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Highway administrators, engineers, and researchers often face problems for which infor-
mation already exists, either in documented form or as undocumented experience and prac-
tice. This information may be fragmented, scattered, and unevaluated. As a consequence, 
full knowledge of what has been learned about a problem may not be brought to bear on its 
solution. Costly research findings may go unused, valuable experience may be overlooked, 
and due consideration may not be given to recommended practices for solving or alleviat-
ing the problem.

There is information on nearly every subject of concern to highway administrators and 
engineers. Much of it derives from research or from the work of practitioners faced with 
problems in their day-to-day work. To provide a systematic means for assembling and 
evaluating such useful information and to make it available to the entire highway commu-
nity, the American Association of State Highway and Transportation Officials—through 
the mechanism of the National Cooperative Highway Research Program—authorized the 
Transportation Research Board to undertake a continuing study. This study, NCHRP Proj-
ect 20-5, “Synthesis of Information Related to Highway Problems,” searches out and syn-
thesizes useful knowledge from all available sources and prepares concise, documented 
reports on specific topics. Reports from this endeavor constitute an NCHRP report series, 
Synthesis of Highway Practice. 

This synthesis series reports on current knowledge and practice, in a compact format, 
without the detailed directions usually found in handbooks or design manuals. Each report 
in the series provides a compendium of the best knowledge available on those measures 
found to be the most successful in resolving specific problems. 

 
Thin polymer overlays (TPOs) consist of a polymer binder and aggregates with a thick-
ness not exceeding 25 mm (1 in.). They have provided long-lasting wearing surfaces for 
bridge decks with many advantages, including adding very little dead load; very fast cure 
times; shallow depths that eliminate the need for raising approach slabs; ability to transi-
tion from overlaid lane to non-overlaid lane during construction; low permeability; and 
good frictional resistance.  This study found that TPOs have become an accepted con-
struction method for deck preservation, restoring surface friction and extending the lives 
of decks. When constructed properly on sound decks, TPOs should provide a service life 
of 20 or 25 years. 

Information was gathered through literature review, a survey of all state transportation 
agencies, and selected interviews.

David W. Fowler and David W. Whitney, University of Texas at Austin, collected and 
synthesized the information and wrote the report. The members of the topic panel are 
acknowledged on the preceding page. This synthesis is an immediately useful document 
that records the practices that were acceptable within the limitations of the knowledge 
available at the time of its preparation. As progress in research and practice continues, new 
knowledge will be added to that now at hand.

FOREWORD

PREFACE
By Jon M. Williams  

Program Director 
Transportation 

Research Board
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SUMMARY

LONG-TERM PERFORMANCE OF POLYMER  
CONCRETE FOR BRIDGE DECKS

Thin polymer overlays (TPOs) consist of a polymer binder and aggregates with a thick-
ness not exceeding 25 mm (1 in.). They have provided long-lasting wearing surfaces with 
many advantages, including very little dead load, very fast cure times, shallow depths that 
eliminate the need for raising approach slabs, ability to transition from overlaid lane to 
non-overlaid lane during construction, low permeability, and good frictional resistance.

TPOs were first used as single layers of coal tar epoxy broomed onto the concrete deck 
with fine aggregate broadcast onto the surface in the 1950s. In the 1960s, an oil-extended 
epoxy was used to improve the performance. Polyester-styrene resins and methyl methac-
rylate monomer systems were being installed in the mid-1970s using the broom-and-seed 
method. Premixed polymer concrete (PC) began to be used as overlays using screeds for 
placing and finishing. Some of the thicker, brittle layers delaminated owing to thermal 
incompatibility.

As the interest in TPOs increased in the 1980s, material suppliers began to develop 
resins specifically for these applications. Through a better understanding of the causes 
of delamination, construction techniques and materials improved, with a corresponding 
increase in TPO performance. One of the major causes of delamination, thermal incompat-
ibility of polymers and concrete, was reduced significantly by the use of higher elongation 
and lower modulus resins. 

The Transportation Research Board issued a problem statement, NCHRP Synthesis 25/
Topic 39-11, Performance of Thin Polymer Overlays for Bridge Decks. The scope included 
collecting information on a variety of topics, including previous research and construction 
methods, performance based on field applications, primary factors that influence the per-
formance, current construction guidelines, repair procedures, factors that influence per-
formance of overlays, and successes and failures of TPOs. Information was to be gathered 
from state departments of transportation and Canadian provinces, a literature review, a 
survey of vendors, and selected interviews.

The literature contains many references to overlays, particularly in the late 1980s, 
1990s, and early 2000s. It provides useful information on use of TPOs, pre-overlay evalu-
ation, materials, installation, test methods, TPO field sections, failures, service life, cost, 
warranties, and special applications. Construction procedures, candidates for TPOs, and 
construction issues (substrate tests, repair, surface preparation, material handling and mix-
ing, placement, finishing and curing, and quality control tests) were identified from the 
literature.

The survey responses, from 40 states and seven provinces, revealed that at least 2,400 
TPOs have been constructed in the United States and Canada, a fourfold increase over the 
number installed through 1999. Seven states and three provinces that responded have not 
used TPOs. Nearly all states use epoxy resins, and only California indicated that it uses pre-
dominantly polyester-styrene in premixed overlays. Causes of failures were given. Several 
states provided specifications for TPOs. 
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Contractors interviewed were well experienced with TPO construction; they work on 
bridges in varying conditions of soundness. They discussed repair procedures, installation 
procedures, and problems encountered and provided recommendations for construction. The 
material suppliers had considerable experience with TPOs and provided their opinions on 
problems encountered and recommendations for improvement of materials applications. 

From the literature and surveys, the factors that influence performance were identified as 
the (1) soundness of the substrate, (2) surface preparation, (3) compatibility of the overlay 
and substrate, (4) aggregates, (5) overlay thickness, (6) bridge girder flexibility, (7) environ-
ment, and (8) constructability and workmanship. Little information was found on overlay 
maintenance; some agencies replace delaminated TPOs with similar materials or even with 
hydraulic cement concrete. The chapter on proven practices covers best candidates for TPOs, 
overlay types, materials, qualification of substrate, installation methods, construction test 
methods, special applications, and warranties.

TPOs have become an accepted construction method for deck preservation, restoring sur-
face friction and extending the lives of decks. The three overlay types, multilayer, slurry, and 
premixed, are used widely throughout the United States and Canada. These overlays give 
good performance when placed on decks that are in good condition and when constructed 
in accordance with established principles such as those specified in Guide Specification for 
Polymer Concrete Bridge Deck Overlays. When constructed properly on sound decks, TPOs 
could provide a service life of 20 or 25 years. 
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SCOPE

In 2007, TRB issued a problem statement, NCHRP Topic 
39-11, Performance of Thin Polymer Overlays for Bridge 
Decks. The scope of the topic included the following statement: 

Thin polymer overlays, which consist of a polymer 
binder; e.g., epoxies, polyesters, or methacrylates, and 
aggregates are constructed with a thickness of no more 
than 25 mm (1.0 in.). They have the advantages of (1) 
adding very little dead load; (2) very fast cure times; (3) 
shallow depths that eliminate need for raising approach 
slabs; (4) transition from overlaid lane to non-overlaid 
lane during construction; (5) low permeability; (6) long-
lasting wearing surface; and (7) frictional resistance. 
Many thin polymer overlays have been installed and it 
is critically important to summarize their performance 
in one document.

Considerable performance history over the past 20 years is 
now available and the synthesis study collected information on 
a variety of topics: (1) previous research, specifications, and 
procedures on TPOs; (2) performance based on field applica-
tions; (3) the primary factors that influence the performance, 
including traffic, chemical contamination, alkali–silica reac-
tion, corrosion, concrete strength, air content, moisture, envi-
ronment including temperature and climate, use of tire chains 
and studs, methods of removing existing concrete, aggre-
gate, surface preparation, material compatibility including 
substrate, treatments, and patching; (4) current construction 
guidelines related to surface preparation, mixing and place-
ment, consolidation, finishing, and curing; (5) repair proce-
dures; (6) factors that influence the performance of overlays, 
including life-cycle cost, benefits and costs, bridge deck con-
dition, service life extension, and performance; and (7) suc-
cesses and failures of TPOs, including reasons for both.

Information was gathered from state departments of 
transportation (DOTs) and Canadian provinces, a literature 
review, a survey of vendors, and selected interviews.

MAJOR DEFINITIONS

The focus of this report is TPOs. There are several impor-
tant distinctions to be made. The overlays are noncementi-
tious, that is, there is no hydraulic cement such as portland 

CHAPTER ONE 

INTRODUCTION

BACKGROUND

Polymer concrete (PC) overlays were first used in the 1950s 
as single layers of coal tar epoxy broomed onto the concrete 
substrate and seeded with fine aggregate. These overlays 
were not very impermeable, nor were they durable under traf-
fic. In the 1960s, an oil-extended epoxy was used to improve 
the performance. By the mid-1970s, polyester-styrene res-
ins and methyl methacrylate monomer systems were being 
placed using the broom-and-seed method (1). Premixed PC 
that was screeded in place began to be used. In many cases, 
the thicker, more brittle layers delaminated because of ther-
mal incompatibility of the overlay and substrate. 

Through increased attention to monomer and resin 
formulations and a better understanding of the causes of 
delamination and other distresses, the performance of thin 
polymer overlays (TPOs) has increased significantly. Con-
siderable efforts have gone into improving the resistance to 
chemical and mechanical attack and into understanding the 
requirements for surface preparation, mixing and placing 
the PC, and in curing (2).

Initially, the reviews of TPOs were not favorable. For 
example, in 1984 Furr (3) stated concerning sand-filled 
epoxy TPOs, “these overlays generally have proved to 
be a poor solution to the surfacing and waterproofing 
problem.” He went on to say that of 12 states, only one 
had found one epoxy that had performed well. However, 
since that time, the improvement in performance has been 
substantial, although some problems still exist. It is now 
understood that flexible resins used in thin layers with 
wear-resistant aggregates are essential in producing TPOs 
that are thermally compatible with the concrete decks and 
are long wearing (3). It was learned in this survey of states 
and provinces that most problems occur because of errors 
in workmanship.

The use of TPOs has increased significantly in recent 
years. Sprinkel (4) reports that before 1990, 139 TPOs 
had been placed. There was a threefold increase between 
1990 and 1999, with 416 additional overlays having been 
placed. Considerable experience and data now permit more 
informed conclusions to be drawn relating to best practices 
for constructing TPOs. 
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Reference Information System (TRIS) was a major source 
of information. Professor Yoshihiko Ohama of Nihon Uni-
versity in Japan has maintained a complete bibliography on 
concrete-polymer materials over the past several years, and 
his database, which was last updated in 2007, was used in 
this review (5). The proceedings of the International Con-
gress in Polymers in Concrete were searched for information 
along with other conference proceedings that were potential 
sources of information.

The American Concrete Institute (ACI) has published 
many papers on TPOs in journals and in special publica-
tions. ACI Committee 548 Polymers in Concrete has also 
published several documents on TPOs including a Guide for 
Polymer Concrete Overlays (1) and a specification for epoxy 
TPO construction (2).

AASHTO has published Guide Specifications for Poly-
mer Concrete Bridge Deck Overlays, which has been widely 
adopted, at least in part, by many agencies (6).

Survey of Transportation Agencies, Material Suppliers, 
and Contractors

Survey forms were developed and sent to state DOTs and 
Canadian provinces. Selected vendors and selected contrac-
tors that have had experience with TPOs were surveyed by 
telephone. The agency survey forms, contained in Appendix 
A, were e-mailed to agencies. Contractors and vendors were 
interviewed by telephone. Some follow-up telephone inter-
views with agencies were conducted to obtain additional 
information.

REPORT ORGANIZATION

The report is organized in the following manner: 

•	 Chapter One—Introduction
•	 Chapter Two—Literature Findings and Specifications
•	 Chapter Three—Performance of Overlays from 

Surveys and Interviews
•	 Chapter Four—Proven Practices
•	 Chapter Five—Repair
•	 Chapter Six—Conclusions
•	 References
•	 Bibliography 
•	 Glossary of Terms
•	 Appendix A: Questionnaires
•	 Appendix B: Stresses in Overlays
•	 Appendix C: Warranty and Payment Bond

The information obtained from the various sources was 
reviewed to obtain the background on the topics listed in 
the scope. The information was grouped into the subtopics 
used in the chapters. The factors that influence performance 

cement; the binder is a polymer. The overlays are thin, typi-
cally less than 1 in. in thickness and often 0.5 in. or less. 
The substrate is normally a portland cement concrete bridge 
deck, although in a few instances steel decks or concrete 
pavements have been used.

Definitions taken in part from ACI 548.5R-96 Guide for 
Polymer Concrete Overlays (1) are given in the Glossary at 
end of the report. A few of the more important definitions are 
presented in this section.

Epoxy resin—A resin that contains epoxy groups princi-
pally responsible for its polymerization.

Monomer—A small molecule from which much larger 
polymer molecules can be made, usually in liquid form for 
concrete applications.

Multiple-layer overlay—Two or more layers of polymer 
concrete bonded to concrete; normally each layer consists 
of an application of resin with aggregate broadcast into the 
surface.

Polymer—The product of polymerization, more com-
monly a rubber or resin consisting of large molecules formed 
by polymerization.

Polymer concrete (PC)—A composite material in which 
the aggregate is bound in a matrix with a polymer binder.

Premix overlay—The method of initially blending a poly-
mer binder, with fine and coarse aggregate and fillers, if used, 
and then mixing until all particles are completely wetted. 
Once the composite has been mixed as required, it is trans-
ported and placed. The term applies to polymer concrete.

Resin—A natural or synthetic, solid or semisolid organic 
material of indefinite and often high molecular weight, with 
a tendency to flow under stress. It usually has a softening or 
melting range and usually fractures conchoidally.

Slurry overlay—Overlay applied by placing an applica-
tion of resin or monomer followed by broadcasting aggregate 
onto the surface.

Thin polymer overlays (TPOs)—One or more layers of 
polymer concrete bonded to concrete, normally 1 in. or less 
in thickness.

METHODOLOGY FOR OBTAINING INFORMATION

Literature Review

A literature review was conducted that included the most 
likely sources of information on TPOs. The Transportation 
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were derived from these sources. The best practices are a 
summary of the knowledge that has produced overlays that 
have performed well as reported by the states and provinces.

Little information on costs and repairs was obtained from 
the literature and from surveys and interviews. For this rea-
son, these issues are addressed in only a cursory manner.
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CHAPTER TWO

LITERATURE FINDINGS AND SPECIFICATIONS

A review of the literature that pertains to TPOs is presented. 
Thin polymer overlays consist of a polymer binder and 
aggregates with a thickness not exceeding 25 mm (1 in.).

USES OF THIN POLYMER OVERLAYS

Harper (7) observed that “epoxy polymer overlays are not a 
‘repair’ for bridge decks. They are only a means of protect-
ing a deck that is in fairly good condition but is at risk for 
chloride and water penetration.” Based on the experience in 
Alberta, Carter (8) states that— 

1.	 TPOs properly applied can provide service lives of up 
to 20 years, but that maintenance will be required if 
the surface is intended to remain free of defects. 

2.	 TPOs can be used in high salt environments to extend 
the lives of existing bridges containing noncoated 
steel even if some corrosion has begun prior to repair. 

3.	 TPOs are economically competitive with other 
repairs, especially when a minimum of repairs to the 
deck are required and a minimum of resin is used, 
that is, the overlay thickness is less than 10 mm (0.40 
in.). 

4.	 TPOs are more suited for preservation than for reha-
bilitation. Resins are too expensive to be used on 
excessively rough or deteriorated concrete surfaces 
because considerable material would be required to 
bring the surface to grade. They can be used to extend 
the service lives of dense concrete overlays that are 
extensively cracked or to prevent freezing and thaw-
ing damage to decks with inadequate entrained air 
void systems. 

5.	 TPO installation requires specialized expertise. The 
primary failures observed in Alberta have been the 
result of workmanship or contractor-related errors. 

6.	 Crack repairs are risky and are often a waste of 
money. Most nonworking, nonrepaired cracks will 
not reflect through TPO wearing surfaces within 5 
years. Many working cracks will eventually reflect 
whether repaired or not. 

7.	 Polymer wearing surfaces may lose toughness and 
ductility as they age under ultraviolet exposure. The 
application of a thin, asphaltic chip seal coat may be 
economically viable in order to extend the lives of 
TPOs by shielding them from ultraviolet exposure 
and abrasive wear.

Sprinkel (4) states that the bridges that are the most likely 
candidates for TPOs (1) “are those that are in need of a skid-
resistance wearing and protective surface but have peak-
hour traffic volumes that are so high that it is not practical 
to close a lane to apply the surface except during off-peak 
traffic periods” and (2) “are those in which increases in dead 
load, reductions in overhead clearance, and modifications to 
joints and drains must be held to a minimum.”

Multiple-Layer Overlays

According to Sprinkel (4), multiple-layer overlays are best 
used on decks that have good ride quality because the over-
lays follow the contours of the deck surface. This is the result 
of the layers being of uniform thickness, which results in 
the overlays following the surface irregularities instead of 
bringing the surface to a uniform grade.

Slurry and Premixed

Decks that have many surface irregularities are the best can-
didates for slurry and premixed TPOs (4).

PRE-OVERLAY EVALUATION

The Missouri DOT performed an investigation of the cause 
of failures of the epoxy overlays that they had installed. 
Harper’s (7) observations related to failures involving TPOs 
are as follows:

•	 Missouri recommends placing TPOs on decks that have 
less than 5% of the deck requiring repairs. It is impor-
tant that decks be tested for delamination, chloride lev-
els, and tensile strength of the concrete deck. Decks 
that require less than 5% of surface to be repaired have 
more likelihood of success.

•	 Many of the failures appeared to be a failure of the top 
surface of the concrete deck instead of the polymer. 
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Examinations of spalled material usually showed a 
layer of concrete beneath the epoxy PC.

•	 Decks that were rated higher before overlay placement 
performed better based on an inspection rating system 
for both the deck and overlay.

•	 Longer span bridges were more likely to have problems 
with overlays owing to the greater deflections that can 
cause deck or overlay cracking. More flexible epoxies are 
recommended for longer spans. Bridges with girders that 
were wide flange sections or post-tensioned I-beams had 
overlays with higher ratings than bridges with plate girders.

REPAIRS

Cracks

TPO contracts in Alberta in the period 1985 to 1987 required 
flexural cracks to be repaired (8). Flexural cracks were dis-
tinguished from shrinkage cracks by (1) straightness in con-
trast to shrinkage cracks, which tend to be more curved and 
randomly oriented; (2) location in negative moment region; 
and (3) presence of stains on the bottom of the bridge, which 
indicated that the cracks were full depth. The cracks were 
routed and filled with a flexible epoxy that was said to have 
“probably performed as designed until exposed to very low 
temperatures.” In 1988, “band-aid” repairs were developed. 
These repairs involved debonding the wearing surface along 
the crack, strengthening the wearing surface with tensile 
reinforcement centered over the crack. One repaired bridge 
originally had about 600 lineal meters (2,000 ft) of flexural 
cracks and 6,000 lineal meters of shrinkage cracks; after 4 
years, about 100 lineal meters (325 ft) of cracks have reflected 
through the TPO. Another repaired bridge had 3,000 lineal 
meters (10,000 ft) of crack repairs, and about 70% of the 
cracks have reflected through the TPO. Carter concludes 
that, “the extreme cold, as well as the flexibility and live load 
deflection of this deck, make crack repairs appear futile” (8). 

Sprinkel (4) states that “large cracks should be filled 
ahead of time with a gravity fill polymer that is compatible 
with the overlay.” 

