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Sealing of deteriorated concrete surfaces and the provision of
a new, durable wear surface cannot readily be accomplished
through the use of conventional paving materials, such as con-
crete or asphaltic-concrete. Various synthetic resin systems
have beenevaluated as sealers and as binders for wear courses
in attempting to resolve this problem. Epoxy resin systems
have been widely investigated and have the longest history of
satisfactory use. This paper describes the performance of a
system based on polyester resins, over a wide variety of ex-
posures and use conditions. The polyester system is basically
quite simple and versatile, involving application of a catalyzed
resin to a clean, dry, sandblasted road surface at a rate of
3 Ib/sq yd. Clean, dry, round-grain silica is broadcast in ex-
cess onto the wet resin. After the resin has cured in 30 to 60
min the excess sand is brushed off. Three such coats are
generally recommended, giving a final thickness of at least
Y4 in. The system cures rapidly over a variety of temperature
conditions, 40 to 110 F, so that traffic can be allowed over the
surface within an hour after application.

oTHE USE of synthetic thermosetting resins, primarily epoxy resins, as a binder for
road surfacing has become familiar in recent years. Epoxy resin systems have been
widely investigated and have a long history of satisfactory use. Less well known are
the polyester resins, a versatile, low-cost type of resin.

Concrete and asphalitic-concrete are very useful materials for road and bridge sur-
faces because of their low cost and excellent performance under usual conditions. It
is recognized, however, that these materials can show severe failures under adverse
climatic conditions involving freeze-thaw conditions. Under severe freeze-thaw action,
concrete can spall, crack and allow penetration into the slab by water and deicing salts.
Such action may lead to attack on reinforcing steel, which is especially critical on
bridges or overpasses because of the threat to structural integrity. It is evident that
bridge or overpass decks are more critical than roadway surfaces, because of the dif-
ficulty of replacing them or of bypassing them during periods of repair. Since both top
and bottom surfaces of a bridge are exposed to freezing action, the effect of freeze-
thaw damage is more severe than on a concrete slab on grade. The flexing action of
bridges also plays a part in creating damage that can be further magnified by freeze-
thaw action, It is also evident that improper construction and materials can give rise
to failures even in mild climates.

Nearly all areas have older bridges that for various reasons may require resurfacing.
Bituminous overlays are not always an adequate resurfacing material. They are sub-
ject to weathering, which hardens the bituminous binder, to freeze-thaw spalling action
and to overload stresses. Furthermore, such overlays, once penetrated, do not pro-
tect the underlying slab and can mask the attack of water and salts on the reinforced
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concrete, A further limitation in the case of bridges and overpasses is that a bitumi-
nous overlay, which must be applied to an appreciable thickness, contributes a signifi-
cant load to the structure, which may tax the structural limitations of the bridge.

The advent of low viscosity, 100 percent polymerizable, thermosetting resins, such
as polyesters and epoxies, has permitted a new and effective approach in protecting
vulnerable bridge surfaces against freeze-thaw spalling, high wheel loadings and ag-
gressive chain action and chemical and weathering influences. This is accomplished
at reasonable costs with minimal interference with normal traffic movement and with
minimal increase in structural loading combined with excellent wear and traction
characteristics.

While polyesters, especially, are very low-cost synthetic resins, the economics of
their use dictates that they are only justified in the most critical areas and in relative-
ly thin applications. On the other hand, bridges and overpasses are critical areas and
the use of thin applications is consonant with the low increased structural loadings.

APPLICATION PROCEDURE

The applications were all of limited extent and were not machine-applied. Appli-
cation of the polyester system is basically quite simple. The concrete road surface is
thoroughly cleaned free of dirt, grease or oil, rubber and unsound concrete by sandblasting.
If necessary, unsound concrete is removed by jack-hammering. Acid-etching is not con-
sidered a suitable method of surface preparation as it will not remove oil or grease, is
difficult to accomplish on a large scale and causes delay while the surface is drying. It
is fundamental for polyester application that the surface to which it is applied be com-
pletely dry. Proper surface preparation is essential if the resinous overlay is to per-
form properly. Preparation may, in certain circumstances, involve the use of a spe-
cial epoxy primer.

