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CHAPTER 1—INTRODUCTION

1.1—General

Reinforced concrete, steel grid, and steel orthotropic decks
are constantly exposed to deicing salts and other environ-
mental factors such as acid rain and pollution chemicals.
Escalating costs of preservation and replacement of bridges
and parking garage decks have promoted construction and
maintenance options such as high-density concrete overlays,
latex-modified concrete overlays, membrane/asphalt overlays,
cathodic-protection systems, epoxy-coated reinforcing bars,
and thin polymer concrete (PC) overlays (Mo et al. 2012).

Each option has advantages and disadvantages that should
be analyzed before a choice is made. Costs vary by region
with the availability of materials and experienced contractors.
In addition, the life expectancies of these options are different.

Bridges and parking garage decks contain structural
elements that are susceptible to premature failures due to
moisture, chlorides, freezing and thawing, and wear from
high traffic volumes.

1.1.1 Advantages—Compared with other overlay systems,
PC overlays are cost effective on a life cycle cost basis (Kim
and Lee 2013). Rapid-cure characteristics of PC overlays
minimize disruptions, reduce traffic-control costs, and ease
the inconvenience of scheduling repairs. With dead load of
only 2 to 6 Ib/ft? (9.8 to 29.3 kg/m?), PC overlays result in
greater live-load capacity than heavier conventional systems.
This is a critical factor to be considered for aging structures.
At application thicknesses of 3/8 to 1 in. (10 to 25 mm), PC
overlays do not require modification of expansion joints or
drainage structures. They are highly resistant to the penetra-
tion of water and exhibit better chloride-intrusion resistance
than other types of concrete overlays. In addition, they offer a
high skid resistance and wearing resistance for both concrete
and steel deck protection (Lopez-Anido et al. 1998; Wang
et al. 2013). PC overlays can be installed without special-
ized equipment; however, technical expertise is required.
Maintaining quality control is important, and proper surface
preparation requires close attention.

1.1.2 Disadvantages—A disadvantage associated with PC
overlays is that they must be applied to dry surfaces. The
workability and curing rate of PC overlays are dependent on
the substrate, material, and ambient temperatures. Polymer
overlays are not intended to provide resistance to reflective

1.2—History of polymer concrete overlays

Polymer concrete (PC) overlays date back to the 1950s,
with original systems consisting of a single layer of coal-
tar epoxy evenly spread over the substrate and broadcast
with aggregate. These overlays were relatively porous and
did not stand up well to heavy traffic. In the early 1960s,
oil-extended epoxy came into use in an attempt to improve
resistance to water penetration. By the mid-1970s, low- and
medium-modulus 100 percent solids epoxy formulas were
introduced, and many of these systems continue to be used
successfully today.

By the mid-1960s, single- and double-layer polymer
broadcast systems and polyester resins, and methyl meth-
acrylate overlays were introduced. The first premixed and
screeded polymer and aggregate systems also appeared at
this time. Thicker PC overlays and brittle materials were
used, frequently exhibiting cohesive failure in the concrete.
Through trial and error, resin formulations were modified to
provide better thermal compatibility and improved physical
properties. Resistance to chemical and mechanical attack,
corrosion resistance, and performance under adverse instal-
lation conditions have also been the subject of extensive
development. For instance, Whiting (1991) showed, using
field measurements, that corrosion current in reinforced
concrete bridge deck substrates is decreased when a low-
permeability overlay (for example, latex-modified concrete
overlay) was installed. Virmani (1992) showed that electri-
cally conductive PC overlays can be used as secondary anodes
to distribute cathodic protection current across the concrete
surface and provide a skid- and water-resistant surface. PC
overlays have been shown to be successful, though some
problems still exist. Many of these problems are the result of
inadequate surface preparation, improper application tech-
niques, or inappropriate selection of polymer materials.

There have been many improvements in PC materials and
technology. PC overlays are now generally specified with
flexible resins and high-friction wear-resistant aggregates.
Workmanship and inspection techniques have also improved
as designers, inspectors, and applicators have gained experi-
ence related to the causes and prevention of PC overlay defects
continues to improve. Some of the best practices on PC over-
lays have been reported by Fowler and Whitney (2011).

1.3—Scope

This guide is intended to aid in the proper selection and
application of PC overlays for structures in the transpor-
tation industry, focusing primarily on bridge and parking
garage decks. Materials discussed are epoxies, polyesters,
and methacrylates for application on either concrete or
steel surfaces.

In general, these overlays are used for the protection of the
substrate and are designed to be compatible without causing
stress. The low permeability of PC overlays makes them
resistant to the penetration of water and provides protec-
tion against chloride penetration. Overlays are designed to
minimize deterioration from repeated thermal expansion and

contraction (Fowler et al. 2001). In MditioDLOGumnts
the characteristics of PC overlays, this gnideyneludes shapsrin g Hub
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ters on surface preparation, application, quality control, and
handling and safety. The information should allow the reader
to select materials for a given application and may serve as
the basis for the preparation of overlay specifications.

