocation and disposal costs are rarely considered, and
it appears that discount and inflation rates are generally not considered.

Questions: Do you have a policy regarding rehabilitation and replacement of existing
noise barriers? What is the strategy(ies) for funding replacement and rehabilitation of
walls? '

None of the states responding to the survey have a policy regarding rehabilitation and
replacement of existing noise barriers. The majority of states (19 of 26, or 73%) also do
not have a strategy for funding these activities. All the states reporting a strategy (seven)
use their annual maintenance funds. One state also reported stockpiling replacement
materials. No states reported strategies of considering these activities as a Type II
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project, expecting local jurisdictions to undertake these activities, or establishing a
special fund to finance these activities.

3.2.1.3 Design

Question: Who most often designs the noise barrier walls?

Over half the states often use consultants to design noise barrier walls (Table 3-1).
However, 70% of states most often use in-house staff, either at the state or district level.
Personnel at state headquarters are used over 1.5 times as much as district personnel.
Only one state often used contractors to design barriers. Another state also commented
that they use vendors or manufacturers as well as consultants. Thirty percent of the
respondents listed more than one designer.

Table 3-1. Most frequent noise barrier designer.

Most Frequent Designer States Using !
Consultants 18 (60%)
In-house staff at state headquarters _ 13 (43%)
In-house staff at district (or similar) level 8 (27%)
Contractors 1 (3%)
Other 1 (3%)

! Percentages do not add to 100 because some respondents chose more than one category.

Questions: Please indicate the type of design specifications you use for noise barrier
walls. Have you developed standard noise barrier designs for various materials?

Over half the states use AASHTO design guidelines, although one state commented
that walls were designed with the AASHTO specifications for highway bridges, signs and
Juminaires (Table 3-2). Similarly, 63% of states indicated that they use state
specifications, distributed almost evenly between standard specifications and job-specific
specifications. However, an additional 17% of the states (five of 30} indicated that they
have developed standard noise barrier designs for various materials. If they also use
these standard designs, then 50% of the states (15 of 30) use standard specifications,
which means that 80% of the states (24 of 30) rather than 63% use state specifications. In
addition, one state developed a design manual, and one state commented that the design
specifications are "created by [the] Bridge Division." Few states use vendor
specifications, American Society of Civil Engineers' (ASCE) guidelines, or Uniform
Building Code requirements; none of the states use Naval Facilities Engineering
Command (NAVFAC) requirements. One third (ten) of the respondents indicated that
more than one type of design specification is used. The majority of these states (seven of
ten, or 70%) use two types, generally AASHTO and state specifications.
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Table 3-2. Types of design specifications used for noise barrier walls.

Design Specification 2 States Using !
AASHTO design guidelines 18 (60%)
Standard specifications 10 (33%)
Job-specific specifications 9 (30%)
Vendor specifications 3 (10%)
Uniform Building Code requirements 1 (3%)
ASCE guidelines 1 (3%)
NAVFAC requirements 0 (0%)

" Percentages do not add to 100 because more than one answer could be given.
? ASCE stands for American Society of Civil Engineers, and NAVFAC stands for Naval
Facilities Engineering Command.

3.2.1.4 Recycled Materials

Question: Do you have a policy promoting the use of recycled materials in noise
barrier walls?

Although recycled material is not reported as a separate category to the FHWA,
barriers made of such material would likely be listed in the category "other." This
category accounts for only 1.0% of the total length of single material barriers constructed
between 1970 and 1992 (Figure 3-5), or 2.3% if "other combination" barriers are
included. Therefore, it is not surprising that only two states (7%) have policies
~ promoting the use of recycled materials in noise barrier walls. (Another state commented
that, while they do not have a policy, they "do have a Department initiative.")

Figure 3-5. Percent of total noise barrier length by material type 1970 - 1992.
Source: FHWA 1994

. . Other
Combination 1%
17% J——
Brick ‘ Concrete

1% 33%

Metal

Berm Only
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3.2.2 Material Selection

Part II of the survey dealt with material selection for noise barriers. These questions
were designed to assist the researchers in developing service life criteria as well as to
obtain information pertinent to potential specification revisions required in Illinois.

3.2.2.1 Selection Criteria

Question: What criteria influence the choice of materials for noise barrier walls?

The most important criteria reported in the selection of noise barrier wall materials
were construction cost and durability; over three-quarters of the states are influenced by
each of these issues (Table 3-3 and Figure 3-6). In-state experience with the material
closely follows. Also important are the initial appearance and ability to reduce noise.
Adjacent sites (e.g., neighborhood themes) and maintenance cost are used by almost two-
thirds of the states. Over half are influenced by public requests. Safety issues are an
important influence to only 37% of the states (11 of 30). Fewer than one quarter of the
states consider local availability of material and other states' experiences. Even fewer
states are influenced by the life cycle cost analysis, proximity of material production,
local availability of skilled labor, or using a local labor force. One state commented that.
multiple reflections from parallel walls are also a consideration in material selection.
Another state commented that "local contractors [are] unwilling to use proprietary
products [and] skilled concrete workers [are] available, resulting in cast-in-place
construction." '

3.2.2.2 Material Evaluation

Questions: How does your state evaluate new materials for noise barrier walls? Are

your current evaluation methods adequate indicators of the long-term performance of
noise barriers? Please list additional evaluation methods you recommend.
While other state's experiences were not cited as an important criteria in choosing noise
barrier wall materials, their experiences and data were the most common method used to
evaluate new materials; 63% (or 19) of the states rely on this information (Table 3-4).
This apparent contradiction may be explained by limited budgets and time constraints
making sharing evaluation information attractive while differences between climates, site
conditions, and state policies as well as limited field performance data make it
impractical to use other states' experiences when choosing materials. The other common
method of evaluation (used by 57%, or 17, of the states) is using manufacturer's
literature. Less than one third of states use independent laboratories or trial and error.
Twenty percent (six) use full-scale field demonstrations or in-house laboratory testing.
Other methods used to evaluate materials include plant inspections, Transportation
Research Board A1F0O4 papers and meetings, and consultant recommendations.
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Table 3-3. Criteria that influence the choice of noise barrier wall material.