Concrete

It is important that concrete with chloride ion content greater 
than 0.77 kg/m3 (1.3 lb/yd3) at the level of reinforcing be 
removed and replaced before placing the overlay (4).

MATERIALS USED IN OVERLAYS

Resins

Typical resins are epoxy, polyester, and methacrylate (4). 
The curing time is a function of the type and amount of ini-

tiator or curing agent, curing temperature, and binder con-
tent. AASHTO Guide Specifications (6) show the minimum 
times for curing that have been successfully used for TPOs.

	White and Montani (9) point out the importance of ten-
sile elongation and note that polymers that have good tensile 
elongation at room temperature may have poor elongation at 
low temperatures. They recommend 20% elongation of the 
polymer at 40°F and 30% when tested at 73°F in accordance 
with ASTM D638 (10).

Gaul (11) reports on the use of epoxy asphalts over the 
previous 25 years. He describes the properties of epoxy 
asphalt and provides guidance on proper installation.

Aggregates

It is important that aggregates used in TPOs be dry (less than 
0.2% moisture), angular-grained silica sand or basalt, and 
free from dirt, clay, asphalt, and other organic compounds. 
AASHTO Guide Specifications (6) give recommended 
gradings for multiple-layer, slurry, and premixed overlays.

Fontana et al. (12) indicate that an increase in aggregate 
moisture to 1% by weight can significantly decrease the 
strength of the PC from which it is made. They state that 
the addition of 1% silane coupling agent by weight of the 
monomer (methyl methacrylate) can significantly offset up 
to 1% moisture in the coarse aggregate in the reductions in 
strength and freezing and thawing that normally would be 
expected. 

Polymer Concrete Application Rates

Typical PC application rates for the three different types of 
overlays are given in AASHTO Guide Specifications (6).

INSTALLATION

Surface Preparation

Surface preparation procedures need to be approved only 
when test patches, 0.3 m by 0.9 m (1 ft by 3 ft), constructed 
with approved materials are shown to have a minimum aver-
age tensile rupture strength of three tests per patch, based on 
the procedure in ACI 503R (13), of 1.7 MPa (250 psi) (4). If 
the failure in the concrete occurs at depths greater than 6.4 
mm (0.25 in.) and at stresses less than 1.0 MPa (150 psi), it 
is important that the concrete be removed and replaced with 
higher quality concrete, followed by surface preparation and 
placement and testing of new test patches. When stresses 
at failure occur between 1 MPa (150 psi) and 1.7 MPa (250 
psi), the overlay can be placed, but the engineer determines 
whether part or the entire base concrete needs to be replaced. 
A visual inspection needs to be made before the overlays are 

Long-Term Performance of Polymer Concrete for Bridge Decks

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/14623


8�

placed to ensure that the surface is properly prepared, dry, 
and free of dust or other contaminants.

Substrate Tensile Strength

The deck must have a minimum rupture strength of 1.0 
MPa (150 psi) based on the test method in ACI 503R (13) or 
ASTM C1583 (14) to receive an overlay; otherwise, the con-
crete must be removed and replaced so that a sound substrate 
is available to bond to the TPO (15).

Repair of Substrate

The substrate concrete needs to be patched, and large cracks 
[greater than 1 mm (0.04 in.)] in width need to be repaired 
(15). It is important that concrete with chloride ion content 
greater than 0.77 kg/m3 (1.3 lb/yd3) at the level of the rein-
forcing steel be removed and replaced before placing the 
overlay (16, 17).

Surface Cleaning

“The surface should be cleaned by shot blasting (Figure 1) 
and other approved cleaning practices to remove asphaltic 
material, oils, dirt, rubber, curing compounds, paint, car-
bonation, laitance, weak surface mortar, and other detrimen-
tal materials that may interfere with the bonding or curing 
of the overlay” (15). Along edges of the deck and other areas 
that cannot be cleaned by shot blasting, grit blasting might 
be used. 

Test for Adequacy of Surface Preparation

The test method described in ACI 503R (13) and ASTM 
C1583 (14) could be used to determine whether the size of 
shot, flow of shot, traveling speed of machine, and number of 

passes are adequate to provide the required surface prepara-
tion to achieve a minimum tensile bond strength of 1.7 MPa 
(250 psi) or a failure area at a depth of 64 mm (0.25 in.) or 
more into the base concrete greater than 50% of the test area. 
The test result might be based on the average of three tests on 
an overlay test patch of at least 0.3 m by 0.9 m (1 ft by 3 ft). 
One test result could be obtained for each span or 418 m2 (500 
yd2) of deck surface, whichever is the smaller area, as shown 
in Figure 2. The cleaning procedure could be approved if the 
test requirements are met for each test panel (6, 17). Because 
the temperature of the overlay can affect the test result in that 
adhesion decreases at higher temperatures, the temperature 
of the overlay at the time of the test should be recorded (17).

FIGURE 2  Apparatus for performing pull-off test to evaluate 
surface preparation or overlay bond strength. 

Methods of Application

It is important that TPOs be placed the same day that the 
surface is shot blasted to ensure cleanness. Areas of the deck 

FIGURE 1  Shot-blast preparation of the surface.
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that are not shot blasted the same day could be shot blasted 
again just prior to installing the overlay (4).

Multiple-Layer Overlays

Multiple-layer overlays are constructed by application of 
the binder (resin or monomer system) to the deck surface 
by spray, squeegee, or broom and broadcasting gap-graded 
aggregate to excess over the fresh binder-covered surface 
(Figure 3). After the binder has cured, the loose aggregate 
is removed from the deck and a second layer is applied. The 
first layer consists of approximately 1.1 kg/m2 (2 lb/yd2) of 
binder and 5.4 kg/m2 (10 lb/yd2) of aggregate. The second 
layer consists of approximately 2.2 kg/m2 (4 lb/yd2) of binder 
and 7.6 kg/m2 (14 lb/yd2) of aggregate. The resin content is 
approximately 25% by weight of the overlay. The thickness 
is about 6.4 mm (0.25 in.) (15).

FIGURE 3  Workers spraying resin followed by application of 
aggregates in multiple-layer TPO.

Slurry Overlays

Slurry overlays are constructed by applying a primer of 
monomer or resin system at an approximate rate of 0.41 kg/
m2 (0.75 lb/yd2) followed by a slurry mixture of about 2.6 kg/
m2 (5 lb/yd2) of binder, 3.8 kg/m2 (7 lb/yd2) of silica sand, 

and kg/m2 (5.21 lb/yd2) of silica flour. This slurry mix is 
applied with a gauge rake to ensure proper depth of place-
ment (Figure 4). Gap-graded aggregate (as used in multiple-
layer overlays) is broadcast onto the surface. A binder seal 
coat at 0.68 kg/m2 (1.25 lb/yd2) is applied. The binder con-
tent is approximately 24% by weight of the overlay (primer 
and seal coat). The thickness is about 7.9 mm (0.31 in) (15).

FIGURE 4  Using gauge rakes to control thickness of 
slurry overlay. (Courtesy: Virginia Center for Transportation 
Innovation and Research.)

Premixed Overlays

Premixed overlays are installed by mixing about 12% binder 
with the aggregates. A primer is usually applied to the sur-
face at an approximate rate of 0.41 kg/m2 (0.75 lb/yd2) to 
improve the bond strength (Figure 5). The polymer concrete 
is placed and a vibratory screed is used to strike off and con-
solidate the PC (Figure 6). In some applications, continuous 
batching and paving equipment has been successfully used 
to place premixed PC (Figure 7). A suitable skid resistance 
can be achieved by placing grooves in the fresh PC (Figure 
8) or by broadcasting aggregates onto the fresh PC surface 
(Figure 9). The thickness is about 13 mm (0.50 in.) (15).

FIGURE 5  Priming deck with initiated high-molecular-weight 
methacrylate prior to placement of PPC. (Courtesy: American 
Civil Constructors.)
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a power screed, a manual screed, or a static screed. He gives 
examples of each in his paper.

FIGURE 9  Equipment used to blow aggregates onto overlay 
surface.

QUALITY CONTROL TESTS

Quality control tests and required test results according to 
Sprinkel (15) are as follows:

Resin

It is important that resin or monomer be sampled at the rate 
of one sample for each 3,785 L (1,000 gal). The required vis-
cosity, gel time, tensile elongation, and bond strength are 
shown in AASHTO Guide Specifications (6) along with the 
appropriate test method. Samples are to be accepted only 
when the required properties are furnished. The curing time 
is a function of the type and amount of initiator or curing 
agent, curing temperature, and binder content. AASHTO 
Guide Specifications (6) show the minimum times for cur-
ing that have been successfully used for TPOs.

Aggregate

An aggregate sample needs to be obtained for each 43,350 
kg (100,000 lb) of aggregate used. The aggregate grading 
can be determined to be acceptable when meeting the grad-
ing shown in AASHTO Guide Specifications (6). Aggre-
gates subject to wear would be silica or basalt and have a 
Mohs scale hardness of about 7.

Typically, DOTs specify noncarbonate aggregates or 
define aggregates with a specified acid insoluble residue (AI) 
minimum that ranges from 80% to 95% for coarse aggregates 
for long-term surface friction. The test method for AI is pro-
vided in ASTM D3042-09 Standard Test Method for Insoluble 
Residue in Carbonate Aggregates (19). This is the basis for all 
individual state DOT test methods. AASHTO does not have a 
listing for this test method. Some states, including Missouri, 
list New York State DOT Method 28 for AI.

FIGURE 6  Vibrating screed consolidates and strikes off 
PPC overlay. (Courtesy: Virginia Center for Transportation 
Innovation and Research.)

FIGURE 7  Metered mixing and placement of mixed polyester 
polymer concrete from mobile concrete batching plant. 
(Courtesy: Gomaco.)

FIGURE 8  Placement and finishing fresh PPC surface with 
modified laydown machine and conventional tining rake. 
(Courtesy: Gomaco.)

Dimmick (18) describes two methods of mixing and three 
methods for placing premixed TPOs. He suggests mixing in 
containers with electric power drills with paint paddle mix-
ers or in drum mixers. For placement, he suggests the use of 
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Water Absorption

White and Montani (9) recommend that the water absorption 
in PC be limited to a maximum of 1% by weight when tested 
in accordance with ASTM D570 (23).

Abrasion

White and Montani (9) recommend that overlays be tested 
at 125°F in accordance with ASTM D4060 (1,000 g load at 
1,000 cycles) (24) and maintain a wear index of less than 2.0.

Chloride Ion Penetration

White and Montani (9) recommend that when tested in 
accordance with AASHTO T277-07 (25) the “polymer and 
system in place shall be required to register zero coulombs in 
the test to ensure chloride resistance.” The AASHTO Guide 
Specifications require that the permeability be a maximum 
of 100 coulombs at 28 days (6).

Evaluation of Bridge Decks

Carter (8) reports on the procedures used to evaluate many 
bridges. They were (1) ASTM C876 (26) for corrosion activ-
ity using a 1.2-m (4-ft) square grid pattern; (2) air permeabil-
ity on 75-mm (3-in.) cores that were oven dried for 24 hours. 
(specimens were pressurized from the bottom surface using 
the American Petroleum Institute Recommended Practices 
40 test method); (3) bond strength tests using 75-mm (3-in.) 
cores taken randomly; (4) ultraviolet exposure tests using 
ASTM D638 (10) for measuring tensile strength and elonga-
tion (samples were lightly sprayed with water each day); and 
(5) skid resistance tests done by a mobile skid trailer travel-
ing at 64.4 km/h (40 mi/h).

THIN POLYMER OVERLAY FIELD SECTIONS

Many authors have reported results of TPO test sections, 
and some of the more significant tests are discussed in this 
section. In most cases, the information on the resins used 
did not include tensile elongation or modulus of elasticity; 
rather, the generic resin type was given, for example, epoxy, 
polyester-styrene, or methacrylate.

Ohio Bridge Deck, 1983

Dimmick (18) reports that a bridge deck in Ohio, constructed 
in 1962, had experienced transverse cracking and extensive 
wear. An epoxy TPO was selected primarily for the purpose 
of surface friction. The surface was shot blasted; because the 
pH exceeded 13, the surface was acid etched to reduce the pH 
to 9.2, although normally acid etching is not recommended 
for surface preparation. Cracks were not repaired. The sur-
face was primed with neat epoxy. Polymer concrete consist-

Polymer Concrete

Specimens made from the furnished resin and aggregate 
need to be made and tested in accordance with the tests 
shown in AASHTO Guide Specifications (6). The test 
results should meet the minimum requirements in the table 
for the type of polymer used.

Gel Time

The gel time needs to be monitored to ensure that the require-
ments of AASHTO Guide Specifications (6) are met.

Application Rates

The application rates need to be monitored to ensure that they 
are in conformance with AASHTO Guide Specifications (6).

Curing

The minimum curing time before opening to traffic is given 
in AASHTO Guide Specifications (6); however, a compres-
sive strength of 6.9 MPa (1,000 psi) based on field-cured 
cubes (ASTM C579, Method B) (20) might be obtained 
before opening to traffic (6).

TEST METHODS

Shrinkage

Many monomers and resins shrink during curing, particu-
larly polyester-styrene and acrylics. Zalatimo (21) and Zala-
timo and Fowler (22) developed a test method for measuring 
shrinkage, including the effect of relaxation. A 150-mm × 
150-mm × 0.9-m (6-in. × 6-in. × 36-in.) beam is overlaid 
with the PC with the center portion unbonded to the concrete 
substrate by means of plastic sheets placed on the concrete 
surface. A measuring device with a 250-mm (10-in.) gauge 
length is placed into the fresh PC; at different times after 
the PC has initially cured, one end of the unbonded sec-
tion is cut. Residual shrinkage stresses in the PC will cause 
the unbonded section to contract from the cut end. It has 
been shown that when the time of cutting is increased, the 
measured shrinkage is reduced. For most materials tested, 
including epoxies, polyester-urethane, and polyester-sty-
rene, the shrinkage is generally nonexistent after 72 h, which 
indicates that relaxation has occurred.

Tensile Elongation

White and Montani (9) recommend that cured resins have a 
minimum of 20% elongation at 40°F and 30% when tested at 
73°F in accordance with ASTM D638. The AASHTO Guide 
Specifications have the requirement of 30% to 80% tensile 
elongation for epoxy and polyesters (6).
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In 1971, 16 test sections using different resins and aggre-
gates were installed. Epoxy asphalt and a combination 
of hard metagraywacke and soft, lightweight, synthetic 
aggregate were selected for the overlay. In 1976 and 1977, 
the upper and lower decks were resurfaced with 256 m2 
(2,760 ft2) of 19-mm-thick (0.75-in.-thick) epoxy asphalt 
using conventional asphalt paving machines followed by 
compaction with rubber tired and steel drum rollers. In 
1996, an inspection showed five types of distress: (1) small 
mechanical gouging depressions, (2) three locations of fire 
pitting owing to vehicular fires, (3) pot holes resulting from 
delamination of the lightweight concrete substrate or weak 
bond to the epoxy coal tar chip seal (approximately 93 m2 
or 1,000 ft2), (4) joint crumbling that required six joints to 
be repaired, and (5) reduced skid resistance that had not 
been predicted by lab tests. Bond pull-off tests using ACI 
503R-93 (13) with 50-mm (2-in.) diameter cores gave ten-
sile bond strengths ranging from 0.84 to 2.45 MPa (122 to 
356 psi). The performance was deemed a success for the 
20-year life for a bridge experiencing 250,000 vehicles per 
day in both directions.

Gaul (11) gives a 25-year history of the use of epoxy 
asphalt, including properties, manufacture, methods of use, 
and list of applications.

Alberta Overlays

Initial Investigation

In an initial investigation, Carter (8) states that Alberta had 
waterproofed 66 bridges with TPOs. Many of the TPOs were 
placed on dense concrete overlays that were heavily cracked 
owing to long-term drying shrinkage. The cracks appeared 
to propagate each year when subjected to vehicle loads in cold 
weather. Half-cell (copper sulfate electrode) and chloride 
content testing were performed on many of the decks, and 
it was concluded that corrosion was continuing to develop 
and would likely reduce the service life and require a second 
major rehabilitation. An investigation of thin epoxy wearing 
surfaces installed by agency crews in the 1960s showed that 
some had performed well. Carter notes that on one bridge on 
which a coal tar epoxy overlay had been installed, 70% of the 
overlay was still intact and many of the failed areas appeared 
to have been caused by thermal incompatibility owing to an 
excessive thickness of epoxy having been applied.

Test Bridge

In 1984, a test bridge was selected and divided into eight 
equal sections of 139.4 m2 (500 ft2) to test some of the avail-
able membrane wearing surface systems, including some 
parking garage membrane systems. These softer, more flex-
ible materials performed poorly on the bridge. One system 
composed of coal tar epoxy was seeded with a very hard 
(Mohs hardness of 9) brittle slag aggregate. The aggregate 

ing of silica sand and 10.5 (wt %) epoxy resin was batched 
in mixers and placed to a depth of 6 mm (0.25 in.). The sur-
face was finished with a wood screed to provide transverse 
irregular ridges. The area overlaid was 1,642 m2 (17,676 ft2). 
After 10 years and 121 million vehicles, the surface was said 
to still have excellent anti-skid properties. About 2 m2 (22 
ft2) of overlay had to be replaced because of delamination; 
it was not known whether the delamination occurred in the 
substrate or at the bond line.

Post-Tensioned Parking Garage

Post-tensioned slabs in a 6-year-old parking garage in Ten-
nessee had experienced severe freezing and thawing as a 
result of an improper air void system (27). Tests on cores 
indicated concrete compressive strength of about 6,000 psi. 
Some deformed bars and post-tensioning tendons were cor-
roded and exposed. The chloride ion content at a 12-mm 
(0.5-in.) depth was three times the corrosion threshold level 
of 0.77 kg/m3 (1.3 lb/yd3). Methyl methacrylate (MMA) PC 
was selected because of (1) the ability to place it in very thin 
applications, (2) the ability to place the material in a range 
of −7°C (20°F) to 38°C (100°F), and (3) short cure time that 
allowed the garage to remain open during repairs. The dete-
riorated concrete was chipped out and the corroded bars and 
tendons were exposed. The surface was sandblasted and 
then primed with MMA primer. Deep spalls were filled with 
MMA PC that used pea gravel. All of the negative moment 
regions received a 6-mm-thick (0.25-in.-thick) MMA PC 
overlay. Inspections were made at 1.5, 7, 10, and 13 years 
after repair. During the first inspection, very shallow 0.3-
mm (0.012-in.) deep crazing cracks were observed in areas 
exposed to sunlight and were attributed to the trowel finish-
ing that brought excess monomer to the surface, resulting 
in additional shrinkage. No spalling, cracking, or delami-
nation was observed until the last inspection; at that time, 
some delamination associated with cracking in the surface 
was observed. Cracks over deformed bars and tendons were 
associated with continued corrosion of the bars and tendons. 
Apparently, all of the contaminated concrete around bars 
and tendons had not been removed and corrosion had con-
tinued at a slow rate. In areas where freezing and thawing 
had occurred and corrosion had not continued, the overlay 
performed well.

