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ABSTRACT 

Investigation of a Polymer Concrete 
Composite Material for Runway Applications 

Jay Howard Zeilenga 

The use of fiberglass cloth layers as flexural reinforcement 

for polymer concrete was investigated. The influences of resin 

systems, cloth, aggregate, fine fillers, moisture content of aggre¬ 

gate, and specimen depth on the properties of the composite material 

were studied. The laboratory investigation was oriented towards the 

composite’s considerable potential for panel applications and possible 

application as a pavement material. The concept of quickly installed 

runways made of this polymer concrete composite material is discussed. 

The composite with two bottom layers of a light-weight glass 

cloth exhibited twice the flexural strength and three times the elonga¬ 

tion limit of polymer concrete alone. A silane coupling agent was shown 

to improve the retention of strength of polyester concrete made with 

wet aggregate for moisture contents below three percent. The thickness 

of the composite, and of the polymer concrete alone, only slightly 

affected the flexural strength. This lack of sensitivity to specimen 

depth is important when considering production of panels of varying 

thicknesses. 

The ability of the composite to deform considerably, and its 

higher strength in excess of that for polymer concrete and ordinary 

concrete was noted as being desirable for constructing thin, durable, 

fast-setting pavements over weak and non-uniform subgrades. 
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I. INTRODUCTION 

The research on the polymer concrete composite material des¬ 

cribed in this thesis was directed towards its potential as a quickly 

installed runway pavement material and the parameters affecting its 

physical properties. By combining polymer concrete with a glass 

reinforced polymer backing, using the same polymeric binder through¬ 

out, a polymer concrete-laminate composite material was developed. 

Polymer concrete is generally made by adding a small quantity 

of a liquid polymer resin to mineral aggregate to give a stiff, dense 

mixture. The mixture is cast and cured to produce a material with 

concrete-like properties. Polymer concretes have high compressive 

and tensile strengths (two to four times that of structural concrete), 

high chemical and abrasion resistance, and low permeability. 

A glass reinforced plastic is produced by wetting cloth, mat, 

or fibers with a polymer resin. The final product is a high strength, 

high modulus material with many uses. Glass reinforced plastics made 

with polyester resin and layers of woven cloth, i.e. laminates, ex¬ 

hibit excellent strength-to-weight ratios, high dimensional stability, 

impact resistance, and chemical resistance. It is desirable to take 

advantage of the much higher tensile strengths of glass reinforced 

plastics by using a thin laminate as a bottom layer to flexurally 

reinforce a thicker, top layer of polymer concrete. 

Based on the apparent lack of data on the use of a thin backing 

of cloth reinforcement for polymer concrete in the available literature, 
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and its many potential applications, the scope of this investigation 

was defined. 

To understand the effects of the various components on the 

composite properties and to guide in the selection of materials for 

these components, the previous work by Burleson and Helal was used as 

a starting point. Promising polymer concrete formulations were com¬ 

bined with cloth reinforcement as a backing material to make test 

samples. The effects of these materials on sample preparation and 

processing was noted. Flexural testing was subsequently used to 

measure the effects of these materials and their characteristics on 

the properties of the resulting composite. 



II. LITERATURE REVIEW 

The development of polymer concrete materials over the last 

quarter century has been extensively reviewed (9, 10, 19, 28, 34)* 

A wide variety of monomers, prepolymers and aggregates has been 

studied over the last decade, and.current literature contains many 

publications based on patents for mixtures of increasing complexity 

for specific applications (8, 20, 36). 

However, the number of publications on polymer concrete rein¬ 

forced with chopped or continuous fibers, woven cloth or rovings, is 

very limited, and confined primarily to the influence of steel or 

chopped glass fibers on the mechanical properties of polymer con¬ 

crete (1, 5, 12). While several applications for cloth reinforced 

polymer concrete have received passing mention (18, 27), only in one 

article, in 1965, by Stamenov, were data found on the use of glass cloth 

layers to reinforce polymer concretes (33). A detailed summary of this 

work is presented below, followed by a review of the literature related 

to the potential application of polymer concrete composite materials 

for runway pavement applications. 