CHAPTER 2—DEFINITIONS

Please refer to the latest version of ACI Concrete Termi-
nology (https://www.concrete.org/store/productdetail.
aspx?ItemID=CT13) for a comprehensive list of definitions.
Definitions provided herein complement that resource.

A/B component—individual parts of a polymer binder
system; components typically consist of resin and curing
agent (also known as a hardener).

broadcast—to scatter over a wide area by hand or
mechanical method.

catalyst—substance that markedly speeds up the curing
of a binder when added in minor quantity.

compressive strength—measured maximum resistance
of a concrete or mortar specimen to axial loading; expressed
as force per unit cross-sectional area.

crosslinking—joining of preformed linear polymer chains
to each other to form three-dimensional networks.

cure time—interval after mixing in which a polymer
concrete system develops the required strength

flexibilizer—additive that gives a rigid plastic flexability.

gel time—time interval after mixing that a liquid material
exhibits a significant viscosity increase.

high-molecular-weight  methacrylate—low-viscosity
substituted methacrylate monomer that is characterized by
low volatility.

initiator—substance capable of causing the polymeriza-
tion of a monomer by a chain reaction mechanism.

methyl methacrylate—low-viscosity =~ methacrylate
monomer that is characterized by high volatility.

monomer—organic liquid of relatively low molecular
weight that creates a solid polymer by reacting with itself,
other compounds of low molecular weight, or both.

organic peroxides—sources of free radicals used in
polymerization and crosslinking.

polyester—group of resins, mainly produced by reaction of
unsaturated dibasic acids with dihydroxy alcohols; commonly
dissolved in a vinyl group monomer such as styrene.

promoters—reducing agent compounds added to the
monomer system to cause the decomposition of the peroxide
initiators in the system (often called accelerators).

reflective cracking—phenomenon where cracks form in
the overlay directly over existing cracks in the substrate.

rutting—formation of a depression in the overlay.

scarification—process of scratching, cutting, or chipping
the existing concrete surface for the purpose of cleaning and
texturing it.

sensitization—act, process, or result of sensitizing or
making sensitive.

skinning—in polymer concrete, the loss of patches of
material from the top surface of the overlay, usually associ-
ated with overworking it.

surface failure—Iloss of top surface aggregates from the
polymer binder in polymer concrete.

American Concrete Institute — Copyrighted © Material — www.concrete.org
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surface broadcasting—application of aggregate to the
freshly applied polymer concrete resin or premix matrix
overlay to provide intercoat adhesion or to act as the
wearing course.

surface tining—scoring or grooving of the polymer
concrete overlay to provide for drainage, additional skid
resistance, or both.

wear—deterioration of a surface due to traffic, use, the
environment, or a combination of these.

near white metal surface—metal substrate that has been
abrasively blast-cleaned.

working life—time period between the mixing of polymer
concrete and the point at which its viscosity has become
too high to be workable or too high to bond properly to the
substrate.

CHAPTER 3—POLYMER BINDERS

3.1—General

Polymer concrete (PC) is a class of composite materials
that includes a broad group of organically bound mortar,
each with its own distinctive properties. Familiarity with the
properties of each group is essential to understanding PC.

The resins used as binders for the formulation of PC are
monomers or polymer/monomer solutions that are mixed at
the time of application with their respective curing agents.
The cured polymer serves as the binder for aggregate and
fillers in the same manner that portland cement acts to bind
conventional concrete.

The polymer families most commonly used for the prepa-
ration of PC overlays are epoxies, polyesters, and methacry-
lates. The chemical compositions of each of these polymer
binders are distinctly different, and the PC they form have
varying properties.

3.2—Properties of polymer binders

Polymer binders are classified by both uncured and cured
properties that are measured in the laboratory according to
industry standards. The nature of these properties and their
relationship to the performance of the PC are described in
the following.

3.2.1 Uncured properties—The uncured properties of
polymer binders are related to their handling characteristics.
In addition to methods of application, environmental condi-
tions may dictate the use of selected systems.

Polymer binders may be distinguished by the viscosi-
ties of the individual or mixed components. These values
may range from 100 to 2500 centipoise (cps). For appli-
cations with deck surface slopes of greater than 3 percent,
higher viscosities may be required for neat applications of
the polymer with aggregate broadcast into the surface to
maintain uniform thickness. Binder resins with a low initial
viscosity are suitable for highly filled PCs prepared by the
premix or slurry method, with or without broadcasting on
the surface.

The working life of the binder is dependent on the amount

mixed, material temperature, Su%stratelaﬂﬁum ents

ambient temperature. As mere iat. rialmﬁ%?ﬁ?ﬁ Hub
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the ambient temperature and substrate temperature increase,
the working life is reduced. Gel time of the mixed polymer
can be determined by observing a 2.5 oz. (70 mL) sample in
a container until it begins to solidify. The time recorded does
not describe the exact working life of the PC; however, it
gives an indication of the relative reactivity.