Epoxy Asphalt TPOs

The San Francisco–Oakland Bay Bridge was constructed 
in 1936, and ceramic tile embedded in mortar was used as 
permanent lane striping (11). In 1963 and 1964, the upper 
and lower decks were resurfaced to cover the ceramic tile 
striping with a PC made of coal tar epoxy binder and quartz 
beach sand. The binder was sprayed on the surface and the 
sand was broadcast onto the binder. By 1968, the sand had 
begun to polish and to be picked out, reducing the skid 
resistance, although the binder was in excellent condition. 
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disintegrated under tire impact, leaving tiny holes in the 
membrane. After 6 years, most of the membrane had worn 
away. Two other sections using silica sand embedded in 
epoxy resins became highly polished because of the poor 
wear resistance of the sand. One of these systems exhibited 
some debonding that was attributed to the well-graded fine 
aggregate creating a brittle epoxy–aggregate composite 
material that performed differently than the deck when sub-
jected to live load and thermal stresses. The most durable 
of the eight systems was a flexible epoxy that used a poorly 
graded basalt aggregate with a relatively high aluminum 
oxide content. It had the highest bond strength and the best 
electrical resistivity readings.

Description of TPOs

The TPOs applied after 1985 usually consisted of two lay-
ers plus a tie coat, resulting in an average thickness of 6 
mm (0.25 in.) (8). No primer was used. Each layer consisted 
of liquid seeded with aggregate applied with squeegees 
and rollers to seal the deck surface. Excess aggregate was 
removed after the resin hardened. The tie coat consisted of 
a thin layer of resin used to seal pinholes and voids in the 
composite layer.

In 1988, six bridges with low traffic volume were repaired 
with a less expensive system that had only one seeded layer 
applied on a nonseeded primer. Permeability tests indicated 
better waterproofing than the system with two seeded layers 
and no primer (8).

In 1989, the two-layer system was changed by applying 
the tie coat first as a primer, followed by the two seeded lay-
ers. Three bridges were repaired by using a premixed PC 
that was screeded; the main advantage is the speed at which 
they can be placed on large bridges, resulting in labor sav-
ings and reduced closure time. A possible disadvantage is 
the possibility of entrapped air at the bond line, which would 
reduce bond strength (8).

Performance of 21 Bridges

Carter (8) reports on 21 TPOs of a total of more than 100 that 
had been placed in Alberta beginning in the 1960s. Typi-
cally, it was found that the failure of TPOs resulted “from 
the basic incompatibility of polymer concrete and portland 
cement concrete, manifested as debonding or shearing of 
the overlay from the concrete.” Many of the bridges had 
been overlaid previously with dense concrete that devel-
oped numerous cracks. Many of the bridges, especially the 
ones with the largest spans, had steel superstructures that 
were more flexible and developed more cracking and also 
received more deicing salt than the average deck. In 1990, 
the accumulated damage to the TPOs was 0.6% of the total 
22,052 m2 (237,000 ft2) installed on the 21 bridge decks 
between 1985 and 1987. By 1995, the failed surface area 

had increased to 2.0% at an average of 9 years. The original 
installation had a 5-year warranty, so that at an age of 5 years 
the contractor had repaired all of the original defects. The 
amount of defective surface area in 1995 included the total 
distress that had been repaired before and after the 5-year 
warranty repairs. 

Thermal Incompatibility

One bridge that was overlaid in 1991 experienced 10% 
debonding in 2 years and 50% in 3 years (8). The failure 
involved shear failure of the dense concrete just below the 
bond line. The thickness was 15 mm, greater than normal; 
that also leads to increased stress owing to thermal changes. 
The initial strength of the polymer (the type of polymer was 
not given) was 25 MPa (3,600 psi), which was considerably 
higher than for other “well-performing resins that had been 
used in Alberta.” The strength increased to 30 MPa (4,350 
psi) when exposed to ultraviolet light. The tensile elongation 
of the polymer was found to have decreased significantly 
from its original 30%. It was concluded that thermal incom-
patibility with the substrate caused the failure because of 
loss of flexibility.

Aggregate

A bridge placed in 1990 used red basaltic aggregate on 
one side of the bridge and green trap rock on the other side 
(8). After 2 years, it was observed that more red aggregate 
was accumulating in the gutter lines of the deck than green 
aggregate. Further testing using cores indicated that five 
times as many empty sockets were left by red aggregate. The 
problem was attributed to the fact that the red aggregate was 
more rounded and had a lower fracture-face count. In addi-
tion, after 5 years of service, the amount of lost or debonded 
overlay was twice as much on the red side even though the 
overlays were placed at the same time by the same contrac-
tor. A study of other bridges that used the red, green, and a 
less frequently used black aggregate was conducted. It was 
found that under similar conditions of age and traffic, the 
red overlays were debonding 25 times more rapidly than the 
black overlays and 19 times more rapidly than the green ones. 
Stress–strain tests on cylinders using the same polymer and 
the three different aggregates showed that the polymer con-
crete made with the red aggregate could absorb only 70% as 
much energy (area under the stress–strain curve) than the 
other materials (8).

Contractor Experience

A study of 71 bridges for durability also evaluated the per-
formance of contractors (8). The overlays constructed by the 
most experienced TPO contractors (i.e., those who had done 
the most work) were significantly more durable than those 
constructed by contractors with lesser amounts of installa-
tion experience.
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tic chip coats over aging TPOs to renew their skid resistance 
and to extend the life of the overlay (8). Carter reported that 
56 bridges have been treated using inexpensive chip coats; 
the results were satisfactory.

Virginia Multiple-Layer Overlays

Virginia has used many TPOs over the years, and Sprinkel 
(16) reported on 18 multiple-layer overlays and one single-
layer overlay placed between 1981 and 1987. The binders for 
the multiple-layer overlays included four polyester-styrenes, 
one polyester amide alkyd, one MMA, three EP5-LV epox-
ies, and two flexible epoxies. A single-layer high-molecular-
weight methacrylate overlay was installed. After all major 
spalls were repaired, the bridge decks were shot blasted, 
except cleaning with compressed air was used in the high-
molecular-weight methacrylate single-layer overlay. The ini-
tiated and promoted resins were sprayed or broomed onto 
the clean surface, and before the resin gelled, aggregate was 
broadcast onto the surface. After curing, the excess sand was 
broomed or vacuumed off the surface. The additional layer 
or layers were applied in a similar manner. Three or four lay-
ers were applied for the polyesters; the epoxy overlays used 
only two layers. The high-molecular-weight methacrylate 
overlay had only one layer. The aggregate was clean, dry, 
angular silica sand.

Tensile Bond Strength

Virginia requires a tensile bond strength test, based on ACI 
503R (13) or ASTM C1583 (14), to ensure that the instal-
lation procedure would give the target strength of 1.7 MPa 
(250 psi) or more. The contractor was required to install two 
layers of an overlay, 0.3 m by 0.9 m (1 ft by 3 ft), on each 
span or 167 m2 (200 yd2), whichever was the smaller area. 
Their experience indicated that a typical standard deviation 
was 0.27 MPa (40 psi), and average bond strength of 1.52 
MPa (220 psi) was required for satisfactory performance. 
The tensile bond strengths were found to decrease with 
time. Initially, failures were in the concrete substrate, but 
with time the failures were in adhesion or near the bond line. 
In bridges on which traffic was allowed on the shot-blasted 
surface before overlay application, the initial bond strengths 
were low (16).

Shear Bond Strength

Guillotine shear strength tests were performed on cores 
taken from the bridge decks (16). Some cores were thermally 
cycled from −18°C to 38°C (0° to 100°F) three times each 
day. For some overlays, the thermal cycling gave good cor-
relation with tensile bond strength test results from the field. 
It was concluded that environment had a greater effect on the 
bond strength for polyesters than for the epoxies, and that 
degradation of bond strength with time leads to delamina-
tion for some overlays within 10 years.

Ability of TPOs to Protect Nondurable Concrete

TPOs were applied to several bridges with concrete decks 
of substandard quality and durability based on Carter’s 
experience (8). One bridge deck had little entrained air, and 
the surface was badly scaled on one side after one winter 
of service. Another bridge had a wavy surface owing to 
hand screeding, and the cover over the steel varied “sub-
stantially.” The bridge carried heavy traffic, received heavy 
applications of deicing salt, and had many freezing and 
thawing cycles. A third bridge had a 1972 overlay that had 
been placed with the expectation of providing 10 to 15 years 
of life. By 1986, the overlay was partially debonded and 
had moderate salt scaling. A single-layer TPO was placed 
with the goal of providing 10 years of service life. It was 
concluded that “the extension of deck service life result-
ing from the thin overlays at these inferior concrete sites 
appears to be from 5 to 12 years. Since the cost of deck or 
entire bridge placement is so much higher than the overlay 
cost, these polymer systems were successful in reducing 
life cycle costs.” It was noted that the deck life was sig-
nificantly reduced when a significant amount of reflective 
cracking was present in the concrete. “Apparently, since the 
polymer overlays did not effectively seal the wide, moving 
cracks, deck deterioration proceeded below the overlay in 
the cracked areas.”

Effectiveness in Sealing Deck Cracks

Carter (8) notes that it is difficult to know which cracks are 
reflective cracks prior to installation of TPOs, and that it 
may be better to install the overlay and then repair the cracks 
later. In his opinion, even when crack repairs are made, they 
may last only 5 to 10 years, but the life of the overlay is 
likely to be 15 to 20 years (8). One bridge had about 1,500 
m (5,000 ft) of cracks in 1985 before installing the overlay. 
About 185 m (600 ft) of “apparently actively moving cracks” 
were repaired by routing and using an epoxy caulking mate-
rial. After 5 years, approximately 46 m (150 ft) of cracks had 
reflected through the overlay; after 10 years, it had increased 
to 215 m (700 ft). It was thought that ultraviolet radiation had 
caused the polymer to lose flexibility over time.

Thickness of TPOs in Cold Climates

Carter (8) notes that TPOs are more durable in Alberta when 
they are thin. The reduction in temperature [to as low as 
–40°C (–40°F)] causes the polymer to become more brittle 
at the same time that interfacial stresses are developing. The 
stress is proportional to the thickness of the polymer. Exces-
sive thickness can lead to bond failures.

Repair of TPOs

Because the service life of TPOs is affected by ultraviolet 
radiation and traffic wear, Alberta began placing thin asphal-

Long-Term Performance of Polymer Concrete for Bridge Decks

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/14623


� 15

tiple layer, slurry, and premixed overlays is given; proper-
ties of epoxy, polyester, and methacrylate binders and PC 
are presented with the appropriate test method for each prop-
erty; and typical polymer concrete application rates for the 
three types of application methods are given.

The 14 bridges were evaluated in 1991 and 1995. Three 
overlays, each constructed with multiple-layer epoxy, multi-
ple-layer epoxy urethane, premixed polyester, and methac-
rylate slurry, and two overlays installed with multiple-layer 
polyester, were included in the evaluation. The overlays 
ranged in age from 6 to 19 years.

Tensile Bond Strength

The tensile bond test was a modified version of Virginia Test 
Method 92. This method is similar to ACI 503R (13) but dif-
fers by providing a swivel attachment to the cap and the top 
hook of the test device to minimize eccentricity. The results 
indicated little change in initial tensile bond strengths of 
more than 1.65 MPa (240 psi) for the multiple-layer epoxy, 
multiple-layer epoxy urethane, and the premixed polyester 
over the life of the overlays; the multiple-layer polyester 
overlays had lost considerable bond strength [from over 2.0 
MPa (300 psi) to about 0.50 MPa (75 psi)] and were projected 
to fail within 10 years. There were insufficient data to evalu-
ate the MMA slurry overlays (15).

Permeability

Permeability performance based on AASHTO T277-07 (25) 
tests in 1995 and from a previous project was given. The 
results indicated that the lowest permeability (<100 cou-
lombs) was provided by the methacrylate slurry, and that 
negligible to very low permeability (<1,000 coulombs) was 
associated with the multiple-layer epoxy and epoxy ure-
thane and the premixed polyester. Multiple-layer polyester 
had greater increases in permeability but was predicted to 
provide good protection for 10 years (15).

Skid Resistance

Based on ASTM E524 (29) (smooth tire), acceptable skid 
numbers (<33 coulombs) were being maintained for all over-
lays except MMA slurries, which were showing a downward 
trend (15).

Durability

Polymer concrete was tested for freezing and thawing in 
accordance with ASTM C666, Procedure A (30); modifi-
cation by the addition of 2% sodium chloride to the water 
had shown a durability factor of over 90% after 300 cycles, 
considerably greater than the minimum factor of 60% 
generally accepted for concrete. Polymer concrete had 
good resistance to wear. Projections based on tensile bond 

Rapid Chloride Permeability

All polyester and epoxy overlays displayed very low (100 to 
1,000 coulombs) or negligible (<100 coulombs) permeabil-
ity initially; the high-molecular-weight methacrylate overlay 
displayed low permeability (1,000 to 2,000 coulombs). After 
1 year, the brittle polyester had a moderate permeability 
(2,000 to 4,000 coulombs). After 4 years, the stiffer epoxy 
had the lowest permeability, and after 5 years, the flexible 
had the lowest, both being in the very low category. After 
100 thermal cycles in the laboratory, only the brittle polyes-
ter and the epoxies had a negligible permeability; the MMA, 
high molecular weight, and some of the other polyesters had 
low or moderate values (16)

Electrical Resistivity

Electrical resistivity tests (28) were performed to deter-
mine the presence and extent of microcracks. Only the flex-
ible polyester had no significant cracks until 3 years after 
placement; all others had extensive cracking after 1 year or 
less. However, the permeability tests indicated that the other 
overlays were “providing significant protection against chlo-
ride penetration” (16).

Half-Cell Potential

Copper sulfate half-cell potential readings (26) indicated 
that only four small areas on four spans had a 90% corrosion 
probability. Over a 6-year period, the half-cell readings did 
not change significantly (16).

Skid Resistance

All overlays had adequate skid resistance at the time the 
overlays were installed, and the values are reported in 
Sprinkle (16). The overlays made with the more rigid epoxy 
showed a significant reduction in skid resistance after 1 year 
of service; the reduction was because these overlays used 
less resin and finer sand than the other overlays in the pro-
gram. Virginia no longer uses this epoxy (16).

Wear

The most wear occurred in the travel lanes. The greatest 
wear occurred for the brittle polyester-styrene (2.5 mm or 
0.10 in. in 5 years), but that rate is 23% of the wear reported 
for latex-modified concrete. The conclusion was that the 
overlays would likely delaminate or exhibit an unacceptable 
skid resistance before the overlays wear through (16).

Nineteen-Year Performance 

Sprinkel (15) provides a summary of performance of TPOs 
on bridge decks in California, Michigan, Ohio, Virginia, and 
Washington. A summary of aggregate gradations for mul-
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(8,000 psi) and a tensile elongation of 5%. The surface was 
shot blasted and primed with either high-molecular-weight 
methacrylate or an unsaturated diaromatic glycol fumer-
ate. The aggregate was 12 mm (0.5 in.), with less than 25% 
crushed particles. The overlay was installed using a contin-
uous screw-type mixer and a paving machine. Dry screen-
ings were broadcast on the surface to provide improved 
skid resistance. The overlay was 3.6 mi in length and had a 
19-mm (0.75-in.) thickness. Krauss (33) states that, “Over 
25 bridge decks have been overlaid with polyester-styrene 
concrete overlays and all the overlays are performing 
well.” He states that in 1988 there had been no delamina-
tion on any polyester-styrene concrete overlay placed by 
contract. No overlay since 1983 had shown signs of wear 
or cracking.

Several Epoxy TPOs

Two epoxy overlay test sections were reported by Dimmick 
(34). 

Toll Booth Lanes

Portland cement and epoxy polymer concrete were tested 
side by side at toll booth lanes into Newark Airport in 1977. 
The portland cement had about 40 MPa (6,000) psi compres-
sive strength. The epoxy concrete had 14% epoxy by weight. 
The surface was primed and the hand-mixed epoxy concrete 
was placed on portland cement concrete slabs to a depth of 
0.16 mm (0.625 in.) in the wheel paths. After 6 years, the 
portland cement concrete was badly worn to a depth of 13 to 
19 mm (0.5 to 0.75 in.) and had about 1 m2 (10 ft2) of deeper 
spalling. The portland cement concrete wore out after about 
97 million vehicle passes. The epoxy polymer concrete had 
no surface defects and still had an excellent textured surface. 
After 15 years, the epoxy polymer concrete was still pro-
viding excellent skid resistance and had shown about 3-mm 
(0.12-in.) wear after 243 million vehicular passes. One small 
patch had to made, and a small gouge had occurred in the 
surface about 12 mm (0.5 in.) deep.

Bridge Deck Overlays for Skid Resistance

In 1983, the Ohio DOT found it necessary to overlay three 
bridges to obtain improved skid resistance during times of 
rain, snow, and ice. The substrate had transverse structural 
cracks, which exhibited spalling and grooves that were com-
pletely worn down in many places. The surface was shot 
blasted, the epoxy polymer concrete was mixed in drum 
mixers, and it was placed on a surface primed with neat 
epoxy to an average depth of 6 mm (0.25 in.). It was finished 
with a wood screed to provide good texture. The total area 
of overlay placed was 1,637 m2 (17,676 ft2). After 10 years, 
120.8 million vehicles had passed over the overlay. It still had 
excellent skid resistance. Only 0.09 m2 (1 ft2) has had to be 
replaced; the cause of failure was unknown.

strengths, permeability, and skid resistance, for the over-
lays, with the exception of the MMA slurry and multiple-
layer polyester overlays, indicated a service life of at least 
20 years (15).

Epoxy TPO Overlays

The advantages of epoxy TPOs were given, including excel-
lent bond strength, unaffected by alkalinity of concrete, little 
shrinkage, low modulus, high strength-to-weight ratio, and 
not flammable. Epoxy PC consists of resin, hardener, and 
aggregates. Nabar and Mendis (31) provide a list of key proj-
ects using flexible epoxy binder that had been in service for 
10 years. The authors provide a good summary of surface 
preparation, overlay application including multiple-layer 
method or slurry method, and curing quality assurance pro-
cedures, service life, trouble-shooting procedures, and loss 
of skid resistance.

Evaluation results of four bridges in Michigan, Ohio, Vir-
ginia, and Washington are given.

Fort Worth, Texas, Overlays

Zalatimo and Fowler (22) report on different resins used to 
construct small overlay test sections on two bridges in Fort 
Worth, Texas. One bridge used (1) high-molecular-weight 
methacrylate, (2) four hybrid polyester-urethanes (three low 
modulus and one high modulus), (3) experimental epoxy 
with a high modulus, and (4) two commercially available 
epoxies. The PC was batch mixed and placed in a 12-mm 
(0.5-in.) thickness with a vibrating screed. Additional aggre-
gate was broadcast on the surface to obtain improved skid 
resistance. The second bridge used two polyester-urethanes, 
experimental polyester, and an experimental epoxy, which 
were applied as multiple-layer overlays over a high-molec-
ular-weight methacrylate primer. Two layers were applied, 
resulting in a thickness of about 9 mm (0.375 in.). The over-
lays generally performed well, except that two of the hybrid 
resin overlays failed owing to the primer being allowed to 
pond and form a thick layer. Because of thermal stresses, it 
failed within the first couple of months. The 5-year evalua-
tion found that most were in good condition, although some 
had polished on the surface owing to inadequate aggregate 
seeding for texture.

California I-80

Maass (32) reports that the Donner Pass section of I-80 in 
California that was overlaid in 1986 has performed well. In 
1983, the section of highway carried an average daily traf-
fic of 9,750 vehicles, of which 950 were trucks. The average 
annual rainfall is 1.54 m (61 in.) and the average snowfall 
is 10.4 m (410 in.). Two resins were used—one with a ten-
sile strength of 17 MPa (2,500 psi) and a tensile elongation 
of 35%, and another that had a tensile strength of 55 MPa 
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Washington Overlays

Three epoxy and two MMA TPOs were installed and moni-
tored. For all overlays, the decks were shot blasted prior to 
placing the overlays. The epoxy overlays were placed using an 
epoxy primer, then a coat of epoxy followed by an application 
of aggregate. After curing, the excess aggregate was removed 
and an epoxy seal coat was applied. The MMA overlays used 
an MMA primer and a slurry application of MMA and aggre-
gate with the thickness controlled using gauge rakes. Addi-
tional aggregate was broadcast on the surface. The results of 
the 10-year monitoring were reported in 1995 (35).