Criterion States Using
1. Construction cost 23 (77%)
2. Durability 23 (77%)
3. In-state experience 22 (73%)
4. Initial appearance 21 (70%)
5. Noise reduction ‘ 21 (70%)
6. Adjacent sites 19 (63%)
7. Maintenance cost 19 (63%)
8. Public request _ 17 (57%)
9. Safety issues 11 (37%)
10. Local availability of material 6 (20%)
11. Other state's experiences 5 (17%)
12. Life cycle cost analysié 2 (7%)
13. Local availability of skilled 2 (7%)
14. Locally produced material 2 (7%)
15. Multiple use or function 2 (7%)
16. Utilizes local labor force 1(3%)

" Percentages do not add to 100 because more than category could be chosen.

States Using (%)

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16
Criterion from Table 3-3

Figure 3-6. Criteria that influence the choice of noise barrier wall material. !

'Percentages do not add to 100 because more than one category could be chosen.
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Table 3-4. Evaluation methods for new noise barrier wall materials.

Evalnation Method States Using *
Experience of or data from other states 19 (63%)
Manufacturers' literature 17 (57%)
Independent laboratory testing 10 (33%)
Trial and error 8 (27%)
Full-scale field demonstrations 6 (20%)
In-house laboratory testing 6 (20%)

" Percentages do not add to 100 because more than one response could be given.

More than half the states (18 of 26, or 69%) believe their current evaluation méthods
are adequate indicators of the long-term performance of noise barriers. One respondent
commented that the evaluation methods are adequate "if construction and manufacturing
process [are] done properly." Several additional evaluation methods were recommended,
including constructing demonstration projects and monitoring for at least two years,
measuring long-term maintenance and effectiveness, and reviewing and evaluating
warranties (especially to ensure the repair and replacement responsibility is properly
addressed). One state evaluates in-field performance through "structural observations
and public response."”

3.2.2.3 Pre-approval of Materials

Questions: Does your state have a pre-approved list of materials for noise barrier
walls? Do you plan to add to the list of approved materials for noise barriers as new
products become available? Which products have been approved? -

Less than half the states (14, or 47%) have a pre-approved list of materials. Of these
states, 79% (11 of 14) plan to add to their lists as new products become available; the rest
(three of 14, or 21%) do not know if they will add materials. All states with lists have
pre-approved precast concrete products (Table 3-5). Almost two-thirds have pre-
approved berms while half have pre-approved block and metal products. None of the
states have pre-approved plastic or recycled products. One respondent commented that
"any material is approved if it stands up and looks decent."

Question: Do you use absorptive noise barrier walls?

Only one state uses absorptive barriers for all new construction. Approximately half
(15 of 29, or 52%) of the states do not use absorptive barriers while 45% (13 of 29) have
used them at least once as indicated by acoustical requirements. Several states that have
not used absorptive barriers (five of 15, or 33%) believed they were unnecessary. In
addition, respondents commented that they had freeze-thaw concerns, did not have an
approved material as yet, believed "reflection problems [are] greatly over-stated,” or were
still evaluating the cost versus the benefits. One state commented that "reflective steel is
a better material for the life of a barrier."
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Table 3-5. Products on pre-approved lists of materials.

Product! States with Product on List
Berm 9 (64%)
Block 7 (50%)
Faddis
Brick 3 (21%)

Composite 4 (29%)

Carsonite, Crane Cortec,
Durisol, Fiberplank, Sound

Zero -
Cast-in-place concrete 7 (50%)
Precast concrete 14 (100%)

Boxco/Soundtrap, Brickcrete,
Faddis, Fanwall, LSE
1000/2600, Monowall,
Sidley, Soundcore, Spancrete

Metal 7 (50%)
Armco, Industrial Acoustics,
Soundscreen
Plastic 0 (0%)
Recycled 0 (0%)
Hardwood 6 (43%)
Soft wood 5 (36%)
Timbrtech ‘

I Trade names do not account for all the pre-approved materials in a particular category.

3.2.2.3 Absorptive Barriers

3.2.3 Material Performance

Part II of the survey also dealt with in-field performance of noise barriers. Similarly,
these questions were designed to assist the researchers in developing service life criteria
as well as to obtain information pertinent to the LCCA modeling and potential
specification revisions required in Illinois.
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3.2.3.1 General Performance

Questions: Based on your state's experiences, check all that apply regarding the
negative (positive) performance of noise barriers made of these materials.

Respondents reported on the performance of 11 noise barrier materials in the
following categories—construction cost, maintenance cost, acoustics, aesthetics, and
structural performance. The percent of states reporting positive performance of specific
materials ranged from zero to 67 while the percent reporting negative performance
ranged from 13 to 43 (Table 3-6). Two-thirds (20) of the states reported positive
performance of precast concrete products, and over half the states (17, or 57%) reported
posifive performance of berms. No states reported positive attributes of recycled
products, and only one state reported a positive performance for a plastic product. In
three of the five categories (construction cost, maintenance cost, and aesthetics), berms
received the highest percentage of favorable comments (Table 3-7 and Figure 3-7).

Table 3-6. Performance of noise barrier wall materials.

