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SUMMARY AND RECOMMENDATIONS

This final report summarizes the results of a study of the use of epoxy
compounds in the shallow surface repair and sealing of concrete bridge decks.
The research effort, which concentrated on the use of epoxy resin systems as
bonded overlays, included evaluations of test strips of seven materials on two
structures in northern Virginia, supplemented by observations of approximately
fifty full-scale applications.

The wearing of a thin bonded epoxy overlay exposed to traffic, as mani-
fested in the loss of both skid resistance and protection afforded the underlying
concrete, is the definitive factor in the service life of the application. The re-
sistance to wearing of the exposed overlays observed in this study was generally
disappointing and the use of an asphaltic wearing course o protect the epoxy seal
coat is considered essential to the continued effectiveness of an overlay application.

The skid resistance afforded by an exposed epoxy overlay must be considered
a limiting factor in its service life. The study indicates that, regardless of the type
of deslicking aggregate employed, unprotected epoxy overlays suffer a continuing
decline in skid resistance under exposure to fraffic. Such applications, particularly
those containing coal tar modified epoxy resin systems which tend to lose aggregate
and polish, should be evaluated periodically for loss of skid resistance.

Further findings of the study are reflected in the following recommendations
pertaining to the application of epoxy seals fo bridge decks.

1. The deck surface should be checked for soundness prior to the
application of the seal coat and all concrete of poor quality removed.
The material characteristics of an epoxy overlay prevent it from
protecting concrete which is not structurally sound.

2. The deck surface should be cleaned by sandblasting until the coarse
aggregate in the concrete is visible. The debris from the sand-
blasting should be broomed away and the deck blown clean through
use of an air compressor., If at all possible, water should not be
applied to the deck.

3. If the deck is wetted prior to the application of the seal coat, the
concrete should be allowed to dry for at least 48 hours (2 drying
cycles).

4. The two components of the epoxy compound must be accurately
proportioned and thoroughly mixed, preferably by mechanical
means. A thixatropic agent should be added to the system if the
slope of the deck surface is such that flow of the epoxy will present
a problem.

5. The epoxy resin system should be applied at a rate of 3 to 3.5
gallons per square yard, unless the manufacturer specifies a
thinner application for reasons of material characteristics. The
application must be made within the temperature range specified
by the manufacturer.

iii
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Rounded aggregate particles passing the number 20 sieve should
be applied to the epoxy laver as soon 4s possible after its place-
ment. The trajectory of the particles should be near vertical at
the time of impact with the epoxy,

An asphaltic wearing course should be applied to the cured epoxy
membrane to protect it from wear and loss of skid resistance
under exposure to traffic. The findings of this study indicate
that a dense plant mix surface course will suffice to protect the
seal coat on most normal highway bridges, and modification of
the mix with the addition of asbestos or rubberized materials is
not necessary,
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EXPERIMENTAL PROCEDURE

Test Strip Applications

Two structures in northern Virginia, the bridge carrying the northbound
lane of Route 1~-95 over Occoquan Creek and the bridge comprising Ramp C of the
interchange of Route I~-95 and Route 1, were selected to receive test applications
of seven epoxy compounds placed in strips across the width of the roadways, as
shown in Figures 1 and 2. These special test sirip applications allowed the con~-
sideration, with convenience and minimum cost, of the several variables described

below.

Epoxy Resin Compounds

The seven epoxy resin systems chosen for inclusion in the tests afier con-
ferences with several manufacturers are listed below:

1.

P. E. Surface Sealer — a light colored, two component, mineral
filled, polysulfide modified system supplied by the Products Research
Company, Burbank, California.

Surface Kote — a light colored, two component, amine cured system
supplied by the Sika Chemical Corporation, Lyndhurst, New Jersey.

Resiweld 7120 — a light colored, two component, amine cured system
supplied by the H. B. Fuller Company, St. Paul, Minnesota.

Concresive 1064~3 —~ a light colored, two component, petroleum ex~-
tended, amine cured system supplied by Adhesives Engineering, San
Carlos, California. '

MRAX 1062 (now marketed as Guardkote 250) — a light colored, two
component, petroleum extended, amine cured system supplied by the
Shell Chemical Corporation.

Guardkote 140 — a black, two component, coal tar modified system
supplied by the Sika Chemical Corporation, Lyndhurst, New Jersey.

Resiweld 7140 — a black, two component, coal tar modified system
supplied by the H. B. Fuller Company, St. Paul, Minnesota.

Surface Preparation

As shown in Figures 1 and 2, one of the two test sections on each structure
was cleaned by acid etching, the other by sandblasting.
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EVALUATION OF EPOXY COMPOUNDS AS A MATERIAL FOR
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by
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Highway Research Engineer

INTRODUCTION

Epoxy resin systems, in a variety of formulations, have been widely used in
the maintenance of highway bridges. The results obtained through the use of these
compounds have varied from complete success to total disaster, the effectiveness
of any given application being dependent on a number of factors involving the use of
proper application techniques and a knowledge of the limitations of the epoxy resin
system employed. Definition of some of the factors involved in the successful use
of epoxy compounds to seal and repair concrete bridge decks was the objective of
a study initiated in 1964 by the Virginia Highway Research Council, (1) This final
report summarizes the findings of that study.

The Virginia research effort has been concentrated almost entirely in the
use of a variety of epoxy resin systems as thin bonded overlays, layers of epoxy
from 20 to 60 mils thick in which deslicking aggregate is embedded, applied as
seal coats on bridge decks. The patching of concrete was studied only in the con-
text of shallow surface repairs effected through the application of an epoxy mortar
overlay, which, unfortunately, proved to be less than successful., It is believed that

the general use of epoxies in the repair of concrete is well covered in the literature (2}

SCOPE

The Virginia study included the installation and observation of test applications
of seven commercially available epoxy resin compounds serving as thin bonded over-
lays, utilizing two means of surface preparation and two deslicking aggregates, on
newly constructed structures exposed to heavy traffic; a limited program of laboratory
testing; and observations of several full-scale applications of epoxy resin overlays of
various types. These facets of the study are described in some detail in the following
section.
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Type of Deslicking Aggregate

Two types of aggregate, a silica sand and an aluminum oxide grit, were used
on each structure. All of the epoxy materials used identical sand and grit aggregates,
and each aggregate was used with both types of surface preparation as shown in Figures
1 and 2. The overlay test strips using silica sand as deslicking aggregate will here~
after be referred to as sand strips, while those using aluminum oxide grit will be
referred to as grit strips. The results of a sieve analysis of the aggregates are shown
in Table 1.

TABLE 1
SIEVE ANALYSIS OF AGGREGATES
Sieve Size Silica Sand Aluminum Oxide Grit
% Passing % Retained % Passing % Retained

- 10+ 20 100.00 2.91 100.00 74,58
- 20+ 40 97.09 92.03 25.42 25,23
= 40 + 60 5,06 0.19

- 60+ 80 3.96 0.08
- 80 + 100 1.10 0.09 0.11

=100 + 200 1.01 0,09 0.11

=200 0.92 0,92 0.11 0.11

Structural Design Features

The test spans on the Ramp C bridge are simply supported steel beams, while
those on the Occoquan Creek bridge are part of a series of four continuous girder spans,
which exhibit considerably more flexibility than the simple spans. The Ramp C bridge,
which contains a horizontal curve of approximately 130 curvature with nearly maximum
superelevation, carries low speed traffic; the Occoquan Creek bridge carries traffic
on a straight tangent at high speeds.

The test strips were evaluated by means of visual inspections and field meas-
urements of skid resistance and bond sfrength. A limifed program of laboratory tests,
described in the following section, was conducted to complement the field data obtained
from the test strip applications.

Laboratory Tests

Laboratory deter minations of the coefficient of thermal expansion and bond
strength were conducted for each of the seven materials included in the test strip eval-
uations.
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The thermal expansion tests were conducted in accordance with the Standard

Method of Test for Coefficient of Linear Thermal Expansion of Plastics, ASTM Des~
ignation D696-44. (3) Specimens included plain epoxy and mixtures of the seven
compounds and the sand and grit aggregates described previously. The specimens
were tested initially, and at ages of one and two years to determine any changes in
the coefficient of thermal expansion due to aging. In order to evaluate the effects of
exposure, one set of samples was stored for two years in an outdoor area.

