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This paper reports results from laboratory investigation and field trials on 
concrete repairs using epoxy and polyester resins with particular reference 
to outdoor works such as repair of concrete pavement. 

•A STUDY was conducted at the Central Road Research Institute, New Delhi, wur1 
heat-convertible synthetic resins such as epoxy and polyester resins to determine 
their efficacy in concrete repairs with particular reference to concrete pavement. 
Although both of these resins, particularly the epoxy resin, have been in use for con
crete repairs for sometime past (1, 2, 3), more information is needed to establish 
satisfactorily their different engineering properties in relation to environmental and 
job conditions. 

LABORATORY INVESTIGATIONS 

Materials 

In the epoxy resin formulation, the materials used were diphenyl-propane epi
chlorohydrin, polysulfide polymer, and tertiary amine. The tertiary amine, a cur
ing agent of catalytic type, was used to obtain an epoxy resin system with a relatively 
long pot life. 

The materials used in the polyester resin formulation were polyester resin (solu
tion of unsaturated polyester and monomer styrene), catalyst (methyl ethyl ketone 
peroxide), and accelerator (cobalt naphthanate). The purpose of the accelerator was 
to hasten up the reaction. The quantities of curing agent and accelerator were selected 
from consideration of gel time, curing schedule, and satisfactory pot life for outdoor 
works under tropical climatic conditions of India. Decisions on the optimum and 
economical proportions of the different resin constituents were based on some pre
liminary tests. 

Junma sand of fineness modulus 0.95 was used in the preparation of resin mortars . 

Mix Proportions 

In the case of polyester resin formulation, the gelation of which was sensitive to 
temperature and humidity, the quantity of accelerator was varied from 0.5 to 1.5 ml 
per 100 ml of polyester resin, keeping the proportion of catalyst the same, i.e., 
2.5 ml. The mixing, compaction, and finishing of 1:3 resin sand mortar were done 
manually at an average temperature of 29 C. The results of compressive strength 
and void content determined on 1 ½-in. cubes after 2 days of curing at 29 C in a 
thermostatically controlled oven are given in Table 1. It was observed that an in
crease in the amount of accelerator from 0.5 to 1.5 ml per 100 ml of resin reduced 
the pot life of the formulation at 32 C from 60 to 28 min, while increasing the 2 days' 
compressive strength from 9,037 to 10,963 psi. The void content increased from 1.5 
to 1.9 percent when the amount of accelerator was increased from 0.5 to 1.5 ml per 
100 ml of resin, presumably due to entrapping of more air as a result of quick-setting. 
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TABLE 1 

EFFECT OF QUANTITY OF CURING AGENT AND ACCELERATOR 
ON STRENGTH AND VOID PERCENTAGE OF RESIN SAND MORTARS 

Binder Accelerator (Resin) 

Polyestera (100 ml 0.5 
of polyester and 1.0 
2. 5 ml of catalyst) 1.5 

Epoxyb (100 phr of 
diphenyl-propane 
epichlorohydrin 
and 53 phr of poly-
sulfide polymer) 

8 Resin components about a year old. 

Curing Agent Pot Life 
(phr) (min) 

60 
35 
28 

4 50 
5 45 
7 35 
0 25 

11 19 

bResin components freshly obtained. 

Resin Sand Mortar (1 :3) 
Cured for 48 Hr at 

29 C (avg) 

Void Compressive 
(percent) Strength (psi) 

1. 5 9,037 
1.5 10,518 
1.9 10,963 

1.05 5,185 
1. 75 6,281 
2.65 6,444 
2.68 6,667 
3.00 7,000 
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Because the decrease in pot life reduced the usable period of operation and also be
cause the atmospheric temperature in a large part of India during summer months 
may be 45 C and still higher on a concrete surface exposed to the sun, the amount of 
accelerator chosen for subsequent investigation was 0 .5 ml per 100 ml of resin. It was 
felt that the warm environmental condition would itself act an accelerator and complete 
the exothermic reaction at a faster rate. 