Tensile Bond Strength

The average initial tensile bond strength was 2 MPa (297 psi) 
for the epoxies, which was greater than the 1.72 MPa (250 
psi) specified. The average for the MMA was only 1.45 MPa 
(211 psi). After 1 to 5 years of age for the overlays, follow-up 
testing was performed. For the epoxies, the average strength 
had reduced slightly to 1.89 MPa (274 psi), but for the MMA 
the strength had reduced to 0.98 MPa (143 psi).

Frictional Resistance

For epoxies, the initial average skid number was 70 but 
reduced to 20 after 7 years. For the MMA, the initial aver-
age reading was 40, and it reduced only slightly to 39 after 
9 years.

Chloride Ion

The average permeability to chloride ion as measured by 
AASHTO T277-07 (25) was 0 for the MMA overlays and 3 
coulombs for the epoxy overlays.

New York

In 1993, New York DOT performed a study of overlays 
that involved a survey of other states and an evaluation 
of its own TPOs that were 5 to 7 years old. It had placed 
three different resin systems: polyester, MMA, and flex-
ible epoxy. New York DOT concluded that the newer resin 
systems “support optimism to suitability and durability.” It 
was further concluded that the overlays in the state appear 
to meet expectations. New York DOT recommended the use 
of TPOs for only two applications: (1) for bridges where 
weight was critical such as moveable spans and (2) bridges 
for which extended delays would be intolerable, such as in 
urban areas (36). 

Since 1999, New York DOT has installed 44 TPOs (37). 
Thirty-eight were epoxy, and one each was MMA, polyurea, 
polyester, polyurethane, and vinyl ester. One was not identi-
fied as to the resin type. The total area of bridges overlaid 
was 18,832 m2 (202,632 ft2).

In 2007, the Materials Bureau evaluated 15 of the TPOs. 
Among the findings were

•	 The MMA overlay was the only one of the 15 to have 
failed. It had several spalls with about 90% of the over-
lay remaining and 80% to 90% of the friction aggre-
gates intact.

•	 The polyester overlay was in very good condition, with 
some polishing observed.

•	 The urethane overlay was in excellent condition.
•	 The 12 epoxy overlays were found to be performing 

acceptably although several distresses were noted:
–– Short crack in one;
–– One appeared to have been poorly installed and 

exhibited small spalls; 90% of the overlay was intact 
and 80% to 90% of the friction aggregate remained;

–– Two were very thin owing to wear or installation, 
with 75% to 95% of the overlay remaining;

–– One had small delaminations, with 90 to 95% of the 
overlay remaining; and

–– The other seven were in very good to excellent con-
dition, with 90% or more of the overlay remaining.

New York DOT conducts friction tests annually and 
uses ground-penetrating radar to determine whether TPOs 
waterproof the decks and retard the corrosion rate. It has 
experimented with using one-coat overlays instead of two, 
sandblasting in place of shot blasting, and using boiler slag 
instead of the normally specified aggregates.

Alabama 

Alabama placed four 6-mm (0.25-in.) polyurethane, twelve 
9-mm (0.375-in.) polyester, two 19-mm (0.75-in.) low-
modulus epoxy, and one 12- to 19-mm (0.5- to 0.75-in.) 
asphaltic-based Novachip overlays. The performance of the 
polyurethane was poor, the polyester was variable, the low-
modulus epoxy was excellent after 8 years, and the Novachip 
was excellent after 3 years.

Montana

Four different overlays were installed on 13 bridges in Mon-
tana; two portland cement concrete, one acrylic modified 
concrete, and a low-modulus epoxy. On a single bridge, an 
MMA overlay was installed. Both the epoxy and the MMA 
exhibited limited cracking but no significant delamination 
or dramatic loss of surface roughness after 2 years. The 
evaluation period was not long enough to make a thorough 
assessment.

Louisiana

Four different epoxy TPOs were applied to a bridge in 
Louisiana in 1985 to evaluate their performance as fric-
tion surfaces primarily and as sealers secondarily. After 
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found to have chloride in excess of 11 lb/yd3, and the pur-
pose of the overlay was to provide additional protection.

The popularity of the TPOs has resulted from the lower 
cost of the installation and traffic control because of much 
shorter periods of lane closures than for bonded cement 
overlays. Typically, for a silica fume overlay, the structure 
is closed overnight for 20 days and requires that temporary 
traffic signals be installed; in comparison, the TPO requires 
flaggers for only 5 days and is open overnight (31).

LaGuardia Airport, New York

The two runways at LaGuardia Airport in New York were 
constructed more than 30 years ago. Texture had been main-
tained by cutting grooves in the concrete surface. But even-
tually, it was found to be structurally unacceptable to cut 
away more of the section to reestablish the grooves. It was 
decided to place a TPO because of its projected service life 
and the reduced time required to place the overlay and return 
the runways to service. The two runways accommodate 
more than 1,400 aircraft daily.

Test sections were placed using epoxy and MMA. Two 
epoxy test sections were installed, one using the slurry 
method and the other using the broom-and-seed method. 
The slurry method consisted of mixing the aggregate and 
resin and placing the slurry in one operation. The broom-
and-seed method consisted of placing a layer of resin and 
then broadcasting aggregate having a nominal size of 1/8 
in. into the resin. Four applications were placed to obtain the 
required ½-in. overlay. Based on the test sections, the epoxy 
resin applied by the broom-and-seed method was selected. 
Visual inspection showed the epoxy slurry method and the 
MMA test sections did not have a uniform surface texture, 
with some areas having a glassy appearance. The broom-
and-seed method provided a uniform surface with excellent 
frictional resistance.

The repair work was initiated and represented the first 
major runways to be overlaid with an epoxy TPO. The work 
was performed between 6 a.m. Saturday and 6 a.m. Monday, 
weather permitting. The surface was shot blasted to produce 
minimum bond strength of 200 psi, and bond tests were per-
formed every weekend before application of resin to confirm 
that the substrate had adequate bond strength to achieve the 
specified strength. Bond tests were performed by bonding 
100-mm × 100-mm (4-in. × 4-in.) steel plates to the concrete 
surface and pulling in direct tension in accordance with ACI 
503R (13). The overlay was constructed by applying four 
applications of epoxy resin and aggregate.

Prior to opening the runways to traffic, bond tests were 
performed to determine whether the specified bond strength 
of 1.4 MPa (200 psi) was met. The specified strength was 
met every weekend after 9 hours of cure time. The bond 

5 years, an evaluation showed the surface friction as mea-
sured by the British Portable Tester and ASTM E274 (38) 
skid trailer to be very good for two of the epoxies and less 
effective for the others. All remained bonded and resisted 
cracking (17).

Kansas

The Kansas Department of Transportation (KDOT) placed 
its first overlays in 1999. Four contractors placed approxi-
mately 100 linear feet (333 yd2) each on the same bridge. 
The four materials, all epoxies, had similar properties. The 
bridge deck was shot blasted using International Concrete 
Repair Institute (ICRI) Concrete Surface Preparation (CSP) 
Standards 5 to 7 for the desired texture. Flint rock was used 
for the aggregate. In 2000, bond failure occurred in all four 
sections of overlays. The failure was determined to be caused 
by the presence of a bond breaker (said to be a byproduct of 
alcohol production) on the original concrete. Saw cuts were 
made outside the delaminated areas, and the contaminated 
concrete was removed by sandblasting and chipping. The 
overlays were replaced with the same materials and same 
procedures as used initially. After 9 years and approximately 
21,000,000 vehicles, with 30% heavy trucks, no problems 
have been experienced. The skid coefficient was found to be 
53 using a ribbed tire in 2003.

KDOT has placed more than 100 TPOs with the goal of 
minimizing water and chloride intrusion to preserve the 
structures. (In addition to the overlays placed by KDOT, 
four counties have placed 13 TPOs.) Some structures have 
had minimal spalling, which was repaired. Many have had 
delaminated silica fume or high-density concrete overlays, 
and because the surface had not failed, the decks were shot 
blasted before placing the TPOs. Where shallow delamina-
tions had occurred, the loose concrete was removed, the 
area repaired, the entire deck was shot blasted, and the 
TPO placed. The intent of KDOT is to place the overlays 
on decks that are not seriously deteriorated to preserve the 
structure.

TPOs on three new bridge decks have been installed for 
different construction errors. One deck had concrete that 
exhibited high permeability and low density because of 
concrete consistency problems. Another had reduced cover 
because of a malfunction of the screed. A third had been con-
structed with a corrosion-inhibiting admixture, and exten-
sive cracking in the deck occurred. The TPO was placed to 
seal the cracks. The first two bridges had TPOs applied using 
50% greater amounts of epoxy than the normal overlay. The 
third used a standard two-coat system.

One new bridge was designed for a TPO to be applied 
before opening to traffic. The bridge is on a service road 
heavily trafficked by trucks hauling sand and salt and trucks 
accessing a KDOT shop. The previous bridge deck was 
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FAILURES

Alberta

Lessons Learned from Failures

Carter (8) provides observations on lessons learned from 
TPOs installed in Alberta, but states that his comments may 
not always be in agreement with experiences in other areas.

1.	 Failures are usually the result of constructability 
rather than materials. If the in-place material is defec-
tive, it is usually because of improper proportioning 
or mixing. Using different colors for multicomponent 
systems would help reduce proportioning errors.

2.	 The moisture content of the deck is important in 
achieving good bond strength of the TPO to the deck. 
Some parts of the deck, including low areas, other 
areas that drain slowly, and gutters, dry slower owing 
to ponding. The moisture may prevent adequate bond 
strength development.

3.	 Deck repair patches made with portland cement con-
crete need to be wet cured to reduce shrinkage and 
subsequent debonding. The patches should be allowed 
to dry sufficiently to achieve good bond to the TPO. 
In Alberta, the maximum depth for mortar patches is 
15 mm (0.67 in.) because deeper patches may develop 
cracks around the perimeter at low temperatures.

4.	 The more the surface is prepared and roughened, the 
greater the bond strength will be. Shot blasting pro-
vides a more uniformly prepared surface than does 
sandblasting.

5.	 In cold climates, thicker TPOs will fail faster than 
thinner ones because of the different thermal coef-
ficients of expansion of the concrete and the PC.

6.	 Thin TPOs cannot be expected to provide a smooth 
surface on a rough deck surface. Deck patching must 
be done carefully to prevent the creation of a rough 
surface. Bumps in the surface of the TPO will shorten 
the life, particularly when snowplows are used.

7.	 Aggregate type and grading are important for wear 
resistance, flexibility, toughness, and crack-bridging 
ability of the wearing surface, particularly when 
high-modulus polymers are involved.

8.	 The method of seeding aggregate into the resin is 
important in preventing surface ripples, wicking, 

strengths averaged 1.8 MPa (270 psi) for deck surface prep-
aration and 2.6 MPa (390 psi) for the overlay bond strength 
for the project.

The Port Authority modified its contract requirements 
and bidding procedures in order to obtain the best possible 
wearing surface. Epoxy resins were tested for conformance 
to specifications prior to soliciting bids. Four resin suppli-
ers were approved with no substitutions. The resin suppliers 
were then formally requested to select a contractor that could 
provide a joint warranty with them. The warranty required 
the contractor to repair any defects within 5 years of instal-
lation. The resin supplier was required to have a full-time 
representative on the site when work was being done. The 
purpose for the contract requirements was to provide the 
contractor and material supplier the incentive to take joint 
responsibility for the installation.

The contract required the finish surface to have a mini-
mum surface friction number of 60 as determined by the 
British Pendulum Tester. The average friction number 
obtained for the project was 71. Grooves 6 mm × 6 mm (¼ 
in. × ¼ in.) were cut 37 mm (1.5 in.) apart, center to center, in 
the transverse direction several days after the overlays were 
placed. No complaints have been received from airlines for 
excessive rubber wear on tires.

The overlays were completed for one runway in 1998 
and the other in 1999. The overlays have performed well, 
with only minor repairs required. Most of the delamina-
tions occurred at structural expansion joints and at locations 
where the overlay was very thick, about 1 in. The airport 
management and the airlines have been pleased with the per-
formance of the overlays (39). 

Pennsylvania

Pennsylvania DOT installed three TPOs: premixed polyes-
ter, an epoxy multiple layer, and an epoxy urethane mul-
tiple layer, each on two separate bridge decks. The decks 
were rehabilitated after being evaluated for chloride ion 
content, corrosion activity using half-cell tests, and delami-
nation using chain drag. Problems were encountered dur-
ing construction with the premixed polyester resulting in a 
resin-rich mixture that made it susceptible to oxidation and 
ultraviolet light degradation. A 5-year evaluation indicated 
significant moderate spalling, cracking, and debonding in 
the polyester overlay. The two epoxy multiple-layer overlays 
provided good long-term performance as evidenced by the 
excellent protection against chloride and moisture intrusion. 
As a result of the performance, the use of epoxy and epoxy 
urethane multiple-layer TPOs was recommended for future 
use by Pennsylvania DOT (39). 
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high porosity, and resin-rich areas that are not ther-
mally compatible with the concrete. It is important 
that the aggregate be allowed to spread out and fall 
downward into the resin, with the dust and fines car-
ried off in the air. In hot weather, it is important that 
aggregate not be introduced too quickly; rather, it 
needs to be slowly and evenly built up on the surface 
until no wet spots are visible.

9.	 Static mixers and paddle mixers are not foolproof. 
The viscosity of the resin components are affected 
by temperature and hot or cold weather may affect 
the mixing process. Routine calibration checks must 
be made.

Case History of a Failure

Carter (8) reports that a bridge overlaid in 1985 had many 
problems even though only experienced contractors were 
allowed to bid for the job. The contractor provided a 5-year 
warranty, but problems occurred quickly. The surface prepa-
ration by the contractor was rejected twice; the final sur-
face preparation was a compromise. The contractor did not 
notify the resin manufacturer until the job was well under-
way, the contractor’s workmanship was poor, and there was 
little input from the manufacturer. The warm weather that 
lowered the viscosity of the resin combined with improper 
seeding methods resulted in a glassy, resin-rich surface that 
varied in thickness by as much as 6 mm (0.25 in.) across 
a 75-mm (3-in.) core. Water had infiltrated some of the 
resin drums. After 3 years, 180 m2 (1936 ft2) of surface had 
debonded, beginning in the first winter. Of the 180 m2 that 
were repaired, 40 m2 (430 ft2) have since failed along with 
60 m2 of additional TPO.

Texas

Two short overlay test sections in Texas failed within a 
short time of installation because the high-molecular-weight 
methacrylate primer was allowed to pond near the edge of 
a sloping deck and form a thick film. The thick film had a 
very high coefficient of thermal expansion, and it delami-
nated over a large area, requiring replacement with an epoxy 
overlay (22).

Panama, Canal Zone

The Bridge of the Americas was overlaid with epoxy slurry 
TPO. High-molecular-weight methacrylate was used to 
seal the cracks on the bridge before installing the TPO. 
After 1 or 2 years, a considerable portion of the overlay 
had delaminated based on visual observations. Laboratory 
tests sought to duplicate the application. The initial tensile 
bond tests gave good strengths, but when they were per-
formed after several months on the same specimens, the 
specimens that had been primed with the high-molecular-

weight methacrylate had low bond strengths. Anecdotal 
experiences of others confirmed that some epoxies tend to 
lose bond with time when placed over a high-molecular-
weight methacrylate.

STRESSES IN OVERLAYS

Analytical Method for Calculating Thermal Stresses

Choi et al. (40) present a method for calculating interfa-
cial stresses and axial stresses in TPO overlays because 
of changes in temperature. The method assumes (1) that 
there are linearly elastic stresses in overlay and substrate, 
(2) that the effect of the very thin adhesive layer is negli-
gible, and (3) that the composite beam (overlay and sub-
strate concrete) is subjected to a uniform temperature 
change and the difference in the thermal coefficients for 
the overlay and concrete remain constant during the tem-
perature change. The governing differential equations and 
solution are presented. The three types of stresses that can 
be determined from this analysis are the interfacial shear 
and normal stress and the axial stress in the overlay shown 
in Figure 10. The shear and normal stresses are maximized 
near the end or boundary, which can be the edge of the 
overlay, a crack or a joint, which explains why delamina-
tion always starts near one of these boundaries as shown 
in Figure 11. The axial stress in the overlay starts at zero 
stress at the boundary and within a short distance from the 
boundary reaches its maximum stress. 

The stresses are shown to be a function of the ratio of the 
coefficient of thermal expansion of overlay to concrete, the 
temperature change, the ratio of overlay thickness to sub-
strate thickness, and the ratio of modulus of elasticity of the 
overlay to the substrate. As each of these increases, the shear, 
normal, and axial stresses increase. Thus, overlays that are 
thinner and less stiff will produce smaller stresses with the 
same temperature change. Graphs are provided to simplify 
the determination of stresses, and examples are given to 
illustrate the method in Figures 12, 13, and 14. The graphs 
are developed for differential strain because of temperature 
change, ΔεT = 500 × 10-6 in./in., and a given substrate modu-
lus, Es = 4 × 106 psi. In the graphs, to is the overlay thickness, 
ts is the substrate thickness, and Eo is the overlay modulus. 
ΔεT is the difference in the coefficients of thermal expan-
sion for the two materials, overlay and substrate, times the 
change in temperature. The analytical values are compared 
with experimentally determined stresses. Examples are 
shown in Appendix B.

Letsch (41) shows measured stresses resulting from dif-
ferential strains in the substrate and the overlay and indicates 
that curing, shrinkage, and thermal changes can result in 
stresses in the overlay and substrate. Strains were measured 
with a cracking frame.
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tection TPO used to overlay a bridge in Virginia. Two resin 
systems were used on separate lanes: (1) modified vinyl ester 
and (2) polyester. Each was used with an aggregate consist-
ing of 50% calcined coke breeze (an electrically conductive 
aggregate) and 50% silica sand. The surface was shot blasted, 
the primary anode system was installed, and the polymer con-
crete was placed and screeded to a 12-mm (0.5-in.) thickness. 

SPECIAL APPLICATIONS

Cathodic Protection

Cathodic protection overlays have been developed and used 
for bridges subject to or experiencing corrosion activity in the 
reinforcing steel. Fontana et al. (12) describe a cathodic pro-

FIGURE 10  Stresses in overlays.

FIGURE 11  Shear and normal stresses near boundary (for normal stresses + = tension). 

Long-Term Performance of Polymer Concrete for Bridge Decks

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/14623


22�

FIGURE 12  Shear stresses in overlays for various thickness and modulus ratios. (For assumed values 
of ΔεT = 500 μ-in./in., Es = 4 × 106 psi.)

FIGURE 13  Normal stresses in overlays for various thickness and modulus ratios. (For assumed 
values of ΔεT = 500 μ-in./in., Es = 4 × 106 psi.)
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About 25% of the first system had to be replaced because of 
delamination. A current of 1 mA/ft2 was applied.

It has been shown that cathodic protection overlays can 
be sprayed on horizontal and vertical surfaces (12). A PC 
made of vinyl ester and about 60% by weight of calcined 
coke breeze can provide a non-sag material for overhead.