The direct tension bond strength tests were conducted in the Virginia Depart-

ment of Highways Materials and Testing Laboratories in Richmond in accordance with
a standard method then included in the Virginia Specifications. (4)

Observations of Full-Scale Applications

In order to confirm the applicability of the findings of the test strip evaluations
and the recommendations based upon them to actual practice, several full-scale deck
overlays were inspected to varying degrees. Although the number of structures in~
cluded in this phase of the study was limited, the observations were sufficient to
provide information on the performance of full-scale overlays and to extend the scope
of the study to encompass a variety of applications on structures of various ages under
exposure to a range of traffic volumes.

DISCUSSION OF RESULTS

Thermal Expansion Tests

The laboratory defermination of the coefficient of linear thermal expansion of the
seven epoxy resin compounds was conducted in accordance with ASTM D696~44, which
utilizes a quartz tube dilatometer. The dilatometer consists of two quartz glass tubes,
one of which fits inside the other. The outer tube, which is approximately 18 inches in
length with a 3 inch inside diameter, contains the molded cylindrical specimen, which
is approximately 2 inches long by 7/16 inch in diameter. The second tube, which is
approximately 16 inches long by 7/16 inch outside diameter, rests on top of the speci~
ment. The thermal expansion is measured by a dial gage calibrated to . 0001 inch per
division, bearing on the top of the inner tube.

Four series of thermal expansion tests were made; one initially, soon after
molding of the specimens; two others at intervals of twelve and twenty-four months,
using specimens stored in the laboratory; and a fourth on specimens stored twenty-four
months in an outdoor exposure area. Three specimens of each of the epoxy resin com~
pounds were tested in each series of tests, a plain epoxy resin specimen and one
containing each of the two deslicking aggregates described previously. Because of the
tendency for the specimens to creep under elevated temperatures, the coefficients of
thermal expansion were determined over a range of temperature from room tempera-
ture, approximately 22°C, to a depressed temperature between -5 and -21°C., The
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results of repetitive tests performed in this temperature range appeared to be fairly
consistent.

The results of the thermal expansion tests, shown in Table 2, are inconclusive
with respect to the effect of age or weathering on the coefficient of linear thermal
expansion. The test method is intended to provide only approximate values, and it
appears that the rather wide range of the data is due, at least in part, to variations
inherent in the testing procedure. The values in Table 2 are presented primarily to
show the general values of the coefficients of thermal expansion and to demonstrate
the effect of the addition of aggregate to the system. For comparative purposes, the
coefficient of thermal expansion of concrete is commonly taken to be 6 x 10~6 in,/in, /F°
or 10.8 x 10=% in, /in. /C®, The values in Table 2 indicate that the plain oil modified
and coal tar modified epoxy resin sysiems have a considerably higher coefficient of
thermal expansion than the other systems, but the difference is decreased markedly by
the presence of the aggregate. The coefficients of thermal expansion of the filled speci-
mens of all of the seven materials were shown to be significantly higher than that of
concrete, It is believed that this occasionally large difference in the rate of thermal
expansion caused stresses which resulted in the fracture of the underlying concrete in
several of the test strips on the Occoquan Creek bridge. The concrete in the area
appeared to be of poor quality, and the distress indicates the importance of structural
soundness of the deck surface to the success of an overlay application.

TABLE 2

GENERAL VALUES OF COEFFICIENTS OF THERMAL EXPANSION

Epoxy Aggregate Initial x12 month 24 month 24 month
Compounds Specimens Xx Specimens Specimens Specimens
in, /in, /C% 106 (Laboratory) (Laboratory) (Weather)
in, /in, /C% 1076 in, /in, /€% 1076 in, /in, /C% 10-8
P. E, Surface Plain Epoxy 100.4 110.9 94,8 96.1
Sealer Sand 77.5 51.4 42,2 46,4
Grit 36.0 48,4 37,6 38.3
Surface Kote Plain Epoxy 70.0 86.6 64,0 70.0
Sand 22,3 80,3 211 26.6
Grit 13,3 24.9 13.7 25,9
Resiweld Plain Epoxy 7.7 102, 7 108, 7 96.5
7120 Sand 33.0 31,9 26.6 28,1
Grit 21,0 28,3 17,0 21.2
Resiweld Plain Epoxy 137.8 158.3 127,9 126, 4
7140 Sand 46.0 49.6 38.1 43.8
Grit 30,8 43,17 31.9 35.4
Guardkote Plain Epoxy 125, 3 147. 4 128, 2 131.3
140 Sand 52,4 58,0 49.8 40.1
Grit 49.5 54,4 34,2 30.9
Concresive Plain Epoxy 143, 2 165, 1 159, 2 150.3
Sand 54,6 60,4 50.9 50.5
Grit 71.0 43.0 29,2 28,2
Shell MRAX Plain Epoxy 172.3 193.6 163.0 158.5
Sand 32,1 39,1 36.6 38.2
Grit 36. 8 No Test 27.4 18.2
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Bond Strength Determinations

s were determined in the

of a standard direct tension test. A three inch by six inc}l

s cut in half and bonded together with the epoxy resins bg}ng
d were prepared by either acid etching or filing
mulate field conditions. Five cylinders, two of which were
for each combination of epoxy resin and
lis of the tests are shown in Table 3.

TABLE 3

DIRECT TENSION BOND TEST ON 3" x 6" CYLINDER
(ALL RESULTS IN PSD)

ISika Surface Kote Reisweld 7148 Sika Guard Kote P. E., Surface Sealer
Acid Wire Acid Wire Acid | Wire Acid Wire
Etched | Brushed Etched |[Brushed Etched |Brushed Etched | Rrushed
Blank 307 272 H 258 H 368 226 H 202 H 362 336
Blank 329 308 237 H 375 258 191 H 258 H 255
Bonded 318 396 202 247 E 198 H 226 E 266 371
Bonded 368 H 368 ) 240 237 E 255 265 E 299 269
Bonded 272 A 230 244 215 B 297 385
Ave,
Blank 318 290 248 372 242 197 310 296
Ave,
Bonded 343 332 224 242 232 234 287 342
Shell MRAX Reisweld 4120 Concresive 1064 -3
Acid Wire Acid Wire Acid Wire
Etched | Brushed Etched |Brushed Etched | Brushed
Blank 320 315 354 382 255 234 H
Blank 400 332 301 375 269 152 H
Bonded 354 304 A 339 364 191 E 117 E
Bonded 301 297 E 380 159 E 110 E
Bonded 325 293 357 198 E 113 E
Ave,
Blank 360 324 328 379 262 143
Ave,
Bonded 328 309 337 361 183 113

E = Epoxy Bond Failure At Bonded Joint
A =Separation In Epoxy Material At Bonded Joint

H = Failure Of Bonding Compound At Steel Head
Unless otherwise noted, break occurred in concrete section, at least { inch from any bonded:joint

-



The test resuits show no sigrnificant dilference 1 hond strength caused by the
method of surtface preparation. The Virgima *&})f scification for epoxy resms applicable
at the time of the tests required a mmimum of 250 psi bond strength. (4) [t can he seen
that three of the materials, Resiweld 7140, Guardkote 140 and Concresive, fell below
ihe required value, and, in fact, the Concresive material was judged to be an inferior
product.,  However, the performance of these materials in the field test, discussed
later 1n this repori, compared favorably with that of the other systems evaluated, and
no hond farlures were noted. These three maierials are not intended for use as ad-
hesives. and it appears that the bond strength requirement might he unduly restrictive
with respect to compounds to be used 1n overlav applications.

It was initially proposed to e aluate the effect of time on the bond strengths of
the experimental overlays through the comparison of tension test data taken annually
over a three year period using a technmque suggested hy the American Concrete Insti-
wte. ©) In the field procedure, a two inch diameter pipe cap is bonded to the surface
of the overlay and the force required to pull up the cap 1s measured. The circular
area 1o which the cap is bonded 1s separated from the remainder of the overlay prior to
testing. The evaluation of the change of bond strength with time proved impossible be-
cause of the many variations such as the strength of the underiving concrete, the tem-
perature at the time of test and the thickness of the epoxv material.