Holes in the cleaned surface are brought to grade with a polyester-sand mortar,
troweled in. A coat of properly catalyzed polyester is applied to the road surface at
the rate of about 3 Ib/sq yd (about ¥ gal/sq yd). The resin is poured over the section
to be coated and then spread evenly over the surface with stiff push brooms. Notched
rubber squeegees may also be used. A typical section of 15 ft long by 14 ft wide would
have about 70 Ib of resin spread on it. As soon as the resin is spread, it is covered
with an excess of the aggregate used. Application is by shovel, with the aggregate
being thrown into the air in such a manner as to fall vertically into the wet resin. The
resin sets in approximately 10 to 20 min under normal conditions. Once the resin has
set, the excess aggregate may be swept off and the surface is ready for another layer
of resin and aggregate. In general, -one primer layer and two surfacing layers are rec-
ommended. This results in an overlay approximately Yi-in. thick.

Because of the fluid nature of the resin, the system has a very effective self-leveling
action. Any minor depressions in the surface tend to fill with resin and the aggregate
sinks to the bottom of these spots, leaving a "wet" spot on the surface. Further aggre-
gate is broadcast over these wet spots until they remain dry.

A variety of aggregates can be used, but they must be clean, dry and sound in char-
acter and free of excessive fines. Angular material can be used and it has performed
well, but most applications have used a round grain, Eastern silica sand. A mesh size
of 10-20 gives a good nonskid traction surface, although larger aggregate can be used
if a rumble strip action is desired.

Because of the light color of the polyester, the color of the finished overlay is es-
sentially that of the aggregate. If desired, the use of suitable colored aggregate will
give a colored overlay, or the polyester itself may be readily pigmented to give dura-
ble colors. It is not considered possible to so pigment the system that it will be identi-
cal in appearance to the usual concrete road surface. The additional cost involved in
pigmenting a resinous overlay can only be justified if some special need requires it, as
for special lane marking,

The system is readily mixed and applied with simple equipment. Catalyst and resin
may be mixed by hand, or with power mixers in an open-head drum. Pot life and cure
time of the catalyzed resin are adjusted by catalyst level and may be varied to suit a



38

wide variety of temperature conditions. The desirable temperature range is 55 to 90
F, road surface temperature. However, temperatures as low as 40 F or as high as
110 F may still be accommodated. In this respect the polyester system is more versa-
tile than are epoxy systems.

Although the applications were hand applied, it is quite evident that the entire pro-
cess could readily be mechanized for large-scale applications. Thus, a minor modifi-
cation of the usual road-oil distributor to provide two spray bars, two pumps and two
tanks would allow spraying of the polyester. The resin would be supplied in promoted
form in one tank and catalyzed form in the second tank and applied through separate
spray bars, arranged so that the two sprays mixed as they dropped to the road surface.
As this technique indicates, mixing is much less critical for the polyester system. Pot
life would not present a problem, since polyester catalyzed with benzoyl peroxide can
be stable for several days. Cleaning of mixing heads, typical of epoxy systems, would
not be needed with polyester.

The metered resin spray would be followed immediately by a sand spreader. Excess
sand would be dropped into the fluid resin and the system allowed to cure. Because ot
the ease with which polyester is catalyzed, mixed and adjusted in cure rate, the cure .
time could readily be reduced to less than 15 min. The excess sand could be swept up
by a power sweeper after the resin had cured and the surface would be ready for another
application. In effect, the polyester system could be applied as readily as road oil.
However, because of the rapid and positive cure of the polyester system, the road sur-
face could be opened to traffic in less than an hour after the application.