Similar tests were also carried out with epoxy resin formulation by varying the 
quantity of the curing agent from 4 to 11 parts per hundred parts of resin (phr) and by 
keeping the same quantities of diphenyl-propane epichlorohydrin ( 100 phr) and polysulfide 
polymer (53 phr) (Table 1). It was observed that the results were similar to those obtained 
with the polyester resin. An increase in the amount of curing agent from 4 to 9 phr 
reduced the pot life at 32 C from 50 to 25 min and increased the void content from 1.05 
to 2 .68 percent, while increasing the compressive strength at 29 C average curing 
temperature from 5,185 to 6,667 psi. Because the difference in strength was not high, 
from the point of view of pot life and void content, the proportions chosen for the dif
ferent constituents were diphenyl-propane epichlorohydrin, 100 phr; polysulfide poly
mer, 53 phr; and curing agent, 4 phr. 

Properties 

With the selected formulations, studies were conducted on resin sand mortars (1:3, 
1:4, and 1:5 by weight) to determine compressive (at 2,000 psi per min loading rate), 
tensile (as per IS 269, 1958), and flexural (a.t 100 psi per min loading rate) strengths 
under curing at 32 C and at elevated temperatures of 100 and 200 C. The specimens 
consisted of 1 ½-in. cubes, 1- by 1- by 6-in. bars , and standard briquettes for com
pressive, flexural, and tensile strength tests respectively. The curing period was 
varied from 3 hours to 14 days. The results given in Table 2 show that 1:3 polyester 
resin sand mortar could yield compressive and tensile strengths of 4,000 and 600 psi 
respectively after 6 hours of curing at 32 C. In the case of epoxy resin mortar, a 
period of 24 hours was found to be necessary to obtain the same compressive strength. 
The flexural strength values for richer mixes (1:3 or 1:4) of both the resin mortars 
were quite close (5,000 to 7,000 psi) to each other. There was, however , a sudden 
drop when the mix was lean (1:5) such that the polyester resin mortar gave a flexural 
strength of about 60 psi only after 7 days of curing. The rate of s trength gain increased 
with elevation of the curing temperature up to about 100 C. Higher temperatures, 
particularly for a curing period of 12 hours or more, resulted in decreased strength. 

The gluing properties of 1:3 resin sand mortars with cement concrete were deter
mined through direct shear test at the bonded interface (4), flexural strength, and 
tensile strength on composite glued cement conc1·ete cubes (4 in.), cement concrete 
beams (4 by 4 by 20 in.), and standard cement mortar briquettes respectively. Tests 
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TABLE 2 

STRENGTH RESULTS OF RESIN SAND MORTARS 

Polyester Resin Epoxy Resin 

Mix 
Curing Period 

{by wt) Compressive Tensile Flexural Compress! ve Tensile Flexural 
Time Deg C Strengih Strengih strengih Strengih Strengih Strengih 

{psi) {psi) {psi) {psi) (psi) {psi) 

1:3 3 hr 32 3,111 Curing was 
not complete 

6 hr 32 4,000 600 400 200 
18 hr 32 6,666 1,500 2,666 800 
24 hr 32 9,556 1,500 4,000 1,000 
48 hr 32 12,000 1,700 5,111 1,400 
96 hr 32 12,899 1,850 6,000 1,600 
7 days 32 13,111 6,300 6,889 6,750 
14 days 32 13,333 7,111 

1:4 7 days 32 10 ,222 1,850 5,400 6,667 1,500 5,625 

1: 5 7 days 32 1,773 222 62.5 4,889 1,000 3,600 

1:3 12 hr 50 7,667 4,111 
100 10 .222 4,667 
200 s : 555 3,778 

1:4 12 hr 100 7,444 4,000 
200 4,000 3,555 

1: 5 12 hr 100 2,111 3,333 
200 1,270 2,778 

were first conducted on monolith specimens cured 28 days. The broken parts were 
glued together by applying a thin primer coat of resin formulation and then a 3/16- in. 
thick resin sand mortar and retested. The curing was done for 2 days at 32 C. The 
results given in Table 3 show that the bond between hardened cement concrete and resin 
sand mortar was satisfactory. Compared to monolith specimens, the glued samples 
showed a reduction of the order of 30 to 40 percent, 20 to 30 percent, and 5 to 10 percent 