The variations inherent in the test procedure prevented a meaningful comparison
of the bond strengths of the seven materials. The epoxy materials generally exhibited
no loss of bond, as manifested he delamination of the overlav at the surface of the con-
crete.  Delamination of this nature was noted in only one test strip, the grit strip
containing the Shell MRAX oil moditied svstem. Although the bond failure occurred
over a relatively large area, the causative factor was impossible to determine.

Performance of the Individual Epoxy Resin Svstems

Each of the seven commercially ay aslable epoxv ompounds chosen for inclusion
in the field tests was applied under the direction ot a representative of the supplier. The
methad of application was left to the option of the supplier‘s representative, with notched
squeegees, hand spravers and a Brovhill distributor heing used, The rate of applica-
tion estimated by the supplier’s representative and the chosen method of placing the
overiav are shown in Table 4 for each of the test strip applications. Details of the appli~
cations, which were made during July 1964, were noted and published 1n a preliminary
report. (6

Although the test strips allowed a unique comparison of seven epoxy resin syvstems
apphied as overlayvs in each of four relauvelv small areas, an actual comparison of the
suitability of the individual compounds proved 1o be difficult. 1t became apparent during
the periodic inspections that factors affecting the thickness of the overlay had a sig-
nmiicant effect on its wear under traffic. These tactors occasionallv resulted in
signiticant ditferences in the durability of the four overlavs containing a single mate~
rial. Thus, the comparison presented in the following sections is one of applications
rather than mater:als.



TABLE 4

APPROXIMATYE LhATIS CF EPCHY AND AGGREGATE APPLICATION

Structure Material ‘ Rate of } Aggregate Method of
Epany | psy (1) Application
v Concresive 15 goy f 16 Spray
-g, Guardkote B 140 1/3 gsy i 17.5 Squeegee
) MRAX 1062 1/5 gy 45 ; 15 Spray
g o ~ P. E. Surface Sealer Sea note [ ' 14.5 Spray
g. g 5 Resiweld 7120 ‘ See nate f 16 Squeegee
8 8 Resiweld 7140 [ 17.5 (Broyhill Paver)
& Surface-kote : 17.5 Squeegee
= Concresive 14.5 Spray
@ GuardkoteR 140 i 16 Squeegee
&) S, MRAX 1062 ; 4.5 Squeegee
5 ) P. E. Surface Sealer i 4.5 Spray
g 55, Resiweld 7120 17 Squeegee
ga~ Resiweld 7140 i | 17 Squeegee
o Surface-kote | 1, 10 Bay ; 1 Squeegee
Concresiva 173 gay 14 Spray
Guardkote® 149 1/3 gey 16 Squeegee
MRAX 1062 1/3 gsy ! 14 Squeegee
P. E. Burface Sealer /7 gsy i 14 Spray
» Resiweld 7120 1/a gsy ] 16 Squeegee
2 4 = Surface-kote 1/10 gsy 16 Squeegee
g g% Resiweld 7120 1/4 gsy{5} 16 Squeegee
a2 Resiweld 7140 ’ 3730 g8y | 16 Squeegee LHL
Resiweld 7140 /3 gsy i 16 RHL (Broyhill Paver)
Concresive 1/8 gsy 14 Spray
Guardkote® 140 /3 ey 14 Squeegee
MRAX 1062 1/8 gay : 16 Squeegee
) i P. E, Surface Sealer 1/ ¢8y i i4 Spray
a®g Resiweld 7120 1/3 gsy ¢0} 14 Squeegee
g § § Resiweid 7120 1/4 gsy 16 Squeegee
n = Resiweld 7140 1/3 gsy (6) 16 RHL (Broyhill Paver)
Resiweld 7140 /3 sy 16 Squeegee LHL
Surface-kots 1/ /16 goy 15 Squeegee

(1) Amount used during application including an excess which was recovered.
(2) Due to mechanical difficulties 15% of this urea has rate of 1/5 gsy.

(3) Light application of unknown rate.

(4) PRight and left lanes 1/4 gsy, center lanc 5710 gwy.

(5) Application made by state personnel,

(6) Due to mechanical difficulties, outer haif of lane has rate of 2/10 gsy.
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The performance of overlays of each of the seven epoxy resin systems are
summarized and general comments on the suitability of the individual materials are
presented. However, most of the findings in this study are based on the overall
performance of the test strips.

Resiweld 7140

The first inspection, which was made six months after the test strip applications
of this coal tar modified epoxy resin system, disclosed reflective cracking in the sand
strip on the Occoquan Creek bridge. No cracking was seen in the grit strips or in the
test strips on the more rigid simple spans of the ramp bridge during the initial in~
spection, hut some reflective cracking was noted in the sand strip on the ramp during
later inspections.

An inspection two years after application disclosed the formation of small
blisters, approximately one inch in diameter, in the sand sirips of both structures.
As will be discussed later, it appears that the blisters formed during placement of the
overlay but were not apparent until traffic removed the top surface.

The test strips using Resiweld 7140 with the aluminum oxide deslicking aggre-
gate showed resistance to wearing which was superior to that of the other test strips.
Wear was generally uniform throughout the siudy, and there were only localized areas
of exposed concrete at the final inspections. There is some indication that this supe-
rior wearing ability was due to a greater overlay thickness rather than material
characteristics, because the performance of test strips containing the similar Sika
Guardkote 140 material was less satisfactory. Although the grit strips resisted wearing,
the coal tar epoxies showed a tendency to lose aggregate and polish under traffic, and
loss of skid resistance became a problem.

The sand aggregate test sirips showed a greater tendency to wear than did the
grit sirips. The area of thin application (2,10 gsy, Table 4) on the ramp bridge showed
wear after two vear's exposure to traffic, and there were several areas of exposed deck
surface 1n the sand strips on both structures at the conclusion of the tests. Wearing
resistance was considered fair to good.,

No distress of the concrete deck was noted at any of the four test strip locations
after the application of the overlays.

Sika Guardkote

Both test overlays on the Occoquan Creek bridge containing this coal tar modi-
tied epoxy resin system had reflective cracks six months after application, reflective
cracking was noted in both sirips on the ramp bridge later in the study,

Blistering was apparent in the sand strips on both structures after two year's
exposure to traffic.

- 11 -
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Wearing of the test strips containing Sika Guardkote was less satisfactory than
that of the strips utilizing the other coal tar modified system, Resiweld 7140. The
strips with both deslicking aggregates were showing wear at high points in the deck two
years after application. The grit strips on the Occoquan Creek bridge exhibited fair
performance with limited areas of wear at the conclusion of the test, but the other
three overlays exhibited severe wearing with large areas of the deck surface exposed.
The overlays also showed a tendency to polish under traffic similar to that observed
in the Resiweld 7140 applications.

Two small areas of delamination of the epoxy overlay with the underlying con-
crete attached were noted in the grit strips on the Occoquan Creek bridge early in the
tests. A similar loss of the overlay and underlying concrete was noted later adjacent
to a reflective crack. The failures were ascribed to the presence of poor deck concrete,
which had a white powdery appearance, in the area of the grit strips. One chert pop-
out was noted in a worn area of thin overlay application on the ramp bridge two years
after placement of the epoxy seals.

Resiweld 7120

Reflective cracking was noted in both strips of the Resiweld 7120 material on the
Occoquan Creek bridge during the first inspection six months after installation. The
sand strip on the ramp bridge also exhibited reflective cracking later in the study.

Blisters were apparent in the sand strip on the ramp structure after nine months;
none appeared in the sand strip on the Occoquan Creek bridge. Deterioration of the deck
concrete adjacent to one of the blisters was noted in a subsequent inspection.

The strips with both types of deslicking aggregate on both structures showed
isolated points of wear after two year's exposure to traffic, but performance was rela-
tively satisfactory. The four overlays continued to show better than average performance
during the remainder of the tests. Final inspections showed the grit strips to have se-
vere wear and exposed concrete at isolated high points or areas of heavy texture, while
the sand strips had some exposed concrete due to wear in wheel paths and at high points,
However, the performance of both types of strips was generally superior to that of most
of the other materials,

Loss of the overlay with underlying concrete attached was noted in the grit strips
of the Resiweld 7120 material on the Occoquan Creek bridge. The distress was appar-
ently due to the poor quality of the concrete as was the loss of the overlay and concrete
for a distance of one inch around reflective cracks. One popout occurred after the
application of the grit strip on the ramp bridge, and, at the last inspection, it was
noted that serious spalling of the concrete had occurred on the sand strip. In both
cases the strips were severely worn in the distressed area.