Wet Surfaces

Ahn and Fowler (42) found that the addition of zinc diacry-
late, in the range of 5% to 15% by weight of MMA, resulted 
in an increase in tensile bond to wet concrete by up to 50% 
compared with no zinc diacrylate. The addition of the same 
amount to polyester-styrene also produced a very good 
increase in tensile bond, including smooth, wet surfaces. 
Calcium diacrylate worked much better with epoxies, giving 
up to 20% increase in strength. Although this has not been 
used in TPOs, it is a viable solution.

Deicing Overlays

Virginia Department of Transportation (VDOT) conducted 
an evaluation of a patented deicing overlay system designed 
to prevent frost formation and the bonding of ice and snow 
to the deck surface (43). The 9-mm-thick (3/8-in.-thick) 
overlay consists of epoxy binder and limestone aggregate 

that the manufacturer states acts like a rigid sponge that 
stores salt-brine deicing solution, which is released when 
needed. Silica or basalt aggregates that are typically used 
to construct TPOs do not have the required absorption. 
Four overlays were placed on bridge decks on I-81 in Sep-
tember and October 2005: two two-layer deicing overlays 
and two one-layer VDOT epoxy overlays. The overlays 
were treated approximately every 2 weeks with deicing salt 
brine at a nominal rate of 70.5 L per lane-kilometer (30 gal 
per lane-mile) using a spray bar. Four overlays were placed 
on Smart Road in September 2006: two two-layer deic-
ing overlays and two two-layer epoxy overlays. The two 
deicing overlays were pretreated with salt brine at a rate 
of 70.5 L per lane-kilometer (30 gal per lane-mile). One of 
the epoxy overlays was pretreated at the same rate and the 
other was untreated (43).

I-81 Overlays

The aggregates used in the deicing overlays had significantly 
higher absorption (1.70%) compared with the quartz (0.72%) 
and basalt (0.45%) aggregates used in the epoxy overlays. 
The soundness loss for the deicing aggregates was much 
higher (6.0% to 21.6%) compared with the loss for the epoxy 
overlays (1.1% to 1.9%). It can be noted that the report indi-
cated that the deicing overlay aggregates reported in this 
study are no longer being used.

FIGURE 14  Axial stresses in overlays for various thickness and modulus ratios. (For assumed values of 
ΔεT = 500 μ-in./in., Es = 4 × 106 psi.)
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Bond strength tests were performed in February 2006. 
The thicknesses for the deicing overlays were 12 mm (0.49 
in.) and 11 mm (0.46 in.), whereas the epoxy overlays were 
2.5 mm (0.10 in.). The bond strengths were 1.41 and 1.50 
MPa (205 and 218 psi) for the deicing overlays and 1.59 and 
1.89 MPa (230 and 274 psi) for the epoxy overlays. The per-
meabilities to chloride ion when tested in February 2006 
were 23 and 246 coulombs for the deicing overlays and 1,226 
and 1,367 for the epoxy overlays.

The bare tire skid numbers for travel lanes on the bare 
concrete were 27 and 28 in June 2004 before the deicing 
overlays were installed; in October 2005, after overlay 
installation, the skid numbers were 59 and 60. In December 
2005, the numbers dropped to 46 and 53 for the deicing over-
lays. For the epoxy overlays, the skid numbers were 22 and 
26 before overlay installation in June 2004. In the October 
after installation, the numbers were 57 and 49. No values 
were reported for December.

Inconclusive results were obtained for ice and melting 
snow performance on I-81 because insufficient ice and snow 
events had occurred at the time of the evaluation (43).

Smart Road Overlays

Permeability and bond tests were not reported for the Smart 
Road overlays. Skid tests were performed in November and 
December 2006 and January 2007. All skid numbers were 
57 or higher.

Snow was applied artificially to the Smart Road overlays. 
Friction tests were performed on the pavements: 4 passes on 
dry surfaces, 8 with snow, 4 after the first plow, and 12 after the 
second plow. Five snow experiments using artificially applied 
snow and one using artificial “black ice” were conducted.

The results of the tests using artificial snow indicated that 
both deicing and epoxy overlays would improve the fric-
tion of bare, tined concrete pavements or bridge decks in 
the early stages of a snow storm before the snow removal 
equipment can arrive. However, no consistent conclusions 
could be drawn after the initial plowing for the snow and 
traffic conditions occurring during the tests. The difficulties 
encountered in obtaining a uniform coverage with “natural” 
quality snow and accurately defining the location of the fric-
tion measurements precluded more accurate comparisons of 
performance of the two overlay systems (43).

SERVICE LIFE

Sprinkel (4) states that projections suggest that, with the 
exception of the methacrylate slurry and the multiple-layer 
polyester overlays, TPOs constructed in accordance with 
AASHTO specifications (6) should have a service life of 25 

years. Carter (8) states that TPOs properly applied can pro-
vide service lives of up to 20 years, but that maintenance will 
be required if the surface is intended to remain free of defects.

WARRANTIES

Alberta

In the Province of Alberta, each TPO contract requires a 
5-year warranty signed by both the contractor and material 
supplier (8). Bankruptcy of either party leaves the other party 
wholly responsible. The warranty covers failure of the wearing 
surface exposed to normal traffic; it does not cover failures of 
the substrate. Repairs of distress that occur after the work was 
approved by the province are required to be made at the end 
of the 5-year period, except that large failures, defined as more 
than over 5% of the deck, must be repaired within 60 “good 
weather days” of notification, regardless of when the accu-
mulated 5% distress developed. Carter (8) notes that this has 
happened only twice. Even with the warranty, the contractor’s 
work is subject to approval by the province, and the contractor 
is compensated only for work that has been approved.

LaGuardia Airport, New York

The warranty used in the construction of LaGuardia Airport 
is shown in Appendix C. The warranty was executed jointly 
by the material supplier and the contractor. The warranty 
required that the contractor repair any defects that occurred 
within 5 years of installation.

RELATIVE COST

Sprinkel (4) reports that the cost of epoxy overlays, based 
on 1994 and 1995 bid tabulations in Virginia, was 25% of 
the hydraulic cement concrete overlays based on total initial 
cost, and 36% if based on life-cycle cost assuming a 15-year 
life for the epoxy TPO and 30-year life for the hydraulic 
cement concrete. However, the life-cycle cost for the epoxy 
is even lower if a 25-year life is assumed.

Kansas DOT reported that the cost of milling and placement 
for TPOs between 2001 and 2008 was about 20% less than for 
silica fume overlays. Traffic control costs are much lower for 
TPOs because of the much shorter cure time (5 days versus 
2 days) and the elimination of overnight lane closures. For a 
four-lane structure, traffic control for a TPO would be approxi-
mately 12% of that required for a silica fume overlay (44).

SPECIFICATIONS

National organizations have prepared three specifications 
for the installation of TPOs:
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3.	 Specification for Type ES (Epoxy Slurry) Polymer 
Overlay for Bridge and Parking Garage Decks, An 
ACI Standard, Reported by ACI Committee 548, ACI 
548.9-08, American Concrete Institute, Farmington, 
Hills, Mich., 2008 (45).

1.	 Guide Specifications for Polymer Concrete Bridge 
Deck Overlays, AASHTO-AGC-ARTBA Task Force 
34, Washington, D.C., 1995 (6).

2.	 Specification for Type EM (Epoxy Multi-Layer) Poly-
mer Overlay for Bridge and Parking Garage Decks, 
An ACI Standard, Reported by ACI Committee 548, 
ACI 548.8-07, American Concrete Institute, Farm-
ington Hills, Mich., 2007 (2).
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CHAPTER THREE

PERFORMANCE OF OVERLAYS FROM SURVEYS AND INTERVIEWS

This chapter reviews performance in the field based on infor-
mation from agencies, contractors, and material suppliers.

SCOPE OF SURVEYS

Surveys were sent to all states and Canadian provinces. 
The questionnaires are in Appendix A. Each agency was 
asked to complete a general survey form (“Agency Ques-
tionnaire”) and to complete a form for each TPO or group 
of TPOs (“Information on Each TPO”). If agency forces 
were used to install the overlay, they were asked to com-
plete an “Agency-as-Installer Questionnaire.” Few states 
completed the form for the individual TPOs. Follow-up 
telephone interviews were conducted with representatives 
from the agencies that had constructed the greatest num-
ber of TPOs. Materials suppliers and contractors identi-
fied by the agencies were then interviewed by telephone to 
obtain information.

GENERAL RESPONSES

Responses were received from 40 states and seven prov-
inces. Seven states and three provinces reporting have never 
used TPOs. Table 1 summarizes the findings. The informa-
tion includes

•	 Number of overlays placed. Approximately 2,400 
TPOs have been installed by the states and 147 by 
the provinces reporting, a fourfold increase over the 
555 reported to have been installed through 1999 
(4). California has placed the most (520), but each of 
seven other states, Missouri, Virginia, New Mexico, 
Michigan, Ohio, Kansas, and Utah, and one province, 
Alberta, has placed 100 or more.

•	 Ohio and North Carolina reported the first use of TPOs 
in the 1970s. Four states (California, Missouri, Oregon, 
and Virginia) and Alberta began applying overlays in 
the 1980s.

•	 Three states (Florida, Iowa, and Montana) and two 
provinces (Alberta and British Columbia) no longer use 
TPOs. Florida indicated that it had installed 30 on seg-

mental bridges but does not have deck problems; Iowa 
had installed one and indicated that it performed poorly; 
and Montana had installed 30 to 35, but stated that 
administrative problems made it too time consuming 
to enforce the specifications. Alberta has constructed 
139 TPOs, with the last one placed in 1999, but plans 
to use no more in the future. Alberta experienced some 
problems with TPOs placed initially, but when those 
problems were resolved, the overlays performed well. 
Eventual problems with achieving adequate inspection 
and wet, rainy conditions in some parts of the province 
were reasons cited for discontinuing their use. British 
Columbia installed two but reported high cost and poor 
performance as reasons for no longer using them.

•	 Most of the states indicated more than one reason for 
the use of TPOs; improving skid resistance was the 
most often cited reason, with extending the life of 
the deck the next most cited. Other reasons included 
repairing spalled and cracked surfaces, restoring a uni-
form appearance, and waterproofing the deck.

•	 Nearly all states use epoxy resins. Many did not 
respond as to the construction type, but the majority 
of states that did indicated that multiple layer was the 
preferred method. California was an exception, having 
installed over 500 premixed polyester overlays. Other 
West Coast states also use premixed systems.

•	 The majority of states use contractors for installation, 
but 10 states use their own forces for at least some 
installations.

•	 New Mexico, Georgia, and LaGuardia Airport require 
warranties ranging from 1 to 10 years.

•	 Many states have specifications available.

OVERLAY COST

Three states reported overlay costs. Virginia reported a 
cost of $60/m2 ($50/yd2) for an epoxy multiple-layer TPO 
installed by a contractor in 2005, and Alaska reported a cost 
of $114/m2 ($95/yd2) for an epoxy-urethane TPO installed 
by a contractor in 2007. Kansas DOT reported that between 
2001 and 2008 the cost of shot blasting and placement of 
TPOs averaged $66/m2 ($55/yd2).
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Illinois 

Bridge Deck Thin Polymer Overlay, Illinois Department of 
Transportation, Springfield, Jan. 1, 2007, http://www.dot.
state.il.us/materials/polymeroverlaysystems.pdf.

Kansas

Multiple-Layer Polymer Concrete Overlay, www.ksdot.org/
burConsMain/specprov/pdf/729.pdf; www.ksdot.org/bur-
ConsMain/specprov/2007/pdf/07-07013.pdf.

Michigan

Thin Epoxy Polymer Bridge Deck Overlay, Michigan 
Department of Transportation, Special Provision, Dec. 29, 
2005, http://www.michigan.gov/documents/mdot/MDOT_
Research_Report_RC1422_200642_7.pdf.

Missouri

Epoxy Resin Material, Section 623, Missouri Department of 
Transportation, http://www.modot.mo.gov/business/stan-
dards_and_specs/Sec1039.pdf.

Montana

http://www.mdt.mt.gov/publications/manuals.shtml.

New York

https://www.nysdot.gov/spec-repository/584.50----03.pdf;

https://www.nysdot.gov/spec-repository-us/584.40000006.pdf.

North Carolina

SBE Program Contracts (see the section on Epoxy Coating 
Systems), http://www.ncdot.org/doh/Operations/division1/
BID_LISTINGS/10808683.pdf.

Ohio

Epoxy Waterproofing Overlay for Bridge Decks, Proposal 
Note 514, Ohio Department of Transportation, Sep. 24, 1992, 
http://www.ohiopavementselection.org/construction/OCA/
Specs/SSandPN2002/pn5140402for2002.pdf.

Oregon

Section 00557—Premixed Polymer Concrete Pavement Over-
lays, http://www.oregon.gov/ODOT/HWY/SPECS/docs/
08specials/Updates/01-14-10/SP557.pdf.

CAUSES OF FAILURES

From the surveys, both written and telephone, causes of fail-
ures were identified and included the following:

•	 Deck condition—in many cases, overall condition of 
deck probably too poor to apply overlay;

•	 Repaired areas not sufficiently dry and/or not 
roughened;

•	 Inadequate surface preparation;
•	 Cool damp weather during installation;
•	 Deck too damp at time of overlay installation;
•	 Construction problems;
•	 Inadequate quality control; and
•	 Use of snow chains.

SPECIFICATIONS

Specifications were requested from agencies, and the states 
submitting specifications included the following:

California

Method of Testing for Determining Suitability of Materials for 
Overlayment and Repair of Portland Cement Concrete Pave-
ment and Structures, California Test 551, Engineering Ser-
vice Center, Department of Transportation, Sacramento, Feb. 
2000, http://www.dot.ca.gov/hq/esc/ctms/pdf/CT_551.pdf.

www.dot.ca.gov/...structurespecs/.../UpdatedMetricSpecs/ 
51-806_B07-02-09.doc.

www.dot.ca.gov/... /st r uctu respecs /...04SPECS/... / 
51-806(51POVR0_R02-14-07.doc.

Prepare Concrete Bridge Deck Surface, Engineering 
Service Center, Department of Transportation, Sacramento, 
http://search.ca.gov/search?site=ca_dot&client=ca_
dot&output=xml_no_dtd&proxystylesheet=ca_dot&
q=Prepare+Concrete+Bridge+Deck+Surface&submit.
x=13&submit.y=6.

Polyester Concrete Bridge Deck Surface, Engineering 
Service Center, Department of Transportation, State of Cal-
ifornia, Sacramento, http://www.kwikbondpolymers.com/
product/application/sample_spec.pdf.

Georgia

Two-Part Epoxy-Urethane Co-Polymer Bridge Deck Over-
lay, Section 519, Department of Transportation, Georgia, 
Special Provision, Sep. 23, 2002.
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Repair Materials

Repair materials included polymer concrete, latex modified 
concrete, magnesium phosphate, proprietary fast-setting 
concretes, and high alumina cement concrete. One indicated 
that the California Department of Transportation specifica-
tion requires a 72-hour cure for magnesium phosphate and 1 
hour for high alumina cement. In another case, 3 days were 
required for fast-setting materials to cure before overlaying 
the repair.

Installation

Shot blasting was the cleaning method used on flat work; 
in some cases, grit blasting was used on curbs and gutters. 
It was indicated that if the shot clogs in the shot blaster, the 
deck is too damp and provides a good control. They repair 
just before installing the overlay. All of them installed epoxy 
multiple-layer TPOs; one also installed MMA slurry and 
premix, and the other installed deicing overlays. One con-
tractor permits traffic on the first layer after it cures and then 
shot blasts the first layer the next day and immediately places 
the second layer. He uses 550 shot for the first application 
and 460 for the second. One performed mixing as specified, 
including a completely automated system using a mobile 
batching machine and modified asphalt paver. Another used 
concrete mixers, wheelbarrows, and screeds on rails. 

Problems Encountered

Contractors encountered the following primary problems:

•	 Weather: rain or high or low temperatures;
•	 Cure times related to traffic openings: resin cured too 

slowly to open as required by contract;
•	 Quantities of materials: plans always indicate less than 

required;
•	 Day or night temperatures affect the work time and 

volume of materials that can be placed;
•	 Deck condition: decks are often in badly deteriorated 

condition; some DOTs assume that a polyester pre-
mixed TPO can restore a deteriorated deck with 18- 
to 150-mm (0.75- to 6-in.) premixed polyester TPO as 
needed to restore ride quality; the inevitable deteriora-
tion of the TPO is usually blamed on the contractor;

•	 Moisture in deck: excessive moisture reduces bond 
strength.

Recommendations

Contractor recommendations include that—

•	 Bidders be prequalified for TPO experience;
•	 Resin manufacturer’s representative always be present, 

especially if warranty is required;

Texas

Multiple-Layer Polymer Concrete Overlay, ftp://ftp.dot.
state.tx.us/publ/txdot-info/cmd/cserve/specs/2004/spec/
ss4429.pdf; ftp://ftp.dot.state.tx.us/pub/txdot-info/cmd/
cserve/specs/1993/spec/es7675.pdf; ftp://ftp.dot.state.tx.us/
pub/txdot-info/cmd/cserve/specs/…/spec/ss4398.pdf.

Utah

www.dot.state.uut.us/main/uconower.gf?n=504434814 
209249743.

Virginia

http://www.aot.state.vt.us /conadmin/Document/Sec-
tion%20900%20Items/THINPOLYMEROVERLAY.pdf.

Contact the California, New York, and Virginia DOTs for 
specifications through their websites.

MATERIALS

Resin Systems

Epoxies are preferred by states, with some states using 
epoxy-urethanes; specifications requiring a minimum 
tensile elongation of 30%. One company, however, sup-
plies the majority of the polyester premix used in North 
America. One state specifies 20% tensile elongation, and 
one state specifies brand names of low-modulus epoxies. 
California uses polyesters and requires a minimum elonga-
tion of 35%.

CONTRACTOR INTERVIEWS

Nine contractors having considerable experience with 
TPOs were interviewed by telephone. The contractor ques-
tionnaires are in Appendix A. These nine contractors had 
installed hundreds of TPOs in many states.

Condition of Bridges

Most of the bridges on which they had installed TPOs 
ranged from sound to seriously deteriorated, but generally 
they were moderately distressed. Most bridges had been 
previously repaired, and at least four had repairs of the sub-
strate performed as part of the TPO installation contract. 
One contractor said that 80% of his jobs have been on older 
bridges that had been repaired, and virtually all contracts 
involved some repair work before the TPO was installed. 
Another contractor said that 90% of the bridges he works on 
are deteriorated. 
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•	 Repairs be made using compatible polymer patching 
materials supplied or specified by the TPO manufac-
turer, which eliminates paying for traffic control twice 
and having to build in an extra 28 to 56 days to let the 
patches cure, dry, and outgas;

•	 Diamond grinding be specified for very rough decks to 
save on the cost of shot blasting and to minimize the 
resin consumption;

•	 A mandatory 4-hour curing period is too long in hot 
weather; 1 hour is often enough and can be verified 
by the impact hammer and/or screwdriver test; peak 
exotherm or maturity might also work to confirm the 
curing, especially for thicker overlays;

•	 The specifications requiring the airless spray applica-
tion for high-molecular-weight methacrylate sealers 
and primers be eliminated because of the difficulty 
in keeping the spray guns calibrated; by the time the 
problem is discovered, considerable improperly mixed 
resin has been applied;

•	 TPO applications always be restricted to warm and dry 
periods; and

•	 Warranties for 5 years be required.

MATERIAL SUPPLIER INTERVIEWS

Seven material supplier representatives were interviewed 
by telephone. The questionnaires are in Appendix A. Two 
suppliers had been involved with approximately 1,000 TPOs 
and another two with hundreds each. The others, however, 
were involved in at least 10 bridges. Their companies pri-
marily supply epoxy resin systems. One company, however, 
supplies the majority of the polyester premix systems used in 
North America. Collectively, they have worked in 13 or more 
states and Canada. 