TABLE 3 

GLUING AND BONDING PROPERTlES OF RESIN SAND MORTARS 
WITH CEMENT CONCRETE AND MORTAR 

Direct Shear Flexural Strength Tensile strengih 

Specimen Bonding strenRth of of Cement of Standard 
Media Cement Concrete Concrete Beams Cement Mortar 

Cubes {psi) {psi) Briquettes {psi) 

Monolith, 591 510 260 280 380 380 
28 days old 

Glued, Polyester 358 205 360 
2 days' curing resin sand 
at 32 C (1:3) 

Glued, Epoxy 350 200 350 
2 days' curing resin sand 
at 32 C (1:3) 

Monolith, 317 317 
28 days old 

Over laid with new Polyester 120a 
concrete, addi - formulation 
tional 28 days' 
curing in water 

Overlaid with new Epoxy 3oob 
concrete, add!- formulation 
tional 28 days' 
curing in water 

Overlaid with new Cement sand 246a 
cone rete, addi - slurry (1:1) 
tlonal 28 days' 
curing in water 

8 Failure at interface. bFailure in concrete overlay. 
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in direct shear, flexural, and tensile strengths respectively. In flexural and tensile 
test specimens, the failure was not at the glued surface, indicating that the reduction 
in strength was most probably due to formation of fatigue cracks near the plane of 
rupture during the first test. 

In addition direct shear test was conducted to determine the efficacy of both the 
resin formulations as bonding media between old and new cement concrete for works 
such as patch repairs and overlay. The application consisted of a thin coat of resin 
formulation over 28-day-old surface-dry concrete specimens. The new concrete was 
placed immediately afterward, followed by compaction and finishing, The test results 
after 28 days of normal curing of new concrete in water are given in Table 3. It is 
seen that, although epoxy resin formulation can be used as a satisfactory bonding 
media for concrete overlay work, with polyester resin there was considerable reduc
tion {50 to 60 percent) in bond strength. 

In durability tests 1:3 resin sand mortar samples were subjected to (a) alternate 
heating and cooling (one cycle consisted of heating at 50 C in an oven for 6 hours and 
cooling in water at 27 C ± 2 C for 18 hours); (b) freezing and thawing (one cycle con
sisted of 18 hours of freezing at -3 C in a cooling chamber followed by thawing in 
water at 27 C ± 2 C for 6 hours); and (c) 7 days' continued immersion in water at 
27 C ±5 C. While in the first 2 cases flexural strength was obtained on 1- by 1- by 
6-in. mortar bars, the effect of continued immersion was determined on 1 ½-in. cubes 
through compressive strength test (Table 4). The results show that both of the mortars 
were adversely affected by the durability tests. This was more so with polyester resin 
mortar. After 90 cycles of heating and cooling, the reduction in flexural strength 
was 56 and 45 percent for polyester and epoxy resin mortars respectively. Alternate 
freezing and thawing test showed a strength reduction of 40 and 33 percent for polyester 
and epoxy resin mortar respectively after 90 cycles. The strength reduction due to 
continued immersion in water for 7 days was 30 to 40 percent for both polyester and 
epoxy resin mortars. 

FIELD TRIALS 

Some full-scale field trials were conducted in 1964 with 1:3 polyester resin sand 
mortar to repair fine and wide cracks, shallow and deep low spots, and broken edges 
of concrete slabs in one of the airfields. It was observed that, although the perfor
mance of such repairs was quite satisfactory up to a year or two, the cracks reappeared 

TABLE 4 

RESULTS OF DURABILITY TESTS OF CURED SAMPLES 

91 Days 24 Hr at 27 C 
Item in Air 

at 27 C 1a 2b 3c 

Flexural strength, psi 
Polyester 1:3 5,626 3,82 5 2,475 3,452 
Epoxy 1:3 

Compressive strength, psi 
Polyester 1: 3 
Polyester 1: 4 
Polyester 1: 5 
Epoxy 1:3 
Epoxy 1:4 
Epoxy 1:5 