RESIN CHARACTERISTICS

Polyesters of the sort being discussed are more properly termed "unsaturated poly-
esters. ' They are typically a solution in styrene of the esterification product of a gly-
col, such as propylene glycol and suitable dibasic acids. The dibasic acids generally
used are phthalic anhydride (or its isomeric acid form, isophthalic acid) and maleic
anhydride, which provides the unsaturation. The viscous esterification product is dis-
solved in styrene, which reduces viscosity markedly, in the present case to 600 to 900
centipoises. When properly catalyzed with a peroxide, such as benzoyl peroxide or
methyl ethyl ketone peroxide, the styrene reacts with the unsaturated maleic groups to
form a thermoset resin. Only small amounts of catalyst in the range of 1 percent are
required.

Polyester cure ig initiated by a free-radical mechanism and this has important im
plications in the use of the resin. Because free radicals can generate cure over a fi-
nite distance, mixing of the polyester resin and catalyst is less critical than for sys-
tems that cure by a chemical reaction, such as epoxies, where complete mixing is es-
sential for proper cure. It is this free-radical mechanism which makes possible the
simple application of polyester mentioned above, from the intermixing of two spraysof
resin, with consequent elimination of pot life and clean-up problems.

Because of the cure mechanism involved and the high state of development of poly-
ester technology, it is possible to obtain proper cure over a very wide range of temper-
atures—from below 40 F to over 150 F, if needed. In general, thisisnotpossible with
epoxy resins, especially those systems that are highly diluted with coal tar or asphalt.
Since polyesters are produced in large volume from low cost raw materials, they are
relatively inexpensive, in the range of $0.22 to $0.35 per pound. They are available
in a wide range of properties, from rigid to flexible, with excellent abrasion and wea-
ther resistance, are essentially colorless and are not toxic nor do they produce
dermatitis.

At the beginning of the program, consideration was given to the type of resin to be
used. Ideally, any overlay applied to concrete should have certain properties: it
should bond integrally with the substrate, it should seal the substrate from water and
deicing salts, it should provide at least as good abrasion resistance as the concrete it-
self, it should have identical physical properties of thermal expansion and contraction
over the range of temperatures involved, and, finally, it should be capable of rapid
cure under a wide variety of conditions. As is well known, concrete does not meet all
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TABLE 1 of these conditions, nor does asphaltic-con-
PROPERTIES OF 31-830 POLYLITES (8130) crete. The characteristics of polyester filled
with aggregates were sufficiently well known
that it was clear that no reasonable composi-

Liquid 31-830 Polylite

;/;:Z?;:Lygm:;r 77F ?0103'9]00]5 tion was capable of having the same physical

Weight per gallon, Ib 9.5-9.7 properties as concrete. It was especially

SPI gel characteristics: clear that the thermal coefficient of expan-
Gel time, min, 6-8 5 e
Cure time, min. 9-12 sion and the modulus of elasticity of concrete
Peak exatherm temperature, F 300-340 could not be identically matched with a res-

inous system, even if a rigid resin were

Cured, Unfilled Castings of 31-830 Polylite "
used. Stress was placed on those properties

Shore D hardness 70-80 CH %
Tensile strength, psi 05000 because of their importance on bridge and
Elongation,% 45-65 overpasses that are exposed to low tempera-
*;:exvm: S'redns?fh, psi Yie:ds ture conditions and vibration.

exural modulus, psi Yields 5 % 3
Gemprassive stiorghs Vields ' Based on these.c.onsmer'atmns, it was de-
Heat distortion point, F Yields cided to use a resilient resin rather than a
Coefficient of thermal expansion (-30 to 75 F) 11.8x% 1073 r1g1d resin. It was theorized that as a brldge
Reg. U.S. Pat. OFF, surface expanded and contracted and flexed

in service, the resilient resin-aggregate ma-

trix, being more flexible than the concrete

substrate, would readily conform to these
changes. Accordingly, a special, resilient isophthalic resin' was used in this pro-
gram. The resin has the properties given in Table 1. It is a highly resilient polyester
with outstanding toughness and combines high elongation with unusually high tensile
strength. Its properties were reported in detail at the 1964 SPI meeting in Chicago (1).
It has been the basic resin used in our program and the results appear to verify our
hypothesis.