Problems Encountered

Material suppliers observed the following problems that may 
lead to poor performance of TPOs:

•	 Poor deck condition;
•	 Cracking and delamination of deck;
•	 Inadequate concrete cover on steel;
•	 Bidding followed by requirement that they must pro-

vide technical support on site; and
•	 Obtaining all three surface preparation requirements: 

clean, dry, and sound.

Recommendations

To improve the quality of TPOs, material suppliers recom-
mend that—

•	 Technical representatives be trained;
•	 Manufacturer’s representative be on site to oversee 

work;
•	 The deck be in good condition;
•	 Deck be clean and dry;
•	 Deck cleaning texture be specified as ICRI CSP 7, but 

can accept 6;
•	 Multiple-layer TPOs be used for epoxy systems;
•	 Minimum tensile elongation be 50% for epoxy systems;
•	 Aggregate have a Mohs hardness of 7;
•	 AASHTO Task Force 34 recommendations (6) be 

followed;
•	 For polyester systems specifications, have contractor 

make an investment in volumetric mixers with readouts 
and plural components, paving machine with automatic 
grade control, and shot-blasting equipment; and

•	 Specification must require experience.
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CHAPTER FOUR

PROVEN PRACTICES

Based on the findings from the literature and the agency 
surveys, the following practices have been found to be 
useful. These are not intended to be specifications; rather, 
they summarize the important preservation methods that 
agencies/owners have found to produce long-lasting, 
durable TPOs.

CANDIDATES FOR OVERLAYS

Sprinkel (15) states that the bridges that are the most likely 
candidates “(1) are those that are in need of a skid-resistant 
wearing and protective surface but have peak-hour traffic 
volumes that are so high that it is not practical to close a lane 
to apply the surface, except during off-peak traffic periods” 
and (2) “are those in which increases in dead load, reduc-
tions in overhead clearance, and modifications to joints and 
drains must be held to a minimum.”

Harper (7) concludes, “Epoxy polymer overlays are not a 
‘repair’ for bridge decks. They are only a means of protect-
ing a deck that is in fairly good condition but is at risk for 
chloride and water penetration. Decks that have more than 5 
to 10% of area that is unsound have been found to continue 
to experience problems after the overlay is placed.”

Sprinkel (15) states that projections suggest that, with 
the exception of the methacrylate slurry and the multiple-
layer polyester overlays, TPOs constructed in accordance 
with AASHTO specifications (6) should have a service life 
of 25 years.

Carter (8) states that (1) TPOs properly applied can pro-
vide service lives of up to 20 years, but that maintenance 
will be required if the surface is intended to remain free of 
defects. (2) TPOs can be used in high-salt environments to 
extend the lives of existing bridges containing noncoated 
steel, even if some corrosion has begun prior to repair. (3) 
TPOs are economically competitive with other repairs, espe-
cially when a minimum of repairs to the deck are required 
and a minimum of resin is used; that is, the overlay thickness 
is less than 10 mm (0.40 in.). (4) TPOs are more suited for 
preventive maintenance than for rehabilitation. Resins are 
too expensive to be used on excessively rough or deterio-
rated concrete surfaces. 

OVERLAY TYPES

The types and recommended uses for each are as follows:

Multiple-Layer Overlays

Multiple-layer overlays are best used on decks that have 
good ride quality because the overlays follow the contours 
of the deck surface (15).

Slurry and Premixed

Decks that have many surface irregularities are the best can-
didates for slurry and premixed TPOs (15).

MATERIALS

Binders

Many polymer-based binder systems have been developed 
for protecting bridge decks. Epoxies (including modified 
epoxy urethanes), polyester-styrenes, and MMAs have been 
the most widely used. Earliest attempts to seal decks from 
ingress of water and waterborne deicing chlorides with poly-
meric membranes emphasized the need for including aggre-
gates to provide skid resistance in wet or freezing weather. 
To accommodate this need, three overlay methods evolved. 
The first, the multiple-layer method, emulated asphaltic seal 
coats, and the second, the premixed, as well as the third, 
slurries, emulated asphalt concrete overlays.

Multiple-Layer Overlay

The multiple-layer PC overlay is thinly applied and often 
used to seal the bridge deck while masking any unsightly 
repairs under a well-bonded, uniform, durable, skid-resis-
tant cover. This method is often referred to as “broom-and-
seed” because the method involves spreading the somewhat 
viscous resin system over the deck and then immediately 
seeding the surface with the aggregate. After the first appli-
cation has set, a second broom-and-seed operation is per-
formed and allowed to cure. It may be repeated again as 
needed or done only one time if adequate skid resistance or 
waterproofing can be achieved.
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A binder system is required that has a viscosity suffi-
ciently low to spread easily, and relatively thinly, over the 
deck, bonding well to the deck and to the aggregates that are 
dispersed into the surface. Additionally, the binder system 
must be low enough in solvents and nonpolymerizing chemi-
cals to preclude pinholes or permeability. Finally, the cure 
system for the binder must provide adequate working time to 
apply the binder wherever needed and to adequately broad-
cast and bond the aggregate into the binder before becoming 
too viscous, and then curing relatively quickly. The recom-
mended binder for multiple-layer overlays is epoxy.

Premixed Polymer Overlay

The premixed TPO is typically specified for thicker over-
lays, typically 75 mm (0.75 in.) and up, used for accommo-
dating uneven or rough riding surfaces, or where the thicker, 
lower modulus polymer concrete can resist the stress and 
impact of tire chains. Epoxy and polyester-styrene are the 
recommended resins for premixed overlays.

The requirements of the binder for the premixed TPO are 
not necessarily different from the binders used in the mul-
tiple-layer system. However, because the premixed system 
incorporates the aggregates into the resin before placement 
on the deck, resin viscosity and rheology would permit a low 
percentage of resin while permitting good workability.

The premixed systems usually require a primer to ensure a 
good durable bond between the cohesive polymer matrix and 
the deck. For polyester-styrene resins, the primer is typically 
a high-molecular-weight methacrylate that penetrates into 
the concrete surface and provides for excellent mechanical 
bond to the concrete while providing chemical bonding to the 
overlay matrix. Additionally, the primer prevents long-term 
deterioration of the polyester at the concrete interface owing 
to alkaline attack when wet. Premixed systems are cohesive 
enough to be tined or screeded to provide more skid resis-
tance. Aggregates are sometimes broadcast over the screeded 
surface to enhance the surface friction of the overlay.

Slurry Overlays

Like the premixed system, the slurry incorporates aggre-
gates into the binder before placement on the deck, but the 
lower viscosities of their binders, such as epoxies and meth-
acrylate, require a well-graded fine filler component to help 
support and more uniformly disperse the larger sand par-
ticles at the desired depth. They are normally thinner than 
premixes and slightly thicker than multiple-layer systems, 
somewhere between 6 and 12 mm (0.25 in. and 0.5 in.). They 
are frequently applied with a gauge rake and sprinkled with 
an angular aggregate. 

	Slurries also rely on a primer of the substrate before the 
placement of the overlay. Slurry systems usually require a 

seal coat to help bind the aggregate that is seeded over the 
surface for additional skid resistance. Epoxies and methac-
rylates are the recommended resins for slurry overlays.

Cured Properties

The cured binders need to possess certain properties to 
perform well in TPOs. These properties include high bond 
strength to concrete substrates and the embedded TPO 
aggregates, high tensile elongation, and a very low modulus 
of elasticity (compared with the concrete substrate) to off-
set the higher coefficients of thermal expansion. They must 
also exhibit very low permeability to water, as well as good 
resistance to tire abrasion, acid rain, concrete alkalinity, and 
ultraviolet exposure.

Commercially available binder systems for the TPOs 
include several types of polymers, including epoxies (modi-
fied with copolymers in some cases), styrenated unsaturated 
polyesters, vinyl esters, and polyurethanes. Table 2 lists 
properties for several of the binder systems that are used on 
bridges (15).

AGGREGATES

TPOs require clean, dry, hard aggregates, including angu-
lar silica sand, basalt, trap rock, or flint. Most contractors 
use prebagged aggregates supplied by the overlay material 
supplier to ensure that the aggregates will be free of dirt, 
dust, oils, and moisture, and will have the correct grading for 
the specific application. Known standard bag weights also 
make it easier to keep track of the aggregate application rate, 
although large bags can result in segregation and the possi-
bility of the fines collecting in the bottom of the bags.

Multiple-Layer Aggregates

The aggregates typically specified for multiple-layer TPOs 
are hard (6 or higher for basalt and 7 or higher for other min-
eralogies on Mohs scale), angular, and tough (nonbrittle), 
and they are typically either single-sized or a gap-graded 
blend of several complementary sizes. Basalts (containing at 
least 10% aluminum oxide), calcined bauxite, some natural 
granites, and angular grained silica sand are all commonly 
used. Their size is usually very near a no. 8 sieve to keep the 
overlay thin, yet skid resistant. 

Premixed Aggregates

The aggregates for a premixed system require a few smaller 
sizes to uniformly distribute, embed, and support the largest 
aggregates that provide durable surface friction. The aggre-
gates used in the premixed systems tend to be well graded 
and more regularly shaped, like siliceous river pea gravel 
and natural river sand, because they pack more easily and 
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help reduce the resin content. Topping aggregate, like the 
aggregates in the multiple-layer systems, however, must be 
angular, hard, and tough for long-term performance. 

Slurry Aggregates

Similar to the premixed system, aggregates must be small 
and well graded. Additionally, a finely graded silica flour or 
other filler is introduced to help build the apparent viscosity 
or to add rheology and support the larger aggregates in the 
matrix. 

Table 3 lists common gradings for some of the aggregate 
systems used for TPOs.

The durability and the skid resistance of TPOs are greatly 
affected by the relative volumes and distribution of the aggre-
gates into the binder system. Also, some of the materials rely 
on a primer to ensure the best bond to the concrete substrate 
over time, and MMA slurry systems typically require a seal 
coat for better retention of the exposed friction aggregate 
course. Application rates for TPOs are listed in Table 4.

QUALIFICATION OF SUBSTRATE

Evaluation of Substrate

The deck is to be sounded for delamination, and the areas 
from which concrete is to be removed need to be clearly 
marked. The area needs to be evaluated for corrosion activ-
ity using the copper sulfate electrode method in accordance 
with ASTM C876 (26). It is important that the concrete in 
areas where the chloride content exceeds 0.77 kg/m3 (1.3 lb/

yd3) be marked for removal. The concrete substrate should 
have a minimum tensile rupture strength of 1.0 MPa (150 
psi) based on ACI 503R (13) or ASTM C1583 (14); other-
wise, the concrete must be removed and replaced.

Repair

Concrete needs to be removed in areas determined by the 
evaluation of the substrate. It is important that vertical saw 
be made to a minimum depth of 25 mm (1 in.) with care taken 

TABLE 2

POLYMERIC BINDER SYSTEMS FOR TPOs

Property Epoxy Polyester Methacrylate Test Method

Viscosity, Poise 7–25 1–5 11–13 ASTM D2393

Gel Time, Minutes 15–45 10–25 15–45 AASHTO T237

Tensile Strength (Binder) MPa @ 7 days 13.8–34.4

(2,000–5,000 psi)

13.8–34.4

(2,000–5,000 psi)

3.4–8.3

(500–1,200 psi)

ASTM D638

Tensile Elongation (Binder) % @ 7 days 30–80 30–80 100–200 ASTM D638

PC Compressive Strength, MPa @ 3 h Min. 6.9

(1,000 psi)

Min. 6.9

(1,000 psi)

Min. 6.9

(1,000 psi)

ASTM C579

PC Compressive Strength, MPa @ 24 h Min. 34.4

(5,000 psi)

Min. 34.4

(5,000 psi)

Min. 34.4

(5,000 psi)

ASTM C579

PC Tensile Bond Strength, MPa @ 24 h Min. 1.7

(250 psi)

Min. 1.7

(250 psi)

Min. 1.7

(250 psi)

ASTM 1583

PC Cure Time @ 32°C (90°F), ha 2 2 2 ASTM C109

PC Cure Time @ 24°C (75°F), ha 3 3 3 ASTM C109

PC Cure Time @ 16°C (60°F), ha 6–8 5–6 4 ASTM C109

a Time required to obtain compressive strength = 6.9 MPa (1000 psi).
Source: Sprinkel (15).

TABLE 3

TYPICAL AGGREGATE GRADINGS FOR TPOs 

(Percentage Passing Sieve)

Sieve Size Multiple-Layer 
Overlays

Slurries: 
Sand

Slurries: 
Fine Fillers

Premix 
Overlays

0.13 100

0.10 83–100

No. 4 100 62–82

No. 8 30–75 45–64

No. 16 0–5 100 27–50

No. 20 90–100

No. 30 0–1 60–80 12–35

No. 40 5–15

No. 50 0–5 6–20

No. 100 0–7

No. 140 100

No. 200 98–100 0–3

No. 270 96–100

No. 375 93–99

Source: Sprinkel (15).
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FIGURE 15  Fiber fabric applied previous to overlay over 
bridge joint.

Surface Preparation

The deck surface must be cleaned prior to placement of 
the TPO to remove all contaminants, including oil, grease, 
dirt, asphalt, paint, carbonation, weak surface mortar, cur-
ing compounds, and laitance. The surface is to be shot 
blasted the day of the placement, preferably just before 
overlay placement. A reasonable texture can be achieved 
by meeting the ICRI CSP 7 profile. Oil-free and moisture-
free compressed air can be used to remove dust or debris 
just before application of the resin. The surface should be 
dry as determined by ASTM D4263 (46) modified to keep 
the plastic sheet in place a minimum of 2 hours. Some parts 
of the deck, including low areas and other areas that drain 
slowly, such as gutters, dry more slowly and need to be 
tested to be certain that the surface is sufficiently dry to 
receive the TPO.

not to cut reinforcing steel. Concrete needs to be removed in 
such a manner as to not weaken or crack the surrounding 
sound concrete. Chipping hammers heavier than 15 lb are not 
to be used. It is important that concrete be removed beneath 
the steel to a depth of 12 mm (0.5 in.) or three times the 
diameter of the largest size aggregate, whichever is greater, 
in areas where the steel is corroded or the chloride content 
exceeds 0.77 kg/m3 (1.3 lb/yd3) at the level of the steel. Final 
cleaning could be by shot blasting or grit blasting; shot blast-
ing cannot be used for deep patches. The steel is be cleaned 
from corrosion scale and other contaminants.

Materials for repair are to be low shrinkage and applied in 
accordance with the manufacturer’s instructions. The repair 
material is to be compatible with the resins used in the TPO. 
If a hydraulic cement repair material is used, it needs to dry 
for a minimum of 28 days before placing the TPO unless 
bond tests show that earlier application is acceptable. Latex-
modified concrete repair materials need to be wet cured for 
2 to 3 days before beginning the drying process. Grinding 
might be considered to remove rough or unlevel areas.

Cracks wider than 1 mm (0.04 in.) need to be filled with 
a gravity-fill resin that is compatible with the overlay primer 
or resin. It has been noted that an application of high-molec-
ular-weight methacrylate for crack repair before installation 
of an epoxy TPO resulted in delamination of the (epoxy) 
overlay, and the reason was believed to be the incompat-
ibility of the materials (3). ACI 548.8 (2) cautions against 
placing TPOs “over crack-fill materials that will affect the 
bonding or the curing of the overlay.”

Moving cracks in the substrate will likely cause reflective 
cracking through the TPO. Synthetic fiber fabrics have been 
used over joints in segmental bridges, shown in Figure 15.

TABLE 4

APPLICATION RATES FOR TPO COMPONENTS

Overlay Multiple-Layer Epoxy Epoxy Slurry Methacrylate Slurry Premixed Polyester

Thickness, mm (in.) 6.4 (1/4) 7.5 (5/16) 7.6 (5/16) 19.1 (3/4)

Prime Coat, kg/m2 (lb/yd2) None 1.1	 0.14

1.2	 (2.0 ± 0.3)

0.41 ± 0.14/-0

(0.8 ± 0.3)

0.41 ± 0.14/-0

(0.8 ± 0.3)

Layer 1 Resin, kg/m2 (lb/yd2) 1.1 ± 0.14 

(2.0 ± 0.3)

6.0 ± 0.4 

(9.8 ± 0.8)

2.7 ± 0.27

(5.0 ± 0.5)

5.29 ± 0.41

(9.8 ± 0.8)

Layer 1 Aggregate, kg/m2 (lb/yd2) 5.4 ± 0.54

(10.0 ± 1.0)

6.5 ± 0.5

(12.0 ± 1.0)

6.5 ± 0.54

(12.0 ± 1.0)

38.6 ± 0.54

(71.0 ± 1.0)

Layer 2 Resin, kg/m2 (lb/yd2) 2.2 ± 0.14

(4.1 ± 0.3)

None None None

Layer 2 Aggregate, kg/m2 (lb/yd2) 7.6 ± 0.54

(14.0 ± 1.0)

None 7.6 ± 2.7

(14.0 ± 0.5)

None

Seal Coat Resin, kg/m2 (lb/yd2) None None 0.68 ± 0.14/-0

(1.3 ± 0.3)

None

Approx. Resin Content, % 25 25 24 13

Source: Sprinkel (15).
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The test for strength based on the test method in ACI 
503R (13) should be used to determine whether the cleaning 
procedure, that is, size of shot, flow of shot, traveling speed 
of machine, and number of passes, is adequate to provide the 
required minimum tensile bond strength. Figure 16 shows 
the setup for the tensile bond strength on a test patch of the 
installed overlay. For tensile bond strength of 1.7 MPa (250 
psi) or a failure at a depth of 6 mm (0.25 in.) or more into the 
concrete substrate, greater than 50% of the area is required. 
The result is based on the average of three tests on each test 
panel, which is normally at least 0.3 m by 0.9 m (1 ft by 3 
ft). Because the test is temperature sensitive, the test cannot 
be performed above 27°C (80°F). One test result (three tests 
on one patch) is required for each span or 418 m2 (500 ft2) of 
deck surface, whichever is greater. 

FIGURE 16  Pull-off test to determine suitability of surface 
preparation or bond strength of overlay.

INSTALLATION METHODS

Primers

Primers, if required by the manufacturer, should be compat-
ible with the concrete repair materials and the first resin coat 
to be applied.

Multiple-Layer Overlays

Figures 17 and 18 show where binder (resin or monomer sys-
tem) needs to be sprayed, squeegeed, or broomed on to the 
deck surface and followed by broadcasting gap-graded aggre-
gate to excess over the surface. Figures 19–21 show hand 
applications, chip spreader, and salting truck for applying 
aggregates. The aggregate must be allowed to spread out and 
fall downward into the resin, with the dust and fines carried 
off in the air. In hot weather, aggregate should be slowly and 
evenly built up on the surface until no wet spots are visible but 
before the resin begins to gel. After the binder has cured, the 
loose aggregate is removed from the deck and a second layer 
is applied. The first layer consists of approximately 1.0 kg/m2 

(2 lb/yd2) of binder and 5.4 kg/m2 (10 lb/yd2) of aggregate. 
The second layer consists of approximately 2.2 kg/m2 (4 lb/
yd2) of binder and 7.6 kg/m2 (14 lb/yd2) of aggregate. The 
resin content is approximately 25% by weight of the overlay. 
The thickness is about 6.4 mm (0.25 in.)

FIGURE 17  Applying epoxy to deck for multiple-layer overlay.

FIGURE 18  Brooming epoxy over surface.