Concresive
Both overlays utilizing this oil modified epoxy resin system on the Occoquan

Creek bridge had reflective cracks six months after installation, and cracking developed
in the sand strip on the ramp at a later date.

- 12 -



Blistering of the sand aggregate strips was noted on the ramp bridge at six
months and on the Occoquan Creek structure nine months after placement of the over-
lays. The number of blisters increased in subsequent inspections.

The four Concresive test strips quickly displayed a tendency to lose the de-
slicking aggregates, particularly the large grit particles, under traffic, but the mate-
rial was wearing uniformly and well two years after installation. Eventually all four
strips exhibited severe wear with some exposure of the deck surface in the wheel
paths; however, large areas were covered by a thin layer of epoxy resin without aggre-
gate. The relatively weak adhesive strength of the epoxy system, as shown by the bond
tests described previously, manifests itself in the loss of deslicking aggregate under
exposure to traffic; however, loss of bond between the overlay and the deck was not a
problem.

Loss of a portion of the overlay and underlying concrete was noted in the Con~-
cresive test strip with grit aggregate; as in the case of other strips in the group the
distress was apparently due to poor concrete in the deck. One chert popout occurred
after the epoxy application in the grit strip on the ramp bridge, and an area of scaling
in the concrete was noted in the same strip during the final inspection.

Shell MRAX

This oil extended epoxy resin system displayed the greatest tendency toward
cracking. Reflective cracks were noted in both the sand and grit strips on the Occoquan
Creek bridge six months after installation and in the sand strip on the ramp bridge later.
Pattern cracking of the surface of the sand strips of both structures, shown in Figure 3,
was also noted later, and there was some evidence of loss of bond in the cracked area.
One area of loss of bond, unrelated to the pattern cracking, was noted one year after
application in the grit strip on the ramp bridge. This area of delamination of the over-
lay, shown in Figure 4, increased in size under exposure to traffic, and the overiay
appeared to have poor bond over a considerable area at the conclusion of the tests.

The concrete deck surface was exposed through wear in localized areas of the
grit strips on the Occoquan Creek bridge and the sand strips on the ramp structure
one year after application, and the grit strip on the ramp bridge showed severe wear
at points of thin application after two year's exposure to traffic. All three overlays
were severely worn with exposed concrete over most of the strip areas at the conclusion
of the tests. A better performance was shown by the sand strip on the Occoquan Creek
bridge, which exhibited relatively satisfactory resistance to wear.

The MRAX grit strip on the Occoquan Creek bridge displayed several small
areas of separation of the overlay with the underlying concrete attached due to the poor
quality of the concrete., The final inspection of the ramp bridge disclosed one area of
concrete spalling in the grit strip and two in the sand strip, indicating that wear had
negated the protective qualities of the overlay.

- 13 -



Figure 8. Typical reflective and pattern cracking in a test strip containing Shell
MRAX with silica sand deslicking aggregate.

Figure 4. Area of delamination in the Shell MRAX strip with aluminum oxide grit
on the Ramp C bridge.
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The Surface Kote overlavs on the Occoquan Creek hridge displaved reflective
cracking six months after application; the two strips on the ramp exhibited cracking
later in the study.

Blisters were noted in the sand strip on the ramp structure six months after
application. The number of blisters evident on the ramp strip had increased after
one year’s exposure to traffic, and blisters were apparent in the sand strip on the
Occoquan Creek bridge at that time.

The rather thin Surface Kote overlavs (the application rate was 1/10 gsy)
showed the effects of wear rather quicklv, the sirips with aluminum oxide deslicking
aggregate showing the worst performance., Two vears after application both grit over-
lays were severely worn with the deck surface exposed over much of the strip areas,
while the sand overlays were showing isolated points of wear. All four strips were
severely worn with considerable areas of the deck surface exposed at the conclusion of
the study, and the overall performance with respect to wear was considered generally
poor.,

Separation of the overlay and a laver of the underlving concrete was noted in
several small areas of poor concrete in the grit strip on the Occoquan Creek bridge,
and a similar separation was seen adjacent 1o the reflective cracks. Spalling of the
deck concrete due 1o loss of the protection afforded bv the epoxy seal was noted at
worn areas in both test strips on the ramp bridge.

P. E. Surface Sealer

Both of the Occoquan Creek bridge overlays containing this polyvsulfide modified
epoxy resin system showed reflective cracking six months after installation.

The Surface Sealer sand overlavs on both bridges had the greatest number of
open blisters throughout the study.

The performance under exposure to traffic of the thin Surface Sealer overlays
was similar to that of the Sika Surface Kote strips. Overlays of both of these epoxy
resin compounds showed severe wear rather quickly, and, in both cases, the sand
strips performed better than those with aluminum oxide grit. Although the performance
of the light overlay application on span 9 of the Occoquan Creek bridge was discounted,
the resistance to traffic wear of the P, E. Surface Sealer was the worst of the materials
tested. It appears that the application was too thin to provide sufficient durability.

Separation of the Surface Sealer overlay with the underlving concrete attached
occurred over a large area in the grit strip on the Occoquan Creek bridge due to poor
concrete., Spalling of the concrete and the occurrence of one chert popout after the
epoxy application were noted in the sand strip on the ramp bridge.

- 15 -
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General Performance of the Overlays

Effectiveness of Surface Preparation

The test strips exhibited little difficulty that could be attributed to improper
cleaning of the deck surface, and it is evident that, properly performed, either acid
etching or sandblasting can provide a sufficiently clean surface. However, the blis-
ters, shown in Figures 5 and 6, which appeared within many of the sand strips on
both structures are believed to have resulted from the expansion of moisture vapor
trapped in the concrete by the epoxv seal at the time of application. When the top
surface of a typical blister was removed by traffic, the lower surface was seen to
be covered with a thin layer of epoxy containing an open void extending to the con-
crete deck. Although blisters formed in the overlays regardless of the means of
surface preparation, the distress was more evident on the ramp bridge. The means
of surface preparation used for the sand strips on this structure was acid etching,
which required that the deck be thoroughly flushed twice with clear water to ensure
the removal of any reaction products. No water was applied to the deck of the Occoquan
Creek bridge during the sandblasting of the sand strip areas, but a sudden storm, which
occurred prior to application of the overlays, would have accounted for the presence of
moisture in the pores of the concrete. The results of this study indicate that sand-
blasting, which does not require the application of water to the deck surface, is the
superior means of surface preparation. After the deck has been sandblasted, it should
be broomed to remove debris and finally blown clean with an air compressor. The
deck should be allowed ample time to dry after any wetting occurs. The sand strips on
the two structures in this study were placed within twenty-four hours after the flushing
of the deck or the occurrence of the storm, and the presence of blisters indicates that
this was not sufficient time for dryin% in spite of the fact that the ambient temperature
dur(i)ng the day ranged from 820 - 102°F and the deck surface temperature from 90° -
130°F.

While some of the grit strips exhibited isolated flows which might have been
blisters, the distress was generally noted only in the strips with sand deslicking aggre-
gate. This does not indicate a superior characteristic of the grit strips; instead, it
seems likely that the grit strips tended to form open voids through the overlay, allowing
the escape of the expanding vapor. Research reported by Kubitschek, who investigated
the effect of aggregate size and shape on the formation of open voids in epoxy resin over-
lays, disclosed that in general the number and size of open voids decreased as particle
shape changed from angular to round and as particle size decreased. (7) Overlays
containing rounded particles passing the number 20 sieve, such as the silica sand used
in the test strip applications, were found to be essentially free of open voids or pin-
holes. Overlays containing large angular particles, such as the aluminum oxide grit
used in this study, would tend to develop open voids. The performance of the test
strips indicates that the use of a rounded silica sand aggregate of a size similar to
that shown in Table 1 is essential to the application of a void-free protective membrane.

Sandblasting is an excellent means of cleaning a deck surface in preparation

for the application of an epoxy resin system, but it must be realized that the structural
soundness of the concrete is also of vital importance to the performance of an overlay.
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Figure 5. Close view of blisters in epoxy overlay with sand aggregate. Largest
blister has a diameter of approximately 1''.