States Reporting Performance Ratio of Positive to
Material Positive Negative Negative Comments
Berm 17 (57%) 13 (43%) 1.3
Block 9 (30%) 7 (23%) 1.3
Brick 5(17%) 6 (20%) 0.8
Composite 4 (13%) 4 (13%) 1.0
Cast-in-place Concrete. 11 (37%) 5 (17%) 2.2
Precast Concrete 20 (67%) 6 (20%) 33
Metal 7 (23%) 11 (37%) _ 0.6
Plastic - 1(3%) 7 (23%) 0.1
Recycled 0 (0%) 4 (13%) _ 0.0
Hardwood 6 (20%) 9 (30%) 0.7
Softwood O 4(13%) 8 (27%) 05

Precast concrete received the highest percentage of favorable comments in the other
two categories (acoustics and structural performance); however, berms were a close
second in terms of acoustics. There was less variation among responses in terms of
negative performance (Table 3-8 and Figure 3-8), although metal walls received the
highest percentage of negative comments for maintenance costs and hardwood barriers
received the highest percentage of negative comments for acoustics. Precast concrete and
cast-in-place concrete received the highest ratios of positive to negative comments (Table
3-6). The only other ratios over 1.0 were for berms and block walls.
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Table 3-7. Areas of positive performance.

Cost! (Percent) Performance * (Percent)
Material Construction Maintenance Acoustic Aesthetic  Structural

Berm 71 (40) 71 (40) 76 (43)  65(37) 29 (17)
Block 22 (7N 44 (13) 56 (17) 44 (13) 56 (17)
Brick 00 20 (3) 40 (7) 100 (17) 60 (10)
Composite 25(3) 75 (10) 75(10) 100 (13) 75 (10)
Cast-in-place Concrete 18 (7) 64 (23)  55(20)  36(13) 73 27)
Precast Concrete 35(23) 50 (33) 70 (47) 40 (27) 75 (50)
Metal 57 (13) 57(13) 57(13) 43 (10) 43 (10)
Plastic 0(0) 0 (0) 100 (3) 00 0 (0)

Hardwood 67 (13) 50 (10) 67(13)  67(13) 67 (13)
Softwood 75 (10) 25 (3) 75 (10) 50(7) 50 (7)

! Percentages within parentheses are percents based on 30 responses. Other percentages -
are based on the number of states reporting a positive performance of a material (Table
3-6). For example, 17 states reported positive performance associated with berms; 71%
(12) of these 17 states reported low construction costs.

Table 3-8. Areas of negative performance.,

Cost ! (Percent) Performance ! (Percent)
Material Construction Maintenance Acoustic Aesthetic  Structural
Berm 15 (7) 15 (7) 00)  15(7) 8 (3)
Block 71 (17) 57 (13) 0 (0) 0(0) 14 (3}
Brick 100 (20) 33(7) 0 (0) 0(0) 0O
Composite 50 (7) 25(3) 0 25(3) 100 (13)
Cast-in-place Concrete 80 (13) 0(0) 00 20 (3) 0 (0)
Precast Concrete 33(7) 173 0 50 (10) 0 (0)
Metal 27 (10) 64 (23) 9(3) 55 (20) 27 (10)
Plastic 43 (10) 57 (13) 0(0) 86 (20) 29 (7
Recycled 25(3) 25 (3) 0(0) 50 (7) 100 (13)
Hardwood 22 (7) 22 (7) 56 (17) 67 (20) 44 (13)
Softwood 25 () 25 (7) 37(10)  50(13) 37 (10)

! Percentages within parentheses are based on 30 responses. Other percentages are based
on the number of states reporting a negative performance of a material (Table 3-6.).
For example, 13 states reported negative performance associated with berms; 15% (2)
of these states reported high construction costs.
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Figure 3-7. Percent of states indicating positive performance of barrier materials. !
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Figure 3-8. Percent of states indicating negative performance of barrier materials, !
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3.2.3.2 Berm Performance

While berms were ranked second-highest in positive performance, they also received
the highest percent (43%) of states reporting negative performance (Table 3-6). Right-of-
way availability is the major constraint associated with berms; 69% of the respondents
reporting negative performance noted this characteristic. In fact, 54% of the respondents
reporting negative performance noted only this negative characteristic. One state
reported poor aesthetic performance due to erosion and landscaping problems. Another
state commented that "berms are best, when adequate space [is] available." In support of
this comment, berms have performed well in miost categories investigated (Table 3-7 and
Figure 3-7); good structural performance may be the only exception. Fewer than one-
third of the respondents reporting positive performance noted good structural
performance; however, only one respondent actually reported poor structural
performance (Table 3-8 and Figure 3-8). Positive comments included "blends well with
local environment" and "well accepted by near residents.” One state commented that
"berms are used whenever space allows due to costs, acoustic absorption, and aesthetics."

3.2.3.2 Block Performance

While 30% (nine) of the states reported positive performances of block walls, 23%
(seven) reported negative performances (Table 3-6). This material performs well
acoustically and structurally according to five of the nine states reporting positive
performance (Table 3-7 and Figure 3-7). However, one state commented that a wall
cracked from settling. Four respondents on positive performance listed good aesthetic
performance. One state commented that block has "very high public approval." The
main negative criterion is the construction cost (Table 3-8 and Figure 3-8), but four
respondents also noted high maintenance costs, although an equal number reported. low
maintenance costs. Two states commented on the high cost of labor for installation while
another commented that these types of walls are "easy to install with local labor."