Polyesters do not bond to concrete as well as do epoxy resins. In mild climates,
where freeze-thaw conditions are not usual, the bond of polyester to concrete appears
to be adequate for satisfactory service. However, in freeze-thaw areas, where the
polyester-aggregate matrix is applied to concrete that is on grade and where the slab
is subject to saturation with water from snow, dela.mmatmn of polyester overlays oc-
curs. To overcome this problem, a special epoxy primer® was developed which sup-
plies the necessary adhesion. This primer is a 100 percent solids system, of low vis-
cosity and rapid cure and is supplied in two parts which are mixed in equal volumes. It
markedly increases the adhesion of the system epoxy-primer-polyester wear coats to
concrete and is readily bonded to by the polyester. The epoxy prime coat is applied at
a rate of 2% 1b/sq yd, and is also sanded before cure.

From experience it became evident that a single coat of polyester and aggregate was
not adequate to provide both wear and sealing of the concrete substrate. This is con-
firmed by experience gained by the State of California, using an oil-extended epoxy sys-
tem, when it coated some 17 bridges and overpasses in the Donner Summit area of I-80
in 1964, Although the epoxy system adhered well, it wore through during the first win-
ter to such an extent that any sealing action achieved in the application was lost. Our
present recommended system apphes three coats of resin and sand, to yield a final
coating thickness of approximately Yain. The three coats of resin insure a positive
seal of the concrete substrate and the Ya in. thickness insures long life. Application
costs are minimized, since the three coats of resin and sand can be applied within one
day. Traffic can be allowed over the system well within an hour after the last coat is
applied. From applications to date, it appears that the material cost of three coats of
resin and sand or aggregate would be very close to $0.40 per square foot for an over-
lay Ya in. thick. The life expectancy of such an overlay cannot be defined precisely, but
experience suggests that at least 10 and possibly 20 years are very likely. Should the
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overlay wear out or become damaged, it would be easy to renew the surface. Sand-
blasting to clean the surface would be followed by one or two coats of polyester and ag-
gregate. In view of the ease of pigmentation of polyester, the use of color for lane
marking or for on and off-ramps would be readily accomplished.

SUMMARY

A progressive series of test applications of polyester road and bridge surfacings
was carried out. These overlays have been in a variety of climatic and wear areas.
While not all applications have been successful, information has been derived from suc-
cesses and failures which has allowed development of a system that shows unusual
promise when exposed in the very severe Donner Summit area. Here the combined
epoxy primer-polyester wear coat system has performed in a manner much superior
to recognized commercial epoxy road surfacing systems.

It would appear that two different systems based on 31-830 Polylite are possible.
For severe exposure areas, where snow, freeze-thaw spaiiing and deicing conditions
exist, and where the bond of polyester on grade is inadequate, a system based on the
epoxy primer and the resin appears promising. For milder climates, either on or off-
grade, a system based on the resin appears to be quite adequate both for adhesion and
wear. The possibility that the polyester system alone will be adequate in severe cli-
mates for bridges and overpasses may be determined by tests now under way.

Comparisons were made of the performance of the polyester system to epoxy sys-
tems and not always to the advantage of the epoxy systems. This was done primarily
because epoxy resins are generally accepted as being the more suitable for road sur-
facing purposes. One of the purposes of this investigation was to bring out the ability
of polyester resins to perform in a satisfactory manner for the same purposes.

The low cost of polyester resins, their ease and rapidity of application without com-~
plex equipment, their controllable speed of cure even under adverse temperature con-
ditions, their excellent wear resistance under heavy traffic and severe weather condi-
tions are all factors in favor of this new and useful material being used to resolve some
of the problems confronting the maintenance engineer.

It is quite obvious that testing of road surfacing materials must be done under actual
highway conditions. Access to suitable road surfaces can only be obtained through the
cooperation of various state highway bodies.
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