Figure 6. Overall view showing distribution of blisters in epoxy test strip with
sand aggregate.
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As noted in the performance records for the individual epoxy resin compounds, areas
of separation of the overlay with a layer of concrete attached occurred in five of the
grit strips on the Occoquan Creek bridge and a similar separation was observed
adjacent to cracks, as shown in Figure 7, in four of the strips. The deck concrete
in the area of the grit strips generally appeared to be of poor quality, and bond tests
conducted adjacent to one point of overlay distress produced breaks in the concrete
at very low stresses, 48 and 80 psi. It appears likely that the failure in the concrete
may have been caused by stresses resulting from thermal expansion and contraction
of the overlay. As described previously, the coefficient of thermal expansion of the
epoxy resin and grit mixture comprising the overlay is significantly higher than that
of concrete.

Figure 7. Typical separation of the overlay with a thin layer of
concrete attached, adjacent to a reflective crack in the
grit strips on the Occoquan Creek bridge.
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Cracking of the Overlays

All of the materials included in the test strip study exhibited reflective
cracking, the formation of cracks in the seal coat over those in the deck slab,
the distress being most evident in those strips which utilized the silica sand de-
slicking aggregate. The work of Kubitschek, discussed previously, would indicate
that the test strips containing the silica sand would be more dense than those con~
taining the aluminum oxide grit of the size used in this study. It appears that the
increased density of the strips is accompanied by a reduction in flexibility and a
greater tendency toward reflective cracking.

The continuous spans on the Occoquan Creek bridge were much more flexible
than the simply supported spans comprising the Ramp C bridge. Several cracks were
noted in each of the two test areas on the Occoquan Creek bridge prior to the overlay
applications, and reflective cracking was noted in every strip except the one con-
taining Resiweld 7140 in conjunction with aluminum oxide grit during the initial field
inspection six months after the applications. Cracking appeared ai a later date in
six of the sand strips and two of the grit strips on the ramp bridge, in which no
cracks were noted at the time the overlays were placed.

A loss of the overlay for a distance of up to one inch adjacent to the length of
reflective cracks was noted in some instances in the grit strips on the Occoguan Creek
bridge. This phenomenon, which did not occur in the other groups of test strips, is
ascribed to the presence of poor concrete in that portion of the deck and is not con-
sidered to be a normal result of reflective cracking. The pattern cracking in the
surface of the Shell MRAX overlays containing silica sand aggregate is not reflective
in nature. It is apparently due to some characteristic of the epoxy resin system,
which exhibited the greatest difficulty with cracking during the test strip study.

Based on the results of this study, it is difficult to recommend an epoxy resin
system which has superior resistance to reflective cracking or to present a method by
which reflective cracking can be prevented. Unfortunately, most of the cracking was
noted in those strips containing the small rounded aggregate which is apparently essen-
tial to the application of a void-free overlay. The consequences of reflective cracking
should be considered in the evaluation of epoxy as a membrane seal on the deck of a
flexible structure or one which exhibits a large number of cracks.

Wearing of the Overlays

At the beginning of the field tests a twelve hour traffic count, classified by lanes,
was made for both structures. The counts showed a total of 4, 574 vehicles crossing
the Occoquan Creek bridge from 7 a.m. to 7 p.m., with the flow heaviest in the center
lane (2,299 vehicles) and the right lane (1,878 vehicles) and very light in the left~hand
passing lane (397 vehicles). A similar count on the Ramp C bridge showed approximately
4,500 vehicles crossing the bridge, the flow being equally divided between the two traf-
fic lanes upon entry of the structure. Three traffic counts conducted in 1970 showed
between 12, 000 and 16,000 vehicles crossing the Occoquan Creek bridge between 7 a.m.
and 7 p.m. While the rise in the volume of traffic has not been so dramatic in the case
of the ramp siructure, traffic counts indicate that in excess of 6,000 vehicles cross
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the bridge during the same twelve hour period. The periodic inspections of the test
strips did not allow a correlation between the wearing of the strips and the rapidly
increasing traffic volume.

The performance of the test sirips under the heavy traffic volume was in
general quite disappointing. Two years after application, in August 1966, most of the
test strips exhibited at least small areas of exposed concrete, and seven grit strips
and one sand strip were noted as wearing badly. It was noted that, if a completely
waterproof seal coat was desired, many of the strips would require maintenance or
replacement.

The test strips on the Occoquan Creek bridge were removed by grinding five
years after application. The overlays on the ramp structure were inspected one addi-
tional time six years after application. During the final inspections, at least isolated
areas of severe wear were noted in all of the test strips on both structures, and test
strips of four of the materials showed large areas in which the overlay was com-
pletely worn away, exposing the deck concrete. The resistance to wear exhibited by
the two Resiweld materials was generally superior to that of the others. The Con-
cresive material proved to be less durable than the Resiweld systems but its perform=-
ance was generally considered fair, while the performances of the remaining materials
with respect to wear was generally poor. However, several factors other than mate-
rial characteristics affected the performances of the exposed overlays.

Resistance to wearing under traffic appeared to be predominantly a function of
the rate of application of the epoxy resin compound and, thus, the thickness of the
finished overlay. The center lane of the Resiweld 7120 grit strip on the Occoquan
Creek bridge, which had a relatively heavy application rate of 0.3 gallon per square
yard (Table 4) exhibited excellent wear resistance throughout the tests. The Resi~
weld 7140 grit strips on the ramp bridge had significantly less evidence of wearing
than did the other six grit strips in the area. The difference in the thickness of the
overlay is considered to be the key factor in the superior performance of the Resi-
weld 7140 material, which appeared to be applied at a liberal rate, in contrast to
the generally poor resistance to wear shown by the similar Sika Guardkote 140
material. With respect fo wear, the poorest performances in the test strip study
were those of the overlays made with the Sika Surface Kote and P. E. Surface
Sealer systems. These rigid materials are applied at the light rates of 1/10 and
1/7 gallon per square yard, respectively, in order to avoid overstressing the con-
crete surface during thermal expansion and contraction. The resultant thin overlay
does not provide sufficient durability under exposure to traffic.

The other factors affecting wear are those which determine the uniformity of
the overlay. The normal flow of the epoxy resin compound causes a thin application
of the material at high points on the deck surface, resulting in isolated areas of se-
vere wear after relatively short exposure to traffic. Areas in which the deck surface
is heavily textured are also subject to rapid wearing. The flow of the epoxy on a
sloped surface, such as the superelevated deck of the ramp bridge, also presents
difficulties in the even application of a seal coat. The long-term effect of the type
of aggregate on wear resistance was variable. The two coal tar modified systems
and the Concresive system exhibited slightly better wearing qualities when the
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aluminum oxide grit was used, while the more rigid systems had slightly better
performance with the silica sand. The effect of the aggregate was significant
mainly in the maintenance of skid resistiance, which is discussed in a separate
section of this report.

The fact that the best of the test strips had isolated areas of severe wear
with exposure of the concrete deck surface indicates the need for an asphaltic wear-
ing course to protect the %poxy seal from traffic, as recommended previously in
this and other studies. (8:9) Use of a properly designed wearing course, which
allows the relatively expensive epoxy application to function solely as a seal coat,
greatly extends the service life of an overlay application. As will be discussed in
the following sections, protection of the overlay is essential to its skid resistance
and effectiveness.

Skid Resistance of the Overlays

Measurements of the skid resistance of the test strip overlays were made
periodically throughout the course of the study. This work was concentrated on the
applications on the Occoquan Creek bridge for two reasons: first, the structure
carried the heaviest volume of traffic, and second, the path of the traffic followed
well defined wheel paths in each of the three lanes.

Frictional values, a measure of skid resistance, were ohtained primarily
through the use of a British Portable Tester, shown in Figure 8, in accordance with
a procedure described by the British Road Research Laboratory. (10} This device
measures the frictional resistance as a rubber slider on the end of a pendulum
crosses the wetted deck surface. A frictional value reading known as the British
Pendulum Number, or BPN, is indicated on the scale by a pointer which is carried
by the pendulum to the top of its swing. The average of five such readings is taken
as the frictional value of the test location. A limitation of the skid resistance evalu-
ations made in this study lay in the fact that the British Portable Tester measures
the skid resistance over a distance of only five inches, and time generally permitted
only two tests in each lane of the test strips. While a greater number of tests would
have been required to accurately assess the frictional value of the overlays, it was
believed that the data presented a valid indicator of changes in the skid resistance.
Frictional values were obtained initially and at intervals of one, two, four, and
five years after application of the overlays.