Water absorption, percent 
Polyester 1: 3 
Polyester 1: 4 
Polyester 1: 5 
Epoxy 1:3 
Epoxy 1:4 
Epoxy 1: 5 

6,150 3,82 5 3,375 4,127 

DAiler 90 cycle,- of ahcmate heati ng at 50 C in air and cooling at 27 C in air. 
bAfter 90 oyde.s of al Lttnal.tl heating at 50 C in air and cooling at 27 C in water. 
cAfter 90 cycles of alternate freezing at -3 C and thawing at 27 C in water. 
dAfter 7 days of immersion in water at 27 C, 

7 Days 
in Air 

at 32 C 

13,111 
10,222 

1,773 
6,889 
6,667 
4,888 

7 Days 
at 32 cd 

9,111 
6,667 

889 
4,444 
4,222 
2,222 

0.30 
0.67 
8.70 
0.15 
0.32 
4.0 
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Figure 1. Preparation of central groove in the freshly 
laid resin sand mortar along a crack under repair on 

National Highway 2. 

Figure 2. Application of epoxy resin formulation to 
treated surface of existing concrete slabs immedi
ately before placing overlay concrete on National 

Highway 2. 

subseqµently. This was probably due to fatigue of bond between the resin mortar and 
cement concrete and inadequate contact area between them. It was felt that, in the 
repair of the cracks, trapezoidal notch with larger width at the bottom should be pre
ferred to V-notch, and forming a regular joint in the mortar might prove effective in 
preventing subsequent spalling of the repaired portion. The latter was to provide a 
guided, weakened plane. This was tried in 1966 when some cracks were repaired in 
cement concrete slabs on National Highway 2 near Delhi by using both the resins 
(Fig. 1). The grooves were later sealed with a joint sealing compound to prevent in
gress of water. The performance of these repairs over a period of about 1 ½ years 
has been very satisfactory. 

About 1,000 sq ft of an old 5-in. cement concrete pavement on National Highway 
2 near Delhi was overlaid with a 2-in. cement concrete surfacing by using epoxy resin 
formulation as bonding media (Fig. 2). The treatment to the existing concrete surface 
followed the usual procedure recommended for rigid overlay work. The green con
crete was placed immediately after the resin coat was applied to the dry surface of the 
nln rPmPnt f'nnf'rPtP . The. .9e.ctinn has he.en giving .s~ti1;1far.tnry pe.rformancP. for the. 
past 1 ½ years. 

CONCLUSION 

For outdoor works in tropical countries such as India, the amount of curing agent 
.required to be admixed with epoxy resin was found to be 4 to 5 phr instead of the 9 phr 
used in colder climates and for indoor works. In the case of polyester resin, the quan
tity of accelerator necessary was 0.5 ml per 100 ml of the resin. Higher amounts of 
curing agent or accelerator not only decreased the pot life of the formulation con
siderably thus making its use uneconomical, but also resulted in increased void con
tent and only inconsiderable gain in strength. For high early strength, polyester 
resin mortar was found to be preferable. Mortar mixes leaner than 1:4 were found 
to be unsuitable for repair work. Curing at temperatures up to 100 C was beneficial, 
but higher temperatures affected the strengths adversely. With dry surfaces of con
crete, both resin mortars gave good bond. These mortars were, however, susceptible 
to alternate heating and cooling, alternate freezing and thawing, and continued contact 
with moisture, although the effect on polyester resin mortar was more severe. In 
rigid overlay construction involving laying of green concrete over the old concrete 
surface, only epoxy resin formulation could come in question as bonding media. 

In repair of cracks and low spots, both types of resin mortars could be used. A 
trapezoidal notch was preferred to a V-notch. In concrete pavement repairs, a regular 
joint could be made by making a groove in the resin mortar before it was dry. 
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