3.2.3.3 Brick Performance

Five states reported positive and six reported negative performance of brick (Table 3-
6). The walls have performed well aesthetically according fo all the respondents
reporting positive performance (Table 3-7 and Figure 3-7), and three of these respondents
reported good structural performance. One respondent commented that there "have been
many good comments on [their] brick walls from residents and [they]-have also
performed well structurally." However, brick walls are expensive to construct according
to all six respondents reporting negative performance (Table 3-8 and Figure 3-8). Two
states commented on the high cost of labor for installation. The only other negative
performance noted was maintenance cost. Although it was not reported in the survey,
structural failure has occurred on a brick wall in Michigan, as reported in Chapter 5.

3.2.3.4 Composite Performance
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Four states reported positive performance while four others reported negative
performance of composite walls (Table 3-6). Two states commented on the lightweight
nature of composites and ease of maintenance, including the ease of removing paint. All
the states reporting positive performance noted good aesthetics of the walls, and three of
these states reported low maintenance costs as well as good acoustical and structural
performance (Table 3-7 and Figure 3-7). However, all the respondents reporting negative
performance noted poor structural performance (Table 3-8 and Figure 3-8). One state
reported a framing and connection failure while another reported that the "acoustic panels
debonded from the precast concrete panels."

'3.2.3.5 Cast-in-Place Concrete Performance

Eleven states reported positive performance of cast-in-place concrete while only five
reported negative performance (Table 3-6). Barriers from this material were reported to
perform well structurally and have low maintenance cost according to 73% (eight) and
64% (seven) respectively of the states reporting positive performance (Table 3-7 and
Figure 3-7). One state commented that this material is "useful where safety and use as a
retaining wall are important." Another state commented that maintenance is easy. The
major drawback, according to the states reporting negative performance, is the
construction cost (Table 3-8 and Figure 3-8). One state commented that the "labor to
form and pour cast-in-place concrete is [the] most expensive process.” Another state
reported that, in general, "concrete [is] very durable but 'stark' in appearance if not
heavily vegetated [but it has] no maintenance cost."

3.2.3.6 Precast Concrete Performance

Over three times the number of states reported on the positive performance of precast
concrete as reported on its negative performance (20, or 67%, versus six, or 20%) (Table
3-6). According to the states reporting positive performance, precast concrete performs
well structurally and acoustically (Table 3-7 and Figure 3-7). While fewer states reported
low construction cost, one state commented that all the materials included in the survey
have high construction cost except precast concrete. Another state commented that
precast concrete "has been used frequently due to [low construction] cost." Two states
commented on the ease or speed of installation. For those states reporting negative
performance, aesthetics was the most common problem (Table 3-8 and Figure 3-8). One
state commented that "concrete color was inconsistent throughout a project," and another
commented that it is "hard to form both sides to provide aesthetics." Another state
commented, in general, that "concrete [is] very durable but 'stark' in appearance if not
heavily vegetated [but it has] no maintenance cost."

3.2.3.7 Metal Performance

For metal barriers, 23% (seven) of the states reported positive performance while 37%
(11) reported negative performance (Table 3-6). For those states reporting positive
performance, the same number (four, or 57%) reported low construction, low
maintenance cost, and good acoustical performance for metal barriers (Table 3-7 and
Figure 3-7). Comments received include that metal walls "can be relocated if necessary™
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and that they are "relatively easy to clean." In addition, one state commented that a wall
built in 1980 "still looks good." While there was consistency among the reports on
positive performance, there was less consistency among the reports on negative
performance (Table 3-8 and Figure 3-8). The main complaints were the high cost of
maintenance (64%) and poor aesthetics (55%). One state reported "deteriorating
connections [due to] expansion-contraction forces at [the] connections]" resulting in poor
structural performance and flaking surface treatment resulting in high maintenance costs.
Amnother state reported "corrosion problems due to deicing agents." One state commented
that "metal imparts an 'industrial' appearance and has demonstrated structural problems
but is effective, with no real complaints from [the] public.”

Metal has been rejected by 27% (three) of the states reporting negative performance,
or 10% of all the states participating in the survey. One state that rejected metal only
reported high construction cost. The other two states reported high maintenance costs
and poor aesthetic performance. In addition, one of these states reported poor structural
performance.

3.2.3.8 Plastic Performance

Only one state (3%) reported positive performance of plastic noise barriers (Table- 3-
6); this state reported good acoustical performance (Table 3-7 and Figure 3-7). However,
seven states (23%) reported negative performance (Table 3-6). Six of these seven states
(86%) reported poor aesthetic performance (Table 3-8 and Figure 3-8). One state
reported that the plastic barrier was "susceptible to plastic 'creep’ under ultraviolet" light.
Another reported that a "plastic barrier had engineering problems from the start."

Plastic has been rejected by 29% (two) of the states reporting negative performance, or
7% of all the states participating in the survey. Both states reported poor aesthetic
performance. One of the states also reported poor structural performance; the other state
also reported high maintenance costs. :

3.2.3.9 Recycled Material Performance

No states reported positive performance of noise barriers made of recycled materials,
but four states (13%) reported negative performance (Table 3-6.) All the states reporting
negative performance indicated poor structural performance (Table 3-8 and Figure 3-8).
Two (50%) of these states also reported aesthetic problems.

One state (3% of all the states participating in the survey) has rejected a recycled noise
barrier wall. The state reported poor aesthetic and structural performance. Another state
commented that a "wall failed and collapsed" but did not indicate that recycled materials
had been rejected. ' '

3.2.3.10 Hardwood Perfomiance

Nine states reported negative performance while six reported positive performance
with hardwood barriers (Table 3-6). There was consistency among the states reporting
positive performance, with most of the states reporting good acoustic, aesthetic, and
structural performance as well as low construction cost (Table 3-7 and Figure 3-7). Half
the states (three) also reported low maintenance cost. There was less consistency among
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the states reporting negative performance (Table 3-8 and Figure 3-8). Five states
reported poor acoustic performance, and six states reported poor aesthetic performance.
One state reported that the "heat dries and dulls wood." Another state reported that a wall
had a "faded appearance but [had] no complaints" with the wall. A state commented that
"wood looks real good early but its eventual 'weathered' appearance is not universally
accepted.” However, almost half the states (four, or 44%) reported structural problems,
including warping, splitting, and cracking. In addition, one state commented that
"wooden walls, unless landscaped, are unattractive." A state that does not have any wood
walls commented that "wood walls have proven to be poor performers in other states due
to deterioration as well as poor dimensional stability (warping)." A south central state
commented that wood walls are "perceived as [having] high maintenance and short life in
[their] region" while a southwestern state commented that their state is "too dry."