Slurry Overlays

For MMA, a primer of monomer or resin system should be 
applied at a rate of 0.41 ± 0.14 kg/m2 (0.8 ± 0.3 lb/yd2) fol-
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rate of 7.6 ± 0.27 kg/m2 (14.0 ± 0.5 lb/yd2). A binder seal 
coat of 0.68 ± 0.14 kg/m2 (1.3 ± 0.3 lb/yd2) is applied. The 
binder content is approximately 24% by weight of the over-
lay (primer and seal coat). The thickness is about 7.6 mm 
(0.31 in) (6).

Premixed Overlays

Approximately 12% binder should be mixed with the 
aggregates. A primer is usually applied to the surface at a 
rate of 0.41 ± 0.14 kg/m2 (0.8 ± 0.3 lb/yd2) to improve the 
bond strength. The polymer concrete is placed and a vibra-
tory screed is used to strike off and consolidate the PC. In 
some applications, continuous batching and paving equip-
ment has been successfully used to place premixed PC. The 
thickness is about 19 mm (0.75 in.) The polymer concrete 
could be consolidated to a relative compaction of not less 
than 97% in accordance with California Test Method 551. 
Wood screeds can be used to obtain good surface texture 
in the form of transverse irregular ridges for premixed PC 
(34). A suitable skid resistance can be achieved by placing 
grooves in the fresh PC or by broadcasting aggregates onto 
the fresh PC surface (15). Figure 22 shows the finished sur-
face of an overlay.

FIGURE 22  Finished overlay surface.

Material Handling, Mixing, and Placement Temperatures

Handling and Mixing

It is important that the handling and mixing of the resins and 
curing agents be performed in a safe manner that is accor-
dance with the manufacturer’s written recommendations. 
Illinois DOT requires that resins be stored in their original 
containers inside a heated warehouse in a dry area with tem-
peratures maintained between 16°C (60°F) and 32°C (90°F) 
Workers directly exposed to the resins are to wear protective 
gloves and goggles. Material Safety Data Sheets should be 
prominently displayed at the storage site, as per the Illinois 

lowed by a slurry mixture of 2.7 ± 0.27 kg/m2 (5 ± 0.5 lb/
yd2) of binder and 6.5 ± 0.54 kg/m2 (12 ± 1.0 lb/yd2) of man-
ufactured-supplied filler. Gap-graded aggregate (as used in 
multiple-layer overlays) is broadcast onto the surface at a 

FIGURE 19  Hand application of aggregates over resin.

FIGURE 20  Chip spreader application of aggregates.

FIGURE 21  Salting truck for applying aggregates over epoxy.
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2007 TPO specification. Hsu et al. (47) provide a summary 
of safety requirements for using chemicals for concrete-
polymer materials.

Michigan DOT indicates that if the in-place material is 
defective, it is usually because of improper proportioning or 
mixing. Using different colors for multicomponent systems 
helps to reduce proportioning errors (8).

Missouri DOT has reported that an incorrect type of mix-
ing paddle can lead to air bubbles in the epoxy, which results 
in pitting on the surface of the TPO. Harper (7) recommends 
that “jiffy” or “Sika” paddles be used.

Placement Temperatures

The temperature of placement is important. Not all DOTs 
specify a minimum temperature for placement; 10°C (50°F) 

to 16°C (60°F) is the range of minimum temperatures for 
epoxies reported by several DOTs. Some DOTs specify 
the same temperature for the deck and ambient; some use 
a slightly higher minimum temperature for the deck. Some 
DOTs specify the minimum temperature of the TPO com-
ponents to be the same as the minimum ambient and/or deck 
temperature. North Carolina DOT recommends that the 
temperature be above 24°C (75°F).

Harper (7) suggests that for bridges with steep grades or 
with super elevations, an upper limit on temperature be pro-
vided to prevent the resin system from becoming too low in 
viscosity and ponding at the lowest elevation.
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CHAPTER FIVE

REPAIR

•	 The substrate surface is cleaned, usually by shot 
blasting.

•	 The same or similar overlay materials and application 
methods are used to replace the removed overlay (44).

In Alberta, aging TPOs subjected to wear and loss of skid 
resistance have been successfully treated by applying the 
asphaltic chip coats over the surfaces (48).

TPO repairs generally proceed as follows:

•	 Sounding is normally conducted to find the extent of 
delamination.

•	 The perimeter of the distressed area of overlay is saw 
cut.

•	 The overlay inside the saw cut is removed using a small 
chipping hammer to minimize damage to the concrete 
substrate and surrounding overlay.
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CHAPTER SIX

CONCLUSIONS

Thin polymer overlays (TPOs) have become a widely 
used construction method in North America for protect-
ing bridge surfaces, restoring skid resistance, and a bridge 
preservation treatment for extending the lives of decks. 
The use of TPOs tripled from 1990 to 1999 and more than 
quadrupled from 1999 to 2008. More than half of the states 
and several of the Canadian provinces have used TPOs. 
AASHTO, the American Concrete Institute, and a number 
of states have developed specifications for the construction 
of TPOs.

Three types of overlays are widely used: multiple layer 
that consists of two or more layers of resin and aggregate; 
slurry that consists of a single layer of primer, resin, and 
aggregate followed by a seal coat; and premixed that uses 
resin and aggregate mixed in continuous batching machines 
or concrete mixers and placed on decks using screeds. The 
most common resins and monomers are epoxies, polyester-
styrenes, methacrylates, and epoxy-urethanes. Most agen-
cies use contractors to install TPOs, but some use their 
own forces.

TPOs give the best performance when applied to decks 
that are in good condition. TPOs must be constructed in 
accordance with established principles to provide good per-
formance. The most important factors for the success of 
TPOs are—

•	 Sound, dry substrate that requires quality repair 
procedures;

•	 Adequate preparation to provide a clean, textured dry 
surface;

•	 Environment including dry and warm weather;
•	 Experienced applicator and good workmanship to 

ensure proper application of materials;

•	 Involvement of resin supplier or manufacturer to assist 
contractor in proper handling, mixing, and application 
of resins; and

•	 Thermal compatibility that requires low-modulus res-
ins and compatibility of resins and repair materials.

TPOs have an important role in bridge maintenance and 
protection. They are particularly appropriate in high-traffic 
areas in which lane closures must be minimized and for 
structures that cannot accommodate significant increases in 
dead load. When constructed properly, TPOs can provide a 
service life of 20 to 25 years.

RESEARCH NEEDS

Research is needed to improve the performance and to 
extend the life of TPOs. Suggested areas of research include

•	 Development of resins, including those from recycled 
plastics, that will perform under extreme conditions, 
such as very low or very high temperatures, heavy traf-
fic volumes, or heavy loads;

•	 Development of polymer concretes that will self-heal 
in the event of cracks and delamination;

•	 Development and validation of tests that will more 
accurately predict long-term performance of polymer 
concrete systems when used in a wide range of tem-
peratures, heavy loads, and heavy traffic volumes;

•	 Improved analytical techniques to select material prop-
erties and thicknesses of TPOs to perform satisfacto-
rily in the intended conditions; and 

•	 Development of nondestructive test procedures that 
will accurately determine whether the condition of 
bridge decks is suitable for TPO application. 
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GLOSSARY OF TERMS

Accelerator—See Initiator.

Catalyst—See Initiator.

Cross-linking agent—Bifunctional or polyfunctional 
monomer whose addition to a polymer system increases 
the rigidity, resistance to solvents, and softening point of 
the polymer.

Curing agent—See Initiator and Hardener.

Epoxy resin—A resin that contains or did contain epoxy 
groups principally responsible for its polymerization.

Flash point—The lowest temperature at which the vapor of 
a combustible liquid can be made to ignite momentarily 
in air.

Glass transition temperature (Tg)—The temperature at 
which an amorphous material (such as glass or a high 
polymer) changes from a brittle, vitreous state to a plastic 
state.

Hardener—The chemical component added to epoxy resins 
that causes the resin to harden or cure.

Inhibitor—Free-radical scavengers added to monomers to 
react with and deactivate the free radicals in growing 
polymer chains, and to act as antioxidants to prevent 
polymerization by oxidation product reaction during 
monomer storage.

Initiator—Agent that initiates growth of polymer chains by 
decomposing into free radicals that actually start the 
chain’s growth; often incorrectly called a catalyst.

Microcracks—Small, numerous, noncritical cracks that can 
develop in hardened concrete in the matrix and at matrix–
aggregate interfaces both prior to the concrete receiving 
external loads or during loading.

Monomer—A small molecule from which much larger poly-
mer molecules can be made; usually in liquid form for 
concrete applications.

Monomer depletion—The loss of monomer because of 
evaporation from the surface of hardened concrete prior 
to the polymerization process associated with the produc-
tion of polymer-impregnated concrete.

Multiple-layer overlay—Two or more layers of polymer 
concrete bonded to concrete; normally each layer con-
sists of an application of resin with aggregate broadcast 
into the surface.

Plasticizer—Chemical additions to monomers to improve 
the flexibility of inherently brittle polymers.

Polymer—The product of polymerization, more commonly 
a rubber or resin consisting of large molecules formed by 
polymerization.

Polymerization—The reaction in which two or more mole-
cules of the same substance combine to form a compound 
containing the same elements, and in the same propor-
tions, but of high molecular weight, from which the origi-
nal substance can be regenerated, in some cases only with 
extreme difficulty.

Polymer concrete (PC)—A composite material in which the 
aggregate is bound in a matrix with a polymer binder.

Porosity—The ratio, usually expressed as a percentage, of 
the volume of voids in a material to the total volume of 
the material, including the voids.

Premix placement—The method of initially blending a 
polymer binder, with fine and coarse aggregate and fill-
ers, if used, and then mixing until all particles are com-
pletely wetted. Once the composite has been mixed as 
required, it is transported and placed. Term applies to 
polymer concrete.

Prepackaged polymer concrete—Polymer concretes whose 
individual components (that is, monomer or resin, fillers, 
and aggregates) are premeasured and packaged by the 
manufacturer for a prescribed sequence of introduction 
into the mixing process.

Promoted-catalytic method—A polymerization method 
that uses promoters or accelerators to cause the decompo-
sition of organic peroxide initiators, and subsequent 
release of free radicals that allow polymerization to take 
place at ambient temperature without the need for an 
external source of energy.

Promoter—See Initiator.

Resin—A natural or synthetic, solid, or semisolid organic 
material of indefinite and often high molecular weight, with 
a tendency to flow under stress. It usually has a softening or 
melting range and usually fractures conchoidally.

Shelf life—Maximum interval during which a material may 
be stored and remain in a usable and safe condition.

Silane coupling agent—Silicon compounds having the gen-
eral formula (HO)3SiR were R is an organic group compat-
ible with thermoplastic or thermosetting resins. They are 
used to enhance the chemical bond of organic polymers to 
inorganic materials such as sand, rock, glass, and metals.

Slurry overlay—Overlay applied by placing an application 
of resin or monomer followed by broadcasting aggregate 
onto the surface.
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Solvent—A liquid capable of dissolving another substance.

Thermal-catalytic method—A polymerization method that 
uses chemical initiators that are dissolved in the mono-
mer before introducing the mixture into the concrete. The 
subsequent application of external heat then causes the 
polymerization to occur at a rapid rate.

Thermosetting—Term applied to synthetic resins that solid-
ify or set on heating or curing and cannot be remelted.

Thin polymer overlays (TPOs)—One or more layers of 
polymer concrete bonded to concrete, normally 1 in. or 
less in thickness.

Viscosity—Friction within a liquid owing to mutual adher-
ence of its particles. Low-viscosity liquid monomers flow 
more easily into the pores of concrete at ambient tempera-
tures and pressures than do high-viscosity monomers.
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1. NCHRP SYNTHESIS 39-11: PERFORMANCE OF THIN POLYMER OVERLAYS FOR BRIDGE DECKS

Introduction/Background: The National Cooperative Highway Research Program (NCHRP) has requested that a synthesis 
of polymer overlays for concrete bridge decks be conducted. Thin polymer overlays (TPOs), also referred to as polymer con-
crete or polymer mortar overlays, which consist of a polymer binder; e.g., epoxies, polyesters, or methacrylates, and aggre-
gates are constructed with a thickness of no more than 1.0 in. They have the advantages of (1) adding very little dead load; 
(2) very fast cure times; (3) shallow depths that eliminate need for raising approach slabs; (4) transition from overlaid lane to 
non-overlaid lane during construction; (5) low permeability, (6) long-lasting wearing surface; and (7) frictional resistance. 
Many TPOs have been installed and it is critically important to summarize their performance in one document.

The intent of this synthesis is to summarize the history and performance of thin polymer overlays over the past 20 years 
and specifically:

•	 Summarize the research, specifications, and procedures
•	 Summarize the performance data based on field applications
•	 Determine the primary factors that influence the performance of these overlays

Your assistance in responding to this questionnaire is very important to the success of this effort to produce the most 
accurate and complete synthesis possible. We are asking you to complete the Agency Questionnaire below. As well, there is 
an attached TPO Questionnaire asking for information on specific TPOs you have completed. If your agency used its own 
forces to install a TPO, there are some additional questions on this questionnaire relating to Agency-as-Installer. 

These questionnaires can be completed on-line. Please save and email back the completed questionnaires to David Whit-
ney, whose email address is below. 

We particularly appreciate any comments you may have. Please provide any unpublished reports or documents that 
you may have related to TPOs. Please feel free to contact either of us if you have any questions or comments that you would 
like to discuss:

David W. Fowler		  David W. Whitney
Professor			   Manager, Construction Materials 
University of Texas at Austin	 Research Lab		
dwf@mail.utexas.edu		  University of Texas at Austin
512 232 2575			   dpwhitney@mail.utexas.edu
						     512 471 4529

APPENDIX A

Questionnaires
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Thin Polymer Overlays

AGENCY QUESTIONNAIRE

1.	 In which state are you employed?

2.	 Your name:______________________Phone:________________ Email:_ ______________________

3.	 What is your organization? 

�� State DOT

�� Other public transportation agency

4.	 Has your agency constructed one or more thin polymer overlays (TPO)? 
	 (See the cover letter for a more complete description of TPO.)

�� Yes (Please continue to question 5.)

�� No (If no, you are finished with the survey. Your time and attention are sincerely appreciated. Please send the 
form back to the email address at the end of the questionnaire.)

5.	 In what year did you construct your first TPO?

6.	 How many TPOs has your agency constructed? (Normally one TPO is defined as one bridge; if more than one type 
TPO is used on a bridge, each type would be a separate TPO.)

7.	 What was the last year that you constructed a TPO?

8.	 Do you plan to construct TPOs in the future?

�� Yes

�� No—If no, skip to question 12.

9.	 For what reasons will you construct TPOs (check all that apply)?

�� To improve skid resistance.

�� To extend life of deck.

�� To surface bridge deck that has been repaired due to spalling or cracking.

�� To provide a uniform surface for appearance.

�� To waterproof the deck.

10.	 What resin systems will you specify?

11.	 What method of installation will you specify?

12.	 If you do not plan to construct additional TPOs, please indicate the reason:

�� Too expensive

�� Poor performance

�� Other (please indicate):

	 Please indicate why TPOs were used originally.
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Please save and email back the completed questionnaire to David Whitney, dpwhitney@mail.utexas.edu.

For specific TPO projects you have completed, we most appreciate you filling out the TPO questionnaire, also attached to the 
transmittal email. 

2. QUESTIONNAIRE TO AGENCIES

Information on each TPO

Please complete the following questions for each TPO your agency has constructed. This can be accomplished by copying the 
following questionnaire and filling it in as many times as needed. We request that you complete one of the following question-
naires for each different TPO if possible. We need to determine the performance of different polymer systems on different 
types of bridge decks subjected to different environmental conditions during application and during the life of the TPO. If 
you are not able to provide information on each TPO, please provide as much information as possible. Feel free to call us if 
you would like to discuss the information.

Information on original bridge deck

13.	 State in which TPO is located:

14.	 Bridge reference name/number/location:_ __________________ Year constructed_ ______________

15.	 Bridge structure:  Prestressed girders  Prestressed box beams  Steel beams 

�� Other (describe):_ _______________________________________________________________

16.	 Substrate was  concrete  steel (If steel go to question 23.)

17.	 Deck concrete actual compressive strength_________ psi or NA 

18.	 Coarse aggregate in deck concrete: 

�� Limestone	  Silica gravel	  Basalt

�� Other      

19.	 Fine aggregate in deck concrete:

�� Silica sand	  Limestone fines

�� Other

20.	 Actual air content: in original deck concrete

	 % or NA 

21.	 Condition of deck at time of TPO placement (check all that apply):

�� Sound, no spalls	  Low surface friction	

�� Corrosion:  Less than 10% of area  10–25% of area  Over 25%

�� Delaminated:  Less than 10% of area  10–25% of area  Over 25%

�� Alkali-silica/alkali-carbonate reaction distress:  Yes  No
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22.	 Deicing salt application:  None  Moderate  Heavy  Magnesium chloride

23.	 Prior deck repairs:  No  Yes If yes, briefly describe

Polymer overlay:

24.	 Year installed:      	

25.	 Was bridge kept in service during TPO installation?  yes  no

26.	 Contractor contact information

	 Please send Questionnaire B to them, or check the box , if you prefer that we send it to him. Researchers send? 

27.	 Number of lanes:____________ Length:_________ ft. Area of TPO:_________ sq. yd.

28.	 Nominal thickness:_ ______ in.

29.	 Monomer/resin system:  Acrylic;  Epoxy;  Polyester  Other:      

30.	 Resin supplier:____________________

31.	 Aggregate type:___________________

Environment at time of placement:

32.	 Moisture:  Dry for previous 2 weeks;  Rain during previous 2 weeks;

	  Rain during previous 3 days.  Other:

33.	 Air Temperature:  Below 50°F  50 to 70°F  70 to 85°F 

	  Over 85°F

34.	 Surface preparation: Sand blast  Shot blast  Milling  Hydro blast

	  Other:      

35.	 Approximate depth removed:_ _____ in.

Application method:

36.	 Monomer/resin system mixing method:  Hand  In line mixing

37.	 Method of application:

�� Resin system mixed and sprayed on deck followed by broadcasting aggregate

�� Resin system mixed and poured on deck followed by broadcasting aggregate

�� Resin system and aggregate premixed and applied to deck

�� Other:      
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38.	 Thickness control:

�� Gauge rakes used to control thickness

�� Screed guides used with screed or paver to control thickness

�� Self-leveling (notched squeegees, brooms or rollers used to spread polymer)

39.	 Number of layers:      

40.	 Curing method:  Ambient conditions  Insulating blankets

�� Other:      

41.	 Original cost: $_ _________ /sq. yd.

Other information

42.	 Estimated additional TPO life prior to significant repairs or removal:____________years

43.	 Do you have original specifications:  Yes  No 

	 If yes, please attach a copy of the construction specifications.

44.	 Describe any problems/spalling/cracking and repairs that have been made in the TPO.

	 If you have reports on the TPO installation and/or evaluation please attach.

45.	 The purpose of the overlay for this bridge was (check all that apply): 

�� Restore frictional resistance. (If so, please give the change in frictional resistance, before and after TPO,  
if known.)

�� Provide impermeable surface on sound deck

�� Provide impermeable surface on deteriorated deck which has been repaired

�� Restore surface on steel deck 

�� Other:___________________________________________

46.	 Please indicate any recommended changes in your specifications.      

Please save your completed form and email back to David Whitney at dpwhitney@mail.utexas.edu. Thank you for your 
time in this survey. If your agency was an installer on this TPO, please complete the following questions. 
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Agency-as-Installer Questions

For agencies whose own forces have performed TPO installations, please complete the following questions for each TPO 
your local agency forces have installed. This can be accomplished by copying the following questionnaire and filling it in as 
many times as needed. We request that you complete one of the following questionnaires for each different TPO if possible. 
We need to determine the performance of different polymer systems on different types of bridge decks subjected to different 
environmental conditions during application and during the life of the TPO. If you are not able to provide information on each 
TPO, please provide as much information as possible. Feel free to call us if you would like to discuss the information.