During the first two years of the study, the frictional value was measured at
five random locations in each lane of each strip. An analysis of the data showed a
pattern of variation transversely across the strip with low readings occurring in the
wheel paths and higher readings at other points. Because of this transverse vari-
ation, the procedure was altered during later tests, and the frictional value was
determined at two randomly selected points in the wheel paths in each lane. The ,
heavy traffic and resultant difficulties in closing the structure during periods of peak
flow necessitated the reduction in the number of test sites. Traffic control problems
also prevented testing of the center lane except during the final inspections.
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Figure 8. British Portable Skid Resistance Tester.

The initial tests showed the strips on the Occoquan Creek bridge to have
frictional values of 78 and 72, respectively, for the grit and sand aggregates. The
bare concrete deck had a frictional value of 72. The variation of frictional values
between strips having the same deslicking aggregate was found to be insignificant,
and the difference between the values for the grit and sand strips was significant at
the 99 percent level, with the grit strips having the better skid resistance.

The frictional values for the first two years-after application, shown in
Tables 5 and 6, are the lowest values for which no significant difference could be
determined by means of an analysis of variance, It was believed that the lowest
comparable group of values represented the skid resistance of the most worn portion
of the strip. The frictional values obtained at the ends of the fourth and fifth years,
shown in Tables 7 and 8, were all taken in the vehicle wheel paths.

Although an analysis of the two year data gave some indication that the
frictional values might stabilize after an initial loss, the later data show a contin-
uing marked decline in the skid resistance of the overlays, demonstrated emphati~
cally by a comparison of the two year and four year data for the right-hand traffic
lane. Frictional values obtained during the final inspection in the relatively unworn
area adjacent to the curbs ranged from 67~74 for the grit strips and 63-64 for the
sand strips, showing only a slight decline from the initial values of 78 and 72. The
comparison of materials is generally obscured by the fact that the British Portable
Tester records the frictional value of only a small area of the surface, and rather
large differences in the readings were often observed between sites in a single material.
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TABLE 5

MEANS OF LOWEST COMPARABLE FRICTIONAL VALUES (BPN)
ONE YEAR DATA - OCCOQUAN CREEK TEST STRIPS

Right Lane

Grit Strips Sand Strips
Concresive - 63 MRAX — 57
Surface Sealer - 67 Guardkote - 59
Bare Concrete - 68 Resiweld 7140 - 60
Surface Kote - 69 Surface Sealer — 62
Guardkote — 69 Resiweld 7120 —_ 63
Resiweld 7140 - 70 Concresive — 64
MRAX - 70 Surface Kote - 64
Resiweld 7210 _ 70 Bare Concrete — 68
Left Lane

Grit Strips Sand Strips
Bare Concrete - 64 MRAX - 62
Concresive - 70 Bare Concrete — 64
Resiweld 7140 - 73 Guardkote — 64
MRAX — 74 Concresive — 65
Surface Sealer _ 74 Resiweld 7140 - 66
Surface Kote — 74 Resiweld 7120 — 67
Guardkote - 75 Surface Sealer - 69
Resiweld 7120 - 75 Surface Kote — 70

TABLE 6
MEANS OF LOWEST COMPARABLE FRICTIONAL VALUES (BPN)
TWO YEAR DATA - OCCOQUAN CREEK TEST STRIPS

Right Lane

Grit Strips Sand Strips
Bare Concrete - 66 Resiweld 7140 —_ 55
Resiweld 7140 - 66 MRAX - 59
Surface Sealer - 68 Surface Sealer — 60
Surface Kote - 70 Bare Concrete — 60
Resiweld 7120 — 71 Concresive — 62
Concresive - 71 Guardkote —_ 62
Guardkote - 72 Resiweld 7120 — 65
MRAX - 74 Surface Kote — 70
Left Lane

Grit Strips Sand Strips
Resiweld 7120 - 67 Resiweld 7120 — 62
Bare Concrete — 69 Bare Concrete — 62
Surface Kote - 71 Resiweld 7140 —_— 62
Concresive — 71 Guardkote - 63
Resiweld 7140 - 72 Surface Sealer — 64
Surface Sealer — 72 Concresive — 64
MRAX —_ 73 Surface Kote — 65
Guardkote - 73 MRAX - 66
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TABLE 17

MEAN FRICTIONAL VALUE (BPN) IN WHEEL PATHS
FOUR YEAR DATA - OCCOQUAN CREEK TEST STRIPS

Right Lane

Grit Strips Sand Strips
Bare Concrete -~ 57 Resiweld 7140 41
Guardkote — 58 Guardkote 43
Resiweld 7140 - 60 Concresive 48
Surface Sealer - 60 MRAX 48
MRAX - 61 Surface Sealer 48
Concresive - 62 Surface Kote 52
Surface Kote —_ 63 Resiweld 7120 53
Resiweld 7120 - 63 Bare Concrete 56
Left Lane

{ No Tests Performed)
TABLE 8
MEAN FRICTIONAL VALUE (BPN) IN WHEEL PATHS
FIVE YEAR DATA (FINAL) - OCCOQUAN CREEK TEST STRIPS

Right Lane

Grit Strips Sand Strips
Resiweld 7140 -~ 52 Resiweld 7140 44
Surface Sealer - 52 Guardkote 44
Guardkote — 53 Surface Kote 44
Concresive — 53 Concresive 46
Surface Kote - 57 Resiweld 7120 50
Resiweld 7120 — 57 Surface Sealer 50
Bare Concrete - 61 MRAX 52
MRAX - 62 Bare Concrete 56
Center Lane

Grit Strips Sand Strips
Resiweld 7140 - 42 Resiweld 7140 38
Guardkote - 42 Guardkote 40
Surface Sealer - 43 Resiweld 7120 42
Surface Kote - 44 MRAX 43
Concresive - 46 Surface Kote 44
Resiweld 7120 - 46 Surface Sealer 46
Bare Concrete - 58 Concresive 50
MRAX - 60 Bare Concrete 56
Left Lane

Grit Strips Sand Strips
Guardkote -— 53 Resiweld 7140 44
Resiweld 7140 - 56 Guardkote 46
MRAX - 56 Surface Sealer 48
Surface Sealer - 57 Resiweld 7120 48
Concresive — 58 Concresive 49
Surface Kote - 61 Surface Kote 50
Resiweld 7120 - 61 MRAX 52
Bare Concrete - 62 Bare Concrete 58
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Tt should be noted that after five vears the bare concrete deck generally exhibits
better skid resistance than the overlavs. The relative superiority in the frictional
value of the bare concrete was later confirmed by tests using the Virginia Highway
Research Council skid trailer.

An analysis of variance performed on the data presented in Table 8
showed the difference in aggregates to be most significant, the difference in lanes
1o be half as significant as that of the aggregate type, and the difference between
materials to be of minimal significance. The British Portable Tester results indi-
cated that the MRAX material differed significantly from the Resiweld 7140 and Guard-
kote svstems in frictional value, but the subsequent tests using the skid trailer failed
to confirm the difference in skid resistance.

The frictional values obtained through the use of the skid trailer were con-
verted to the predicted car values shown in Tables 9 and 10, These data show the
MRAX test strips to have relatively low skid resistance, in contrast to the data pre-
sented previously. The incongruity was probably due to the nature of the surface
texture of the sirips.

The predicted car values indicate that the sand strips had only marginal skid
resistance with respect to the minimum value of 40 acceptable in Virginia. The
values taken in February 1969 formed the basis for the decision to remove the strips
from the deck surface; the August values were taken just prior to the removal of the
overlays,

The predicted car values confirm the fact that use of the small rounded
silica sand is unacceptable in an exposed overlay and that an additional wearing course
must be included in the application. While the skid resistance of the grit aggregate
strips was acceptable in all cases, the results show that loss of skid resistance is a
limiting factor in the service life of an overlay application.