One state (11% of those reporting negative performance, or 3% of all states
participating in the survey) has rejected hardwood "as originally designed" for noise
walls. This state reported acoustical and structural problems with hardwood barriers.

3.2.3.11 Softwood Performance

Twice as many states reported negative performance of softwood barriers as reported
positive performances (eight, or 27%, versus four, or 13%) (Table 3-6). Three states
reporting positive performance reported good acoustical performance or low construction
cost (Table 3-7 and Figure 3-7). Two states reported good aesthetic and structural
performance. However, four of the eight states reporting poor performance reported poor
aesthetics (Table 3-8 and Figure 3-8). Comments were the same as for hardwood
performance. In addition, one state commented that softwood walls are "susceptible to
surface fire damage," and another noted that "poor quality control at [the] job site...[and]
moisture confrol" were problems.

One state (12% of those reporting negative performance, or 3% of all states
participating in the survey) has rejected softwood for noise barriers. (This state is not the
same state that has rejected hardwood.) The state only reported poor acoustical
performance.

3.2.4 Maintenance

Part III of the survey dealt specifically with the maintenance of noise barriers,
including repairs to and replacements of barriers. These questions were designed to assist
the researchers in developing service life criteria as well as to obtain information
pertinent to LCCA modeling and potential specification revisions required in Illinois.

3.2.4.1 Responsibilities

Questions: Please indicate the portion of the walls for which the state is responsible.
How long is the state responsible for the noise barriers?

Twenty-nine (97%) of the states responding to the survey say the state is responsible
for maintaining at least one side of the noise barriers. (One state did not respond to the
guestion.) Almost 90% (26) of these states are responsible for both sides while the
remaining states are responsible only for the highway side. One state commented that
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they maintain the "structural integrity for the life of [the] wall [and the] aesthetics on
[the] freeway side only" of Type I walls but that a "local agency assumes ownership" of
Type I walls. All 29 states (100%) reported that they are responsible for maintenance
for more than 20 years. One state added that their responsibility extended "for the design
life of the material."

3.2.4.2 Program

Questions: Does your state have a maintenance program for noise barrier walls?
What is the maintenance program?

Less thar half the states have a mainténance program (12 of 29, or 41%). Of those
states with programs, the majority include activities related to aesthetics; 75% (mine)
maintain landscaping (through, for example, mowing and pruning) while 67% (eight)
clean or coat the walls (Table 3-9). Several states commented that the latter activity is in
response to graffiti. Half the states (six) include section replacement in their maintenance
programs. (The reasons for the replacements were not requested in the survey, but based
on other information in the surveys, it is likely generally due to structural damage caused
by vehicles.) Despite the importance of durability and acoustical performance to the -
states when selecting noise barrier materials (Table 3-3), less than half (five, or 42% of
those with maintenance programs, or 17% of all states responding to the survey) conduct
structural or visual inspections of the barriers, and none conduct acoustic testing as part
of their maintenance programs.

Table 3-9. Maintenance programs.

Maintenance Activity States Performing !
Landscaping upkeep 9 (75%)
Cleaning ' 8 (67%)
Coating, painting, or staining 8 (67%)
Repair of minor cracks 7 (58%)
Vegetation removal 7 (58%)
Replacement of wall sections 6 (50%)
Structural inspections 5 (42%)
Visual inspections 5(42%)
Acoustic testing 0 (0%)
Interviews of homeowners 0 (0%)

! Percentages do not add to 100 since more than one response could be given.

Questions: What is the annual maintenance budget for noise barrier walls? What
portion of the funding is used for routine maintenance and major repairs?

Consistent with the states' lack of policy and funding strategies reported regarding
rehabilitation and replacement of walls, little data was obtained from the survey on
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maintenance costs. Only one state reported an annual maintenance budget for noise walls
($300,000). Comments received ranged from "no idea" and "no data" to "as needed" and
"not specific." Similarly, only two states reported the breakdown of funding into routine
maintenance and major repairs; one reported 75% and the other reported 100% goes
toward routine maintenance.

3.2.4.3 Acoustic Testing

Questions: Do you consider failure to meet insertion loss and/or noise level criteria to
be reason to replace a barrier? Has the acoustical performance of existing walls ever
been tested? What is the testing procedure?

‘While one-third (ten) of the states consider failure to meet insertion loss and/or noise
level criteria to be reason to replace a barrier, half (15) do not. This result is in
contradiction to the reported importance of acoustical performance in the selection of
noise barrier materials (Table 3-3). (Except for one respondent who indicated that the
question was not applicable, the remaining four respondents did not answer the question.)
Two-thirds (20) of the states have acoustically tested existing walls, generally following
either ANSI or FHWA procedures. Of these 20 states, four, or 20%, have had walls fail
to meet their testing criteria.

Questions: How frequently is testing conducted?