47.	 Name of unit:___________________ Your name:____________________

48.	 Unit’s location:________________________________________________

49.	 Phone:__________________________ Email:________________________

50.	 Name/location of bridge:________________________________________

51.	 Owner:______________________________________________________

52.	 Substrate was  concrete  steel (If steel, go to question 10.)

53.	 Condition of bridge at time of placement: 

�� Sound condition  Minor spalling/cracking  Moderate spalling/cracking.

54.	 Had bridge been previously repaired?  Yes  No

55.	 Did you perform substrate repairs as part of the overlay project?  Yes  No.

	 If “yes,” what type of repair material was used?      

56.	 Surface preparation:  sand blast  shot blast  milling  hydro blast

�� Other:____________________________________________________

57.	 Overlay application:

	 Resin/monomer system:_ _______________________________________

	 Mixing method:_______________________________________________

	 Application method:___________________________________________

	 Number of layers:_________________ Thickness:____________________ in.

	 Type of aggregate:_____________________________________________

	 Method of finishing:___________________________________________

	 Curing method:__________________ Ambient temperature_ __________ °F

58.	 Problems encountered:_________________________________________

59.	 Recommended changes in specifications/procedures:

Please save your completed form and email back to David Whitney at dpwhitney@mail.utexas.edu. Thank you for 
your time in this survey.
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3. CONTRACTOR QUESTIONNAIRE

NCHRP Synthesis 39-11: Performance of Thin Polymer Overlays for Bridge Decks

Introduction/Background: The National Cooperative Highway Research Program (NCHRP) has requested that a synthesis 
of polymer overlays for concrete bridge decks be conducted. Thin polymer overlays (TPOs), also referred to as polymer con-
crete or polymer mortar overlays, which consist of a polymer binder; e.g., epoxies, polyesters, or methacrylates, and aggre-
gates are constructed with a thickness of no more than 1.0 in. They have the advantages of (1) adding very little dead load; 
(2) very fast cure times; (3) shallow depths that eliminate need for raising approach slabs; (4) transition from overlaid lane to 
non-overlaid lane during construction; (5) low permeability, (6) long-lasting wearing surface; and (7) frictional resistance. 
Many TPOs have been installed and it is critically important to summarize their performance in one document.

The intent of this synthesis is to summarize the history and performance of thin polymer overlays over the past 20 years 
and specifically:

•	 Summarize the research, specifications, and procedures
•	 Summarize the performance data based on field applications
•	 Determine the primary factors that influence the performance of these overlays

Your assistance in responding to this questionnaire is very important to the success of this effort to produce the most 
accurate and complete synthesis possible. As a contractor, we are asking you to complete the attached questionnaire. We 
particularly appreciate any comments you may have and would request that you provide any reports or documents that 
you may have related to TPOs. Please feel free to contact either of us if you have any questions or comments that you would 
like to discuss:

David W. Fowler		  David W. Whitney
Professor			   Manager, Construction Materials 
University of Texas at Austin	 Research Lab		
dwf@mail.utexas.edu		  University of Texas at Austin
512 232 2575			   dpwhitney@mail.utexas.edu
						     512 471 4529

Contractor Questionnaire

Please complete the following questions for each TPO you have installed. This can be accomplished by copying the follow-
ing questionnaire and filling it in as many times as needed. We request that you complete one of the following questionnaires 
for each different TPO if possible. We need to determine the performance of different polymer systems on different types of 
bridge decks subjected to different environmental conditions during application and during the life of the TPO. If you are not 
able to provide information on each TPO, please provide as much information as possible. Feel free to call us if you would 
like to discuss the information.

1.	 Name of firm:_______________ Your name:_________________________

2.	 Location:_ _________________

3.	 Phone:_____________________ E-mail:____________________________

4.	 Name/location of bridge:______

5.	 Owner:____________________

6.	 Substrate was  concrete  steel (If steel, go to question 10.)

7.	 Condition of bridge at time of placement: 

�� Sound condition  Minor spalling/cracking  Moderate spalling/cracking.
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8.	 Had bridge been previously repaired?  Yes  No

9.	 Did you perform repairs as part of your contract?  Yes  No

	 If “yes,” what type of repair material was used?      

10.	 Surface preparation:  sand blast  shot blast  milling  hydro blast

	 Other:_____________________

11.	 Overlay application:

	 Resin/monomer system:_ _______________________________________

	 Mixing method: _ _____________________________________________      

	 Application method:___________________________________________

	 Number of layers:____________ Thickness:_ ________________________ in.

	 Type of aggregate:_____________________________________________

	 Method of finishing:___________________________________________

	 Curing method:_____________ Ambient temperature_________________ °F	

12.	 Problems encountered:      

13.	 Recommended changes in specifications/procedures:	

Please save your completed form and email back to David Whitney at dpwhitney@mail.utexas.edu. Thank you for 
your time in this survey.

4. MATERIAL SUPPLIER QUESTIONNAIRE

NCHRP Synthesis 39-11: Performance of Thin Polymer Overlays for Bridge Decks

Introduction/Background: The National Cooperative Highway Research Program (NCHRP) has requested that a synthesis 
of polymer overlays for concrete bridge decks be conducted. Thin polymer overlays (TPOs), also referred to as polymer con-
crete or polymer mortar overlays, which consist of a polymer binder; e.g., epoxies, polyesters, or methacrylates, and aggre-
gates are constructed with a thickness of no more than 1.0 in. They have the advantages of (1) adding very little dead load; 
(2) very fast cure times; (3) shallow depths that eliminate need for raising approach slabs; (4) transition from overlaid lane to 
non-overlaid lane during construction; (5) low permeability, (6) long-lasting wearing surface; and (7) frictional resistance. 
Many TPOs have been installed and it is critically important to summarize their performance in one document.

The intent of this synthesis is to summarize the history and performance of thin polymer overlays over the past 20 years 
and specifically:

•	 Summarize the research, specifications, and procedures
•	 Summarize the performance data based on field applications
•	 Determine the primary factors that influence the performance of these overlays

Your assistance in responding to this questionnaire is very important to the success of this effort to produce the most 
accurate and complete synthesis possible. As a material supplier, we are asking you to complete the attached questionnaire. 
We particularly appreciate any comments you may have and request that you provide any reports or documents that you 

Long-Term Performance of Polymer Concrete for Bridge Decks

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/14623


� 57

may have related to TPOs. Please feel free to contact either of us if you have any questions or comments that you would like 
to discuss:

David W. Fowler		  David W. Whitney
Professor			   Manager, Construction Materials 
University of Texas at Austin	 Research Lab
dwf@mail.utexas.edu		  University of Texas at Austin
512 232 2575			   dpwhitney@mail.utexas.edu
						     512 471 4529
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4. Material Supplier Questionnaire

	 Your name:_____________________ Company:_____________________

	 Phone:      ______________________ E-mail:_ ______________________

	 How many years have you supplied resins?__________________________

	 Provide information on each resin system you furnish for TPOs:

Resin No. 1:

	 Type:  Epoxy  Acrylic  P/S  Other:_ _____________________

	 Viscosity @ 75°F________________ cps 

	 Tensile elongation (ASTM D638)_ __ %

		 Gel time_______________________ min. and cure time_ _____________ min @ 75°F

		 Is cured polymer breathable (allows moisture vapor out of concrete)? 

�� Yes 	  No

	 Date first installed as TPO:

	 Approximately how many bridges?

	 States used: 

Resin No. 2:

	 Type:  Epoxy  Acrylic  P/S  Other:_ _____________________

	 Viscosity @ 75°F________________ cps 

	 Tensile elongation (ASTM D638)_ __ %

	 Gel time_______________________ min. and cure time_ _____________ min @ 75°F

	 Is cured polymer breathable (allows moisture vapor out of concrete)? 

�� Yes 	  No

	 Date first installed as TPO:	

	 Approximately how many bridges?      

	 States used:      

Please save your completed form and email back to David Whitney at dpwhitney@mail.utexas.edu. Thank you for 
your time in this survey.
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APPENDIX B

Stresses In Overlays

Reference: Choi, D., D.W. Fowler, and D.L. Wheat, “Thermal Stresses in Polymer Concrete Overlays,” Properties and Uses 
of Polymers in Concrete, ACI Special Publication No. 166, 1996, pp. 93–122.

This reference provides a method for analytically predicting the stresses in TPOs because of temperature changes. The 
method is facilitated by the graphs that are shown in chapter two, Figures 12, 13, and 14, respectively, for shear, normal and 
axial stresses. It should be noted that the stresses in these graphs are for one-way or beam elements; for overlays that are two-
way elements, the stresses must be multiplied by 1/(1− µo), where µo is the coefficient of thermal expansion of the overlay.

EXAMPLE: TPO with moderate thickness and low-modulus epoxy resin

The following properties are assumed:

Overlay thickness, to = 0.40 in.	 Overlay modulus, Eo = 100,000 psi

Substrate thickness, ts = 8.0 in.	 Substrate modulus, Es = 4,000,000 psi

Overlay thermal coefficient, αo = 15 × 10-6 in./in./°F

Substrate thermal coefficient, αs = 6 × 10-6 in./in./°F

Overlay Poisson’s ratio, µo = 0.25	 Temperature drop, ΔT = 35°F

Differential strain between overlay and substrate, ΔεT = (αo − αs) ΔT 

ΔεT = (15 – 6) × 10-6 in./in./°F × 35°F = 315 in./in.

Because the stresses shown in chapter two, Figures 12, 13, and 14 are based on ΔεT = 500 in./in., the stresses from the graphs 
must be multiplied by the ratio of 315/500 = 0.63. Because the graphs were developed for beam elements and the overlay is a 
two-way system, the stresses must be multiplied by

1/(1 − µo) = 1/(1 − 0.25) = 1.33.

From chapter two, Figures 11, 12, and 13, for to/ts = 0.05 and Eo/Es = 0.025, find stresses and multiply by modification 
factors:

Shear stress = 27 psi × 0.63 × 1.33 = 23 psi,

Normal stress = 20 psi × 0.63 × 1.33 = 17 psi,

Axial stress = 76 psi × 0.63 × 1.33 = 64 psi.

EXAMPLE: TPO with greater thickness and high-modulus epoxy resin

The following properties are assumed:

Overlay thickness, to = 1.0 in.	 Overlay modulus, Eo = 2,000,000 psi

Substrate thickness, ts = 8.0 in.	 Substrate modulus, Es = 4,000,000 psi

Overlay thermal coefficient, αo = 12.5 × 10-6 in./in./°F
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Substrate thermal coefficient, αc = 5.5 × 10-6 in./in./°F

Overlay Poisson’s ratio, µo = 0.22	 Temperature drop, ΔT = 35°F

Differential strain between overlay and substrate, ΔεT = (αo − αs) ΔT 

ΔεT = (12.5 – 5.5) × 10-6 in./in./°F × 35°F = 245 in./in.

Because the stresses shown in chapter two, Figures 12, 13, and 14 are based on ΔεT = 500 in./in., the stresses from the 
graphs must be multiplied by the ratio of 245/500 = 0.49. Because the graphs were developed for beam elements and the over-
lay is a two-way system, the stresses must be multiplied by 

1/(1 − µo) = 1/(1 − 0.22) = 1.28.

From chapter two, Figures 12, 13, and 14, for to/ts = 0.05 and Eo/Es = 0.5, find stresses and multiply by modification factors:

Shear stress = 309 psi × 0.49 × 1.28 = 194 psi,

Normal stress = 154 psi × 0.49 × 1.28 = 97 psi,

Axial stress = 1070 psi × 0.49 × 1.28 = 672 psi.

Discussion

The two examples illustrate the very significant effect that using high-modulus, thick overlays has on the stresses produced 
compared with using thinner, low-modulus overlays. These stresses should be compared with the bond strength, shear 
strength, and the tensile strengths for the overlay as determined by lab tests. The strengths should be divided by an appropri-
ate factor of safety. 

Long-Term Performance of Polymer Concrete for Bridge Decks

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/14623


� 61

APPENDIX C

Warranty And Payment Bond

The manufacturer of the epoxy binder and the Contractor shall jointly and severally furnish a bond for the faithful perfor-
mance of all obligations imposed upon each by the clauses hereof entitled “Manufacturer’s Warranty” and “Contractor’s 
Warranty” and also for the payment of all lawful claims of subcontractors, material men, and workmen arising out of the per-
formance of each such Warranty. Such bond shall be in the form bound herewith entitled “Warranty and Payment Bond,” shall 
be in a penal sum equal to the Lump Sum compensation inserted in the Form of Contract clause entitled “General Agreement” 
and such bond shall be signed by one or more sureties* satisfactory to the Authority. The bond may be executed on a separate 
copy of such form not physically attached to this Contract booklet. In any case, both the form of bond bound herewith and any 
unattached executed copy thereof shall form a part of this Form of Contract as though herein set forth in full.

Submit such bond to the Authority with the Proposal.

*	 Sureties must be corporations (commonly known as “surety companies”), authorized to do business as sureties in the state(s) in which the construction site 
is located, whose names appear on the current list of the Treasury Department of the United States in effect at the time of submission of the Warranty and 
Payment Bond to the Authority as acceptable as sureties to the Treasury Department. In addition, the aggregate underwriting limitations on any one risk as set 
forth in the aforementioned list of the Treasury Department of the sureties shall equal or exceed the penal sum of the Warranty and Payment Bond.
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MANUFACTURER’S WARRANTY

WHEREAS, 	 Name of Manufacturer†	 , Address _________________
Telephone ______________________, FAX _ ____________________________________________________		
manufactured the epoxy binder for Authority Contract LGA-124.058, entitled “La Guardia Airport Wearing Course Installa-
tion on Runway Decks”; a copy of said Contract is hereby made a part of this warranty as though set forth in full; and

WHEREAS, the above-named entity has agreed to warrant the Work as such term is defined in Contract LGA-124.058 to the 
Port Authority of New York and New Jersey, to preserve the performance of the Work against any degradation of performance 
from the requirements of said Contract during the term of said Contract and for a period of five (5) years from the date of 
issuance of the Certificate of Final Completion for Contract LGA-124.058; and

WHEREAS, the above-named entity agrees to repair the Work in the event of any degradation of performance of the Work 
as specified in 3.03 of the Section of the Specifications for Contract LGA-124.058, entitled “Epoxy Overlay,” as determined 
solely by the Manager, La Guardia Airport, and further agrees to commence repair within three (3) calendar days of notifica-
tion from such Manager of the necessity for such repair and perform such repair operations continuously between the hours 
of midnight and 6:00 a.m., seven days a week (weather permitting), 365 days per year until completion of each such repair to 
the satisfaction of the Manager, La Guardia Airport; and

WHEREAS, the above-named entity agrees that no exclusion to this Warranty shall be made for any reason whatsoever; and

WHEREAS, this Warranty shall be deemed to have been made by the above-named entity pursuant to the requirements of 
Contract LGA-124.058, and with the full knowledge that it would become a part of the records of the Authority and that the 
Authority will rely on its truth and accuracy in awarding Contract LGA-124.058; and

WHEREAS, the above-named entity agrees to insure its financial viability for the term of Contract LGA-124.058 and the 
Warranty period thereafter in accordance with the clause of Contract LGA-124.058 entitled “Warranty and Payment Bond”;

NOW, THEREFORE, the above-named entity hereby warrants the Work as such term is defined in Contract LGA-124.058, 
jointly and severally with any other entity which executes a Warranty for the Port Authority of New York and New Jersey with 
respect to Contract LGA-124.058, jointly and severally with any other entity which executes a Warranty to the Port Authority 
of New York and New Jersey with respect to Contract LGA-124.058;

IN WITNESS THEREOF, the above-named entity has caused this instrument to be executed by a duly authorized officer.

____________________________________________________________

(Type or print name of Manufacturer)

	 By:_________________________________________________________

(Signature of officer of Manufacturer)

	 ____________________________________________________________

(Type or print name of officer of Manufacturer)

	 ____________________________________________________________

(Type or print title of officer of Manufacturer)

	 ____________________________________________________________

(Type or print date)

†	 Insert Manufacturer’s name. If a corporation, give state of incorporation, using the phrase, “a corporation organized under the laws of the State of ________ .” 
If a partnership, give full names of partners, using also the phrase, “co-partners doing business under the firm name of ______________________________ .” 
If an individual using a trade name, give individual name, using also the phrase, “an individual doing business under the trade name of _ _______________ .”
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CONTRACTOR’S WARRANTY

WHEREAS,	  (Name of Contractor)‡	 , Address _________________, 
Telephone _______________________________________________________________________________, 
FAX ___________________________________________________________________________________, entered into a 
Contract in writing with the Authority, a copy of which is hereby made a part of this warranty as though set forth in full and 
which is designated Contract LGA-124.058 entitled “La Guardia Airport Wearing Course Installation on Runway Decks”; and

WHEREAS, the above-named entity has agreed to warrant the Work as such term is defined in Contract LGA-124.058 to the 
Port Authority of New York and New Jersey, to preserve the performance of the Work against any degradation of performance 
from the requirements of said Contract during the term of said Contract and for a period of five (5) years from the date of 
issuance of the Certificate of Final Completion for Contract LGA-124.058; and

WHEREAS, the above-named entity agrees to repair the Work in the event of any degradation of performance of the Work 
as specified in 3.03 of the Section of the Specifications for Contract LGA-124.058, entitled “Epoxy Overlay,” as determined 
solely by the Manager, La Guardia Airport, and further agrees to commence repair within three (3) calendar days of notifica-
tion from such Manager of the necessity for such repair and perform such repair operations continuously between the hours 
of midnight and 6:00 a.m., seven days a week (weather permitting), 365 days per year, until completion of each such repair to 
the satisfaction of the Manager, La Guardia Airport; and

WHEREAS, the above-named entity agrees that no exclusion to this Warranty shall be made for any reason whatsoever; and

WHEREAS, this Warranty shall be deemed to have been made by the Contractor pursuant to the requirements of Contract 
LGA-124.058, and with the full knowledge that it would become a part of the records of the Authority and that the Authority 
will rely on its truth and accuracy in awarding Contract LGA-124.058; and

WHEREAS, the above-named entity agrees to insure its financial viability for the term of Contract LGA-124.058 and the 
Warranty period thereafter in accordance with the clause of Contract LGA-124.058 entitled “Warranty and Payment Bond”;

NOW, THEREFORE, the above-named entity hereby warrants the Work as such term is defined in Contract LGA-124.058 
jointly and severally with any other entity which executed a Warranty to the Port Authority of New York and New Jersey with 
respect to Contract LGA-124.058;

IN WITNESS THEREOF, the above-named entity has caused this instrument to be executed by a duly authorized officer.

____________________________________________________________

(Type or print name of Contractor)

By: _________________________________________________________

(Signature of officer of Contractor)

____________________________________________________________

(Type or print name of officer of Contractor)

____________________________________________________________

(Type or print title of officer of Contractor)

____________________________________________________________

(Type or print date)

‡	 Insert Manufacturer’s name. If a corporation, give state of incorporation, using the phrase, “a corporation organized under the laws of the State of ________ .” 
If a partnership, give full names of partners, using also the phrase, “co-partners doing business under the firm name of ______________________________ .” 
If an individual using a trade name, give individual name, using also the phrase, “an individual doing business under the trade name of _ _______________ .” 
If a joint venture, insert name as appropriate for one participant of the joint venture on this page and attach and complete an additional page in the same form 
as spears on this page for each other participant as required.
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