The data in Table 10 indicate that the two coal tar modified systems containing
the large angular grit particles have relatively low skid resistance. During the in-
spections 1t was noted that these strips tended to lose aggregate and polish under
exposure to traffic, presenting a smooth shiny surface, as shown in Figure 9. Ex-
isting overlay applications of coal tar modified epoxy resin systems should be evalu-
ated periodicallv for loss of skid resistance.
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TABLE 9

FRICTIONAL VALUE (PREDICTED CAR VALUE) IN WHEEL PATHS
FEBRUARY, 1969 — OCCOQUAN CREEK TEST STRIPS

Right Lane
Grit Strips Sand Strips

Guardkote — 47 MRAX —_— 39
MRAX — 48 Guardkote — 40
Concresive — 48 Surface Sealer — 40
Surface Sealer — 48 Resiweld 7140 - 40
Resiweld 7120 — 48 Concresive — . 41
Resiweld 7140 — 50 Surface Kote —_— 42
Surface Kote — 50 Resiweld 7120 — 44
Bare Concrete  — 52 Bare Concrete — 52

Center Lane

Grit Strips Sand Strips
Surface Sealer — 43 Surface Sealer — 39
Guardkote _ 46 Guardkote — 39
Concresive — 47 MRAX — 39
Surface Kote —_— 47 Resiweld 7140 — 40
MRAX _— 48 Concresive — 42
Resiweld 7140 — 49 Resiweld 7120 — 42
Resiweld 7120 — 49 Surface Kote — 43
Bare Concrete  — 51 Bare Concrete — 51
Left Lane

Grit Strips Sand Sirips
Guardkote — 50 Surface Sealer -~ 42
MRAX — 50 MRAX —_— 43
Concresive _— 51 Guardkote — 44
Surface Sealer -— 52 Resiweld 7140 - 45
Resiweld 7140 — 54 Concresive —_— 45
Resiweld 7120 — 56 Resiweld 7120 — 46
Bare Concrete  — 56 Surface Kote -_— 51
Surface Kote — 57 Bare Concrete — 56

- 26 -



TABLE 10

FRICTIONAL VALUE (PREDICTED CAR VALUE) IN WHEEL PATHS
AUGUST, 1969 -

Right Lane
Grit Strips

MRAX -
Guardkote
Resiweld 7140 —_
Surface Kote -
Resiweld 7120 -—
Surface Sealer -
Concresive -

Center Lane
Grit Strips

Concresive _
Guardkote
Resiweld 7140 —
Surface Sealer —
Surface Kote —_—
MRAX -_—
Resiweld 7120 —

Left Lane
Grit Strips

Surface Sealer —
Guardkote —_—
MRAX —
Resiweld 7140 -_—
Resiweld 7120 _—
Surface Kote _—
Concresive _—

42
43
44
45
45
46
47

44
45
45
45
46
46
47

44
45
45
47
47
48
48

OCCOQUAN CREEK TEST STRIPS

Sand Strips

MRAX —_—
Surface Sealer -
Guardkote —
Concresive —
Resiweld 7140 -
Surface Kote —
Resiweld 7120 —

Sand Strips

MRAX —
Resiweld 7140 —
Surface Sealer —
Guardkote —~—
Resiweld 7120 —
Concresive —
Surface Kote -

Sand Strips

MRAX —
Surface Sealer —
Guardkote -
Resiweld 7140 —
Resiweld 7120 —
Surface Kote —
Concresive o
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38
38
39
39
40
40
43

36
38
39
39
41
41
43

41
41
42
43
44
46
48
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Figure 9. Polishing of the surface in a worn area of a coal tar
modified epoxy resin test strip with aluminum oxide
deslicking aggregate.

Effectiveness of the Overlays

It was desired that thin bonded overlay applications of the type included in the
field tests serve either or both of two functions: provision of a skid resistant surface
on a bridge deck, and sealing of the deck surface to provide a protective moisture
barrier. The results of the test strip applications indicate that a thin bonded overlay
exposed to heavy traffic cannot be relied upon to meet these requirements for any
extended period of time.

The frictional value data presented in the preceding section showed the test
strips utilizing large angular grit particles to be subject to a continuing decline in
skid resistance, approaching marginal values after five years’ exposure to traffic.
Several of the strips utilizing the fine rounded silica sand, which provides a superior
moisture barrier, showed unacceptable skid resistance at five years.
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The effectiveness of the moisture barrier can be negated by either improper
surface preparation or wear. Failure to remove concrete of poor quality from the
deck resulted in the loss of considerable areas of the protective overlay on the
Occoquan Creek bridge, and it is obvious that the application of an epoxy resin
overlay can neither protect such concrete nor compensate for its questionable qual-
ityv. Failure to allow time for proper drying of the deck concrete resulted in the
formation of blisters in the overlay that destroyed the integrity of the overlay and
allowed, in one case, deterioration of the underlying concrete.

Loss of the effectiveness of worn portions of the test strips as moisture
barriers was evidenced by the occurrence after the epoxy applications of four popouts
due to the presence of expansive chert aggregate particles in the concrete of the ramp
bridge. The presence of moisture is essential to the expansion of the aggregate. (11}
A more serious form of distress was the spalling of the concrete in worn areas of
seven test strips of both aggregate types on the ramp bridge. The spalling, which
was also evident in unprotected areas of the deck, was due to insufficient cover over
the reinforcing steel, now acknowledged to be the principal factor in the occurrence
of the distress. 12) The exposed thin bonded overlay was not capable of protecting
the deck from serious deterioration after five yvears of wearing under traffic. The
addition of a separate wearing course is obviously essential to proper performance of
the overlays as seal coats.

Observation of Full-Scale Applications

Several bridge deck overlays were observed throughout the study in an effort
to supplement the detailed test strip evaluations with general information on the per-
formance of full-scale applications of epoxy seal coats, including some with asphaltic
concrete wearing courses, on decks of varying ages. Most of the field observations
were of coal tar modified epoxy resin systems, as this is the compound commonly
specified in Virginia; however, three installations of a relatively thick epoxy mortar
overlay utilizing Guardkote 250 were also evaluated. The general field survey, which
will be described only briefly, essentially confirmed the findings of the test strip
studies,

Acca Yards Bridge, Richmond, Virginia

Approximately one year after the Washington area test strips were placed, a
full-scale application of a thin bonded overlay of an oil modified epoxy resin system,
Guardkote 140, was made on the newly completed Acca Yards Bridge in Richmond.
The ap@l)ication was observed and reported in some detail in an earlier report in this
study. !

Surface preparation was accomplished by sandblasting after the deck had been
checked for soundness. The deck surface had several light oil spots which remained
after surface preparation, but future inspections disclosed no delamination of the
overlay in the affectfed areas. The epoxy resin system was spread on the deck with
notched rubber squeegees and a silica sand deslicking aggregate was applied by hand.
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An inspection of the bridge approximately one year after the completion of the
application revealed the presence of isolated areas on the deck from which the over-
lay had apparently been scraped, perhaps by snow removal equipment. An inspection
approximately one and one half years after the application revealed several areas of
severe wear in the lanes exposed to the heaviest traffic. The deck concrete was
visible in these areas, although a very thin film of epoxy without grit remained. The
relatively rapid appearance of severely worn areas was probably due to the effect of
high spots in the deck surface or the lack of uniformity of the hand application of the
epoxy compound,

Subsequent inspections have shown severe wearing of the exposed overlay in
a pattern similar to that observed in the test strip applications. The isolated areas
showing severe wear increased in size under exposure to traffic, and five years after
application the overlay is severely worn with substantial areas of exposed concrete.
The application is showing signs of the loss of aggregate and polishing typical of the
performance of the coal tar modified systems in the test strip study, and it is possible
that its skid resistance may be low.

General Survey of Epoxy Applications

Overlays composed of a coal tar modified epoxy resin system with silica sand
of various sizes on approximately fifty structures were inspected and their performance
brieflv recorded during the course of the study. In contrast to the test strip and Acca
Yards applications, these overlays had been placed on older structures, many of
which had exhibited deck deterioration, as part of the Department of Highways mainte-
nance program.

Almost without exception the exposed thin bonded overlays exhibited wear ac~-
companied by at least small isolated areas of exposed deck surface at high points often
located near the crown of the roadway or at the joints. While wear was not severe on
many rural highways with low traffic volumes, the overlays were virtually completely
worn off some of the heavily traveled structures, and severe wear was generally
apparent in the wheel paths of overlays on major highways. Several of the worn areas
exhibited the characteristic polishing noted in the test strip applications, and the ex-
posed overlays with small grained sand aggregate usually had evidence of a decline in
skid resistance.