The frequency of the testing ranges from "often" to "once." Twenty percent (four of
20) routinely or frequently conduct testing. These states do not consider this testing to be
part of a maintenance program (Table 3-9) apparently because the testing is performed at
construction rather than during the barrier's life. One state reported that "every barrier
has before and after measurements to prove effectiveness," and another reported that
testing is conducted "routinely...on each wall if time and equipment is available." Thirty
percent (six of 20) of the states performing acoustic tests do so infrequently while' 45%
(nine of 20) test rarely or have tested only once.

Question: What prompted the testing?

The reported reasons for testing are varied. Twenty percent (four of 20) conduct
testing out of curiosity; another 20% (four of 20) test due to community requests or
complaints, and 30% (six of 20) have tested for research or demonstration projects. In
addition, one state reported a legislative mandate caused testing while another reported
testing in response to a potential legal challenge.

3.2.4.4 Repair and Replacement

Questions: Have you had to repair or replace any walls or are you considering
repairing or replacing any walls? What percent of the walls by length have had to be
repaired or replaced? Please mark why the repairs or replacements were needed.

Over half the states (18 or 30, or 60%) have repaired or replaced noise walls or are
considering repairing or replacing walls. Most of these states (12 of 18, or 67%) have
repaired or replaced 1% or less of their noise walls by length. Of the remaining six
states, only one reported repairing or replacing more than 10% of the length; this state
reported repairing approximately 50% (or approximately 27 km). For all materials, the
main reasons that walls have been repaired or replaced are damage due to traffic



accidents and poor aesthetic or structural performance (Table 3-10). Only one state
reported performing repairs or replacements due to normal aging. (Note that these
figures do not reflect walls that may require repair but are not currently being considered
for repair or replacement.)

Table 3-10. Reasons for repair or replacement of noise barriers.

Reason States That Have Repaired
or Replaced Walls *
Traffic accidents 10 (56%)
Poor performance 9 (50%)
Normal aging 2 (11%)
Natural disaster 1 (5%)

! Percentages are based on 18 responses and do not add to 100 because more than one
reason could be given.

Questions: Were future construction or design specifications changed as a result of
the repair(s) or replacement(s)?

One-third (six, or 33%) of the states that have repaired or replaced walls changed
construction specifications as a result of the repairs or replacements. However, 50%
(nine) of these states have changed design specifications. One state reported that a
"product is no longer used." Another state reported that they "adopted an absorptive
noise wall policy." This state retrofitted 100% of a reflective wall with absorptive panels.
A third state commented the specifications were changed to ensure that the walls "better
withstand vehicular impact.”

Questions: Please complete the following tables for walls that have been repaired or
replaced and for walls being considered for repair or replacement (concerning the
reason(s) for repair or replacement and the age, replacement cost, and replacement
system used).

Of the 11 materials included in the survey, metal has been repaired or replaced the
most often (Table 3-11 and Figure 3-9), despite the small amount of metal barrier by
length constructed (Figure 3-5). No states reported repairing or replacing barriers made -
of recycled materials; however, as stated earlier, at most 2.3% of barriers are constructed
of recycled material. More barriers have been constructed of concrete than any other
single material (Figure 3-5), but only 13% of the states (four of 30) have repaired or
replaced concrete barriers (Table 3-11). (One state reported repairing or replacing both
cast-in-place and precast concrete barriers.) Wood makes up approximately 14% of the
length of barriers constructed (excluding wood barriers used in combination with other
materials), but 20% of the states (six of 30) have repaired or replaced wood barriers.
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Table 3-11. Repairs or replacement of noise barrier materials.

Material Ages Percent of States
(years) Reporting Repairs or Replacements
Berm 5-15 11 (7)
Block 15 50)
Brick ‘ 5(03)
Composite 10 11(7)
Cast-in-place Concrete 19 5()
Precast Concrete 1-10 22 (13)
Metal <1-15 33 (20)
Plastic 1.5-10 17 (10)
Recycled , 0O
Hardwood <I-3 17 (10)
Softwood 0->10 22 (13)

! Percentages within parentheses are based on 30 responses. Other percentages are based
on the 18 states reporting a repair or replacement of a particular material. For example,
two states reported repairing or replacing berms, which represents 11% of those states
repairing or replacing walls or 7% of all states responding to the survey.

Figure 3-9. States reporting repairs or replacements of noise barrier materials. !

' Berm
Softwood 7%,

_’,._..,._.,_... ..... - N: (

=y Brick
< A

3%

Hardwood

10% ‘
Block
39 Cast-in-

Place
Concrete
3%
Plastic
10% / » Precast
Metal Co;;c:;:a‘;e
20%

! Percentages do not add to 100 because various numbers of responses were given.
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Berm. Two states reported repairs or replacements of bermns (Table 3-11). Both states
reported public complaints (Table 3-12). One of the states commented that erosion was a
problem on a 5-year-old berm,; this state "reduced the height and side slopes" of the berm
to solve the problem. The other state placed a precast concrete wall on an existing 15-
year-old berm.

Table 3-12. Reasons for repair or replacement of walls by material type.

Reasons for Repair or Replacement (Percent of States Reporting) 1

Material Appearance Installation Reduced Complaints Safety Structural
Errors IL* Failure
Berm 50 (5) 50 (5) 100 (11)
~ Block 100 (5)
Brick 100 (5) 100 (5)
Composite 50 (5) 100 (11)
Cast Concrete > 100 (5)
Precast Concrete 50011 25(5) 50 25 (5)
Metal 50(17) 33 (11) 17(5) 17(5) 33(11)
Plastic 33 (5) 33 (5) 33(5) 33 (5)
Hardwood 67 (11) 33(5) 67 (11) 67 (11)
Softwood 50(11) 25(5) 75(17) - 25(5)

" Percentages within parentheses are based on the 18 states reporting repairs to and
replacements of walls. Other percentages are based on the number of states reporting a
repair or replacement of a particular material. For example, two states reported
repairing or replacing berms; 50% (one) of these states reported appearance was the
cause, which equates to 5% of the states repairing or replacing walls (one of 18).