Resins and their curing agents may be toxic before cure.
Toxicity potential varies widely from one system to another,
even within the same polymer family. Contact may result
in allergic reactions such as dermatitis. Unprotected exposure
could lead to health hazards. It is for these reasons that toxicity
information, handling precautions, and disposal procedures
supplied by the manufacturer should be understood and
observed. In general, protective clothing, adequate ventila-
tion, and cleanliness are necessary. The safety data sheets
should be reviewed before handling any polymer system.

Most resins will burn under certain conditions. Flam-
mable components of a polymer system may ignite under
high concentrations of vapor in air, especially when their
flash points are within the range of temperatures found under
ambient conditions. Handling and safety of PCs are covered
in Chapter 8.

3.2.2 Cured properties—Impermeability of the cured
binder will reduce or eliminate penetration of oxygen, mois-
ture, and the infiltration of chlorides, which are the cause
of corrosion of reinforcing steel. Chloride levels that result
in current recordings of less than 100 coulombs per ASTM
C1202 are associated with negligible corrosion. Properties
of cured polymer binders contribute to the behavior of the PCs
and thus dictate their uses. Knowledge of cured properties of
the binders, such as compressive strength, tensile strength,
and elongation, are important in determining key character-
istics that are not easily measured on installed PC overlays.

The bond strengths of polymer binders directly affect the
bond of their corresponding PCs to various substrates. They
are also important factors when these binder resins are used
as primers before the application of a PC overlay.

Bond strength depends on the cleanliness, soundness,
texture, and moisture content of the substrate—a fact to
be kept in mind when considering the use of any polymer
system. Methods of preparation, testing, and general precau-
tions are described in Chapter 4.

3.3—Epoxies

3.3.1 Description—Epoxy systems used as binders for
polymer concrete (PC) overlays are two-component system,
with one component containing the epoxy resin and the
second containing the curing or hardening agent (Barbuta
et al. 2010). Because of their specific molecular structure,
epoxy polymers develop strong bonds to portland-cement
concrete, steel, and other surfaces. Neither the uncured nor
the cured binders are affected by alkalinity; therefore, they
are particularly useful when applied to concrete. A variety
of curing agents, flexibilizers, and other additives affect the
properties of the cured epoxy. Properties of concern include
mechanical properties, thermal compatibility that is related
to coefficient of thermal expansion, modulus of elasticity,

(acis

Full document details: ACI 548.5R-16

Table 3.3.2a—Typical uncured properties of epoxy
binders for PC overlays

Property Value Test method
Viscosity ASTM D2556 No. 3 at 20
mixed 70002500 cps rpm. Brookfield RVT
. . ASTM C881/C881M at 73°F
Gel time 15 to 45 minutes (23°C) (modified 70 mL)
o (o]
Flash point ZOO.F. (93°C) ASTM D3278
minimum

Table 3.3.2b—Typical physical properties of cured
epoxy binders for PC overlays

Property Value Test method
. 2000 to 5000 psi
7-day tensile strength (14 to 35 MPa) ASTM D638 (Type 1)
Tensile elongation 30 to 70 percent | ASTM D638 (Type 1)
Modulus of elasticity, 130,000 psi ASTM D695
maximum (895 MPa) compressive modulus

Permeability of chlorides —
rapid chloride permeability
test values at 28 days

100 coulombs

. AASHTO T 277
maximum

creep resistance, rate of strength development, and the ability
to cure and perform within a wide range of environmental
conditions. Epoxy systems can be formulated to resist attack
from a variety of chemicals, such as acids, bases, solvents,
and fuels. Epoxy systems containing solvents and unreactive
diluents should not be used.

3.3.2 Epoxy properties—All components used for phys-
ical testing should be conditioned at 73 + 2°F (23 + 1°C) for
at least 24 hours before mixing, curing, or testing. Typical
properties of uncured and cured epoxy binders are listed in
Tables 3.3.2a and 3.3.2b, respectively.

3.3.2.2 Chemical resistance—Cured epoxy binders are
resistant to water, deicing chemicals, dilute acids, gasoline,
and other petroleum products.

3.3.2.3 Weathering—The surface broadcast aggregate
protects the epoxy binder from weathering.

3.3.2.4 Wear—The wear performance of the PC overlay
will be determined by several factors, including the polish
and wear resistance of the aggregate, vehicle type, traffic
volume, tire abrasion, and chain abrasion.

3.3.3 Primers—Many application methods do not require
the use of a primer. Primers can be used where required
to achieve improved bond and water tightness. Ultra-low-
viscosity epoxy formulas are also used to seal hairline cracks
before placing a PC overlay.

3.3.4 Working life—The period of time in which the epoxy
may be applied is measured by the gel time (pot life). The
working life is approximately doubled by decreasing the
binder temperature for every 18°F (10°C); increasing the
temperature has an equal and opposite effect. Each formula
has a low temperature limitation of workability and curability
and is measured by ASTM C881/C881M. Low-modulus
formulas will cure and create adhesion to a substrate from
50 to 120°F (10 to 49°C). Formulas should only be used
within the curable range specified by the
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