Delamination of the overlay due to improper bond was noted in several in-
stances. Often the distress was confined to very small areas with good bond evident
at the edges. Delamination of the earliest overlays, which were often applied on older
bridges with heavy traffic flow, was occasionally quite severe; proper surface prepa-
ration in such cases is extremely difficult.

The proper placement of an overlay remains something of an art. Applications
made by experienced contractors generally exhibited little distress connected with
surface preparation or application techniques. Other applications showed marked
differences in performance between individual batches of the epoxy compound, and
some of the overlays appeared to contain material which had not completely reacted,
possibly because of insufficient mixing of the components.
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The surveyv disclosed instances of distress in the concrete deck in conjunction
with overlavs containing both fine and coarse aggregate. The cause of the distress
was ditficult to determine, but it was usually associated with a se* erelv worn oy er-
Jav or apparently poor concrete.

Eighteen of the overlays in the survey had asphaliic wearing courses. The
main problem noted in these cases was the occasional loss of the asphaltic material
over steel deck joints, but the distress was localized and did not appear to be serious.
With the exception of one instance in which areas of a poorlv compacted wearing course
had been remoy ed bv traffic, the installations appeared to be satisfactorv with no evi-
dent distress. However, one disadvantage of the wearing course is the fact that it
can obscure any distress associated with the epoxy seal coat.

In summary, the general field sur: ey reinforced the findings of the test strip
evaluations 1n pointing out the need for thorough cleaning of the deck surface, removal
of poor concrete, and careful mixing of the components of the epoxyv resin svstem.
The inspections also indicated the need for and effectiveness of asphaltic wearing
courses to protect the epoxy seal coats.

Epoxy Mortar Overlavs

A final set1 of applications included in this study were three epoxy mortar
overlays, 3/% inch in thickness, with a screeded top surface. These applications
fromisad three major advantages: the incorporation of surface patching and deck
sealing 1mn a single maintenance operation, superior durability and renewal of skid
resistance due 1o the thickness of the overlay, and mmproved riding quality resulting
from the screeded top surface. Unfortunatelyv, the performance of two of the overlays
has been unsatisfactory.

The application of one of the three mortar overlavs was observed. The siruc-
wre, which was located on Interstate Route 81, was badlv deteriorated with both crack-
ing and spalling of the deck in several areas. The surface was prepared by sandblast-
ing after the remos al of all poor concrete. Exposed reinforcing steel was cleaned with
wire brushes just prior to placement of the overlay.

The epoxy resin svstem used in the apphication was Guardkote 250, the Shell
MRAX compound included in the test sirip studies, and the aggregate was an angular
sthica sand. The mortar was mixed in a plaster mixer and placed continuously in
front of the screed, shown in Figure 10. The screed, which covered approximatelv
seven feet of deck width on each pass, was pulled along steel rails at a umform rate,
and the only hand fimshing generally required was at the edges of the strip. The
overall appearance of the overlay was attractive, and the surface seemed to be free
ol open vouds.

An inspection approximately two and one half vears after application of the
overiay showed 11 to be wearing well, and i11s skid resistance was bhelieved 10 be quite
satisfactory. However, two large areas, one approximately 3 feet square and the other
2 feet by 1 feet, of delamination were noted. Relatnively hitle of the overlay had been
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Figure 10. Screed used to finish the top surface of the
Guardkote 250 mortar overlay.

lost, as shown in Figure 11, but the large areas were unbonded. A second applica-
tion, also applied to a severely deteriorated deck, exhibited extreme distress in-
cluding loss of the overlay and the development of severe cracking quite rapidly.
The third overlay, a more recent application, has been inspected only once, slightly
less than one year after its placement. No distress of any sort was noted at that
time.

The delamination of the overlay is due to loss of bond rather than the pres-
ence of inferior concrete, and it appears that the problem is one of application. In
spite of the fact that the mortar mixture was pulled aside perjodically to ensure
proper wetting of the deck surface by the epoxy binder, the bottom of pieces of the
overlay removed during inspections have a porous appearance with many voids
apparent, indicating poor wetting of the surface. There is no indication that the
failure was due to the nature of the oil modified epoxy resin system, which is not
100 percent reactive.

Because of the poor performance of two of the three mortar overlays, use
of the procedure cannot be recommended.

- 32 -
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Figure 11. Delamination of the Guardkote 250 overlay
due to loss of bond.

CONCLUSIONS

The conclusions drawn from this study are based on observations of the test
strip installations of seven epoxy resin compounds, supplemented by inspections of
approximately fiftv full-scale applications of thin bonded overlays, all of which uti-
lized a coal tar modified system. It is believed that the findings listed below are
pertinent to the application of thin bonded overlayvs of most common epoxy resin
svstems. Alternate methods of deck protection, of which there are many available,
were not investigated.

1. The coefficient of thermal expansion of an epoxyv resin compound
may range from approximately seven to more than ten times that
of concrete. While the difference is decreased markedlv by the
addition of aggregate to the epoxv system, the resulting coefficient
remains significantly higher than that of concrete, and stresses
resulting from thermally induced expansion and contraction of an
epoxv patch or overlay can cause fracture in the underlving concrete
if it is not structurally sound. Placement of an epoxy overlay is not
appropriate to remedy the presence of concrete of poor quality in a
bridge deck.

-~ 33 -
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10.

Proper bond of an epoxy cveriny o~ o) o s propey poviormance,
but 1t must be realized that an cposv vaving cement need not funciion
as a structural adhesiie. Delamoantion of the ooerlavs was a serious
prohlem 1n onlv one mstance o the (est s siodv, and b appears that
hond strength requiremenis for adbosiocs mghit i

o pndhily restrictive
with respect to compounds iiendod for vse a5 soal coats,

Properly performed, e¢ither soexvd ctchimg or sandbjasting can provide

a suitably clean surtace for the apitication of epoxy compounds.  The
use of sandblasting 1s racommended hecause 1t can be accomplished

without the apphcanon of water 1o the deck suriace,

If the deck surface 1s wetted, 11 must Le g on ample tume, probably
more than twentv-four hours, n which o dry,

The test strip study reinforees the work of others imondicating that
particle size and shape influcnce the farmation o open voids, or
pinholes, in an overiav, (7h Vao af an aggrevate compoascd of rounded
particles passing the number 26 <resve s recommended, but an over-
lay made with this ageregate muw
because of low skid resisiance,

i

o bhe covered by g wenring course

ford
g

Reflective eracking, the jormatian of cracks on e ~oal coal over those
in the deck concrete, s appoorontiy o problem conumos 1o many epoxy

compounds, and the consequences of such cracking should be considered
in the choice of an epoxy membrane vor=ns a seal of some other tvpe,

Wearing of an exposed e¢poxyv overiav under irattie, as muantiested in the
loss of hoth skid resisiapce of the sarioee omd pectection atforded the
underiving concreie, s the defrmtive tacior i the sepvice Hife ot the
appheation.  Use of an asphaltic wearing coutse o protect the epoxy
seal coat 1s considered essential o the connnued cliectiveness of an
overlay appheation.

Regardless of the type ot deshiclng qggregate empioved, unprotected
epoxy overlavs sufter a4 contimung dechine i =hod resistance under
exposure to traffic, The skid resistance of such overiavs, particularly
those contaimng coal tar maoditied cposy resin svatems which tend to
lose aggreguate and polish, shounld bhe ovaduated periodicaliv,

The results of this study do not indicate 2 superor enoxy compound for
use i seahing bridge decks., Use of the two mgid svstems, Surface Kote
and P, E. Surface Sealer, which have a recommended rate ol application
too thin to provide durahibitv, 15 not recommended in exposed overlay
apphicarnons. The coal tar maditied svstems, whieh are among the most
widelv used compounds, pertormed as well as anv 1o the study.

Based on the results of this studv, there s ne reason to beheve that a
bridge deck cannot he eftectively sealed he means of an epoxv membrane.
There are, however, many pritalis o0 ihe apphioation pracedure, and
careful attenuion to the detarl= o tne tecmgue s myandatory.
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