2 IL stands for insertion loss.

3 Cast stands for cast-in-place.

Block. Only one state reported repairing or replacing a block wall (Table 3-11),
although block walls make up 25% of the walls by length (Figure 3-5). The wall was 15
years old and developed an appearance problem (Table 3-12).

Brick. Likewise, only one state reported repairing or replacing a brick wall {Table 3-
11). A traffic accident resulted in appearance and structural problems (Table 3-12).

Composite. Two states reported repairing or replacing composite walls (Table 3-11).
Both states reported structural failures (Table 3-12). One of the states replaced a 10-year-
old composite wall with a precast concrete barrier.

Cast-in-Place Concrete. One state reported repairing or replacing a 19-year-old cast-
in-place concrete wall that developed appearance problems (Tables 3-11 and 3-12).

Precast Concrete. Precast concrete barriers have been repaired or replaced by 22%
(four) of the states repairing or replacing walls (Table 3-11 and Figure 3-9). The walls
ranged in age from 1 year to 10 years. One state reported a loss of noise reduction as the
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Metal. More states (six) have repaired or replaced metal walls than walls made of
other materials (Table 3-11 and Figure 3-9). Half these states (three) did so due to the
appearance of the walls (Table 3-12). Other reasons given include car accidents, a fallen
tree, and public complaints about the performance of a new wall that resulted in
absorptive panels being added less than a year after installation. Appearance problems
seem to appear on older walls, those eight to 15 years old (although Illinois had a
problem with a new wall as discussed in Chapter 5). Loss of noise reduction occurred on
a three-year-old wall as well as on an eight-year-old wall. One state reported replacing a
metal wall that experienced structural failure due to "wrecks" with the same system. (Not
included in these figures is a metal wall used for three years as a temporary wall during
roadway construction.)

Plastic. One state reported that a 1.5-year-old plastic wall structurally failed and "fell
down" (Table 3-12). Another state reported that a 10-year-old barrier's "clear plastic
panels yellowed and cracked," resulting in appearance problems, loss of noise reduction,
and public complaints. The third state (Table 3-11) reported that a traffic accident caused
the repair or replacement. Two of the states reported replacing the plastic barriers with
different systems; one state used a "small berm" while the other used a composite.

Recycled. No states reported repairing or replacing walls made of recycled material.
However, the 1.5-year-old plastic wall discussed above was made of recycled plastic.

Hardwood. The hardwood barriers repaired or replaced ranged in age from new to 3
years old (Table 3-11). A new hardwood barrier lost noise reduction capabilities after
"separation due to moisture" (Table 3-12). A 3-year-old barrier had appearance
problems, installation errors, lost noise reduction, and public complaints likely due to
"manufacturing errors.” The state reported that the same system is being used to replace
"pieces of panels." Public complaints and appearance problems led to the repair or
replacement of a 2-year-old wall.

Softwood. The problem most often reported for softwood barriers was loss of noise
reduction (three of four, or 75%, of states) (Table 3-12). One softwood barrier had
appearance problems, installation errors, loss of noise reduction, and structural failure at
construction (Tables 3-11 and 3-12). The state reported that the "plywood sheathing of
[the] plank wall mount opened up severely;" the contractor replaced the wall. A new
wall lost noise reduction capabilities after "separation due to moisture." Another wall
had appearance problems and loss of noise reduction after the "wood rotted." A wall at
least 10 years old was repaired or replaced due to "traffic strikes.”

3.2.5 Summary

There was no consensus among the respondents on the average service life of noise
barriers, although 75% (18 of 24) respondents listed at least 20 years. However, it
appears that the majority of barriers built to date have performed well. While repairs and
replacements of noise barrier walls appear to have generally been due to vehicle damage
or poor performance structurally or aesthetically, less than 1% of walls by length have
been repaired or replaced or were being considered for repair or replacement. Metal
barriers may be an exception; barriers constructed of metal have been repaired or
replaced by 20% (six) of the states responding to the survey—more than any of the other
materials. Precast concrete, cast-in-place concrete, block walls, and berms received



been repaired or replaced or were being considered for repair or replacement. Metal
barriers may be an exception; barriers constructed of metal have been repaired or
replaced by 20% (six) of the states responding to the survey—more than any of the other
materials. Precast concrete, cast-in-place concrete, block walls, and berms received
generally favorable comments from the respondents. Precast concrete received the most
comments about positive acoustical and structural performance while berms received the
most comments about positive economic and aesthetic performance. The main negative
comment received about berms was the need for large amounts of right-of-way.

The most important factors for the respondents when chooging noise barrier materials
are construction cost and durability. However, in-state experience, initial appearance,
noise reduction, adjacent sites, maintenance cost, and public requests are also important.
State staff and consultants most often design the noise barriers, generally using AASHTO
or state design specifications. One-third of the states that have repaired or replaced walls
(six of 18) changed construction specifications as a result of the repairs or replacements,
and half (nine) have changed design specifications.

All but one state responding to the survey reported maintaining only the highway side
of the barriers. All reported being responsible for the walls for more than 20 years.
However, 67% (20) of the states do not have a design life policy for noise barriers. For
those states with policies, over half use 20 years, less than the responsible maintenance
period. In addition, 59% of the respondents (17 of 29) do not have a maintenance
program for their walls. Those states that have programs generally maintain landscaping
or conduct cleaning or coating. Only 17% (five) of the respondents conduct structural or
visual inspections of the walls. Despite the reported importance of acoustical
performance in the selection of noise barrier materials, none of the respondents conduct
acoustic testing as part of a maintenance program and half (15) do not consider failure to
meet insertion loss and/or noise level criteria to be reason to replace a barrier.
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CHAPTER 4
MATERIALS SELECTION PROCESS FOR NOISE BARRIERS IN ILLINOIS

4.1 Introduction

The Illinois Department of Transportation (IDOT) and the Hlinois State Toll Highway
Authority (ISTHA) have constructed a total of over 97 km (60 miles) of noise barriers on
Illinois highways. The construction of noise barriers has been concentrated in IDOT
districts containing urban areas (Districts 1, 2, 4, 6, and 8) (Figure 4-1). Al noise
barriers constructed by ISTHA are in the greater Chicago metropolitan area.

A total of 13 different products have been used by IDOT and ISTHA in the
construction of noise barriers (Table 4-1). However, wood and concrete have been the
preferred materials both in Illinois and nationally, accounting for 90% of all highway
noise barriers built in this country through 1995. In Illinois, these two materials account
for 60% of the IDOT and 97% of the ISTHA barriers built to date. Table 4-2 compares
the percent of area in each material throughout the U.S. with the percent in Illinois.

The IDOT and ISTHA have made different choices in the selection of products and
materials for the construction of noise barriers. While IDOT has used 11 different
materials to construct 38 km (24 miles) of barriers, ISTHA has used only 4 different
materials for over 59 km (36 miles) of noise barrier construction. Only two materials,
precast concrete and glue-laminated softwood, have been used by both agencies.” A
summary of the materials used by each agency is given in Tables 4-3 and 4-4.

A listing of noise barriers constructed in Illinois to date, by location, is given in Table
4-5. The listing is broken down by material type in Table 4-6 (a-1). All data shown in
Tables 4-3 through 4-6 is adapted from the 1996 FHWA summary report. This summary
shows noise barrier quantities and costs in each state by generic categories
(concrete/precast,  block, berm, wood/post &  plank, wood/unspecified,
concrete/unspecified, metal/unspecified, wood/glue laminated, brick, and other) rather
than by specific material or by brand names. This data has been restructured and
presented in Tables 4-3 to 4-6, using more specific product information.

The costs presented in Tables 4-3 through 4-6 are taken without modification from
the FITWA summary and are given for information only. These costs represent estimates
of the costs of noise barrier construction from projects over the past 20 years, as reported
to the FHWA by IDOT and ISTHA. The accuracy of the original data supplied to FHWA
cammot by verified. In some cases, the reported costs of noise barrier construction may
have included costs associated with other items such as earthwork, foundations, guardrail,
landscaping, or other work items. In addition, the reported costs have been periodically
indexed by FHWA to reflect construction cost inflation.
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Figure 4-1. IDOT district map.
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Table 4-1. Illinois Noise Barriers by Material

Material Description
Berm Only Compacted earth with 3:1 (maximum) side slopes
Berm/Retaining Wall Combination noise and retaining structure

Combination Berm and Wood

Compacted earth topped by short wood barrier

Carsonite®

Fiberglass casing and recycled rubber core

Durisol™

Composite sandwich (concrete core covered with
compressed, cemented wood shavings)

Fanwall® Concrete

Footingless, free-standing wall on prepared granular
base

Noishield®: Steel

Steel casing with mineral wool fill

Noishield®: Aluminum

Aluminum casing with mineral wool fill

Precast/Prestressed Concrete

Cantilever wall (full-height panels, no posts)

Precast Concrete

Post and Panel (full-height panels with monolithic
posts) _

Softwood

Post and Panel (tongue-and-groove boards)

Glue-laminated Softwood

Glue-laminated pressure treated softwood
post and panel

Tropical Hardwood

Post and panel (tongue-and-groove boards)

Table 4-2. Comparison of U.S. and Illinois noise barriers by material.

U.S. . Ilinois
Material Area (%) Area (%)

Concrete 38 14
Block 28 0
Combination 14 23
Wood 11 45
Berm Only

Metal

Brick

Source: FHWA (1996)
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Table 4-3. Summary of IDOT Noise Barriers (through Dec. 31, 1995)

Area Percent of
Wall Type (sq. m.) Total Area
Tropical Hardwood 48,715 32.5%
Combination Berm and Wood 33,062 22.3%
Glue-laminated Softwood 18,786 12.7%
Precast/Prestressed Concrete (Cantilever) 16,469 11.0%
Durisol™ 10,652 7.2%
Berm Only ‘ 9,659 6.5%
Fanwall® (Precast Concrete) 4,459 3.0%
Metal: Noishield® (Steel) 3,690 2.5%
Berm/Retaining Wall 1,902 1.3%
Metal: Noishield® (Aluminum) 622 0.4%
Total Area 148,016 100%
Total Length 38.3 km (23.8 miles)
Total Cost (1995 Dollars) $20,744,709
Cost (by area) $140/sq. m. (§ 13/sq.1t.)
Cost {by length) $542,300/km ($871,600/mile)
Source: FHWA (1996)
Table 4-4. Summary of ISTHA Noise Barriers (through Deec. 31, 1995)
Area Percent of
Wall Type (sq. m.) Total Area
Precast Concrete (Post and Panel) 109,743 58%
Glue-laminated Softwood 53,095 28%
Softwood (Post and Panel) 19,791 11%
Carsonite® 5,698 3%
Total Area 188,327 100%
Total Length 58.6 km (36.4 miles)
Total Cost (1995 Dollars) $40,800,000
Cost (by area) $217/sq. m. ($20/sq. ft.)
Cost (by length) $696,100/km ($1.12 million/mile)

Source: FHWA 1996
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Table 4-6 (a through £). Summary of Illinois Noise Barriers by Material Type -
(Source: FHWA 1996)
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