Stamenov used fine silica sand filler, 16% polyester, cyclo¬ 

hexanone peroxide catalyst and cobalt naphthenate promoter to obtain 

the following results: flexural strength of 4 x 4 x 16 cm beams 

4880 psi, and modulus of elasticity 3.8 x 10^ psi. Shrinkage during 

cure was 0.06 to 0.08%. The bond between the polymer concrete and 

glass reinforced plastic was 3405 psi, and for steel, 1560 psi after 

24 hours of curing. Similarly, Brocard and Cirrode (5) for larger 
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sized siliceous aggregates achieved a flexural strength of 2450 psi 

and a modulus of elasticity of 2.7 x 10^ psi for 7 x 7 x 28 cm poly¬ 

ester concrete specimens. 

Based on the high bond strength of glass reinforced plastic to 

polymer concrete, Stamenov next studied the influence of glass cloth 

and woven rovings on the flexural properties of 16% polyester concrete. 

2 
A heavy satin weave glass cloth weighing 600 g/m was placed either 

below, above and below, or as a middle layer in 2 x 10 x 44 cm beams. 

The beams were tested by center-point loading and yielded the follow¬ 

ing flexural strength and modulus values: single cloth layer below, 

12915 psi and 5.6 x 10^ psi; double layer below, 16960 psi and 

6 6 
4.3 x 10 psi; single layer above and below, 6925 psi and 3.4 x 10 

psi; and for a single middle layer, 5220 psi and 5.5 x 10^ psi. A 

control sample (no reinforcement) exhibited a flexural strength of 

4260 psi and a modulus of 3.6 x 10^ psi. The addition of a single 

or double layer of cloth increased the flexural strength by 3-4 

times and modulus by 1.2-1.5 times that of the control. 

When roving was used in place of the cloth, the following 

g 
flexural strengths and moduli were reported: 5010 psi and 3.65 x 10 

psi for single layer below, and 4583 psi and 5.55 x 10^ psi for a 

single layer above and below. Stamenov noted the influence of woven 

rovings on the flexural strength was much less than that of the glass 

cloth, but the wovings greatly increased the elongation limit of re¬ 

inforced samples. 

Elongation values measured at 0.5 of the failure load were 

60 x 10~5 for the control, 85 x 10 ^ for single or double layers of 
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cloth below, and 120 x 10 ^ for a single layer of roving below. 

By comparison, Bares (2) indicated an ultimate strain of 

~ 500 x 10 ^ in flexure should occur for *'16% polyester concrete. 

Burleson (6) measured ultimate flexural strains of 171 x 10 ^ for 

a 16% polyester-methyl methacrylate, fine sand and gypsum formula¬ 

tion. The addition of 3/8 in. chopped glass fibers into the formu¬ 

lation increased the resin requirement to 23.6%, and produced a 

flexural strength of 6000 psi, modulus of 1.6 x 10^ psi and an 

ultimate strain of 440 x 10 ^ for 2x8 in. cylinders. 

In an attempt to determine the potential of using the polymer 

concrete composite as a quickly installed runway material, a review 

of the existing methods for semi-prepared runways and the rapid re¬ 

pair of bomb damaged runways was undertaken. The existing criteria 

for these methods may allow an assessment of the potential of the 

composite material for this application. 

Bock (3) has listed the methods used to make semi-prepared 

airfields in Germany during WWII after Allied bombers had destroyed 

conventional airfields: cement-soil stabilization, bituminuous sand 

course and soil stabilization, soil stabilization by special granu¬ 

lometry, and surfacing by metal sheets, grates and mats, and concrete 

grates were tried. No details on the advantages or disadvantages of 

these methods were presented. 

It was noted by Sampson (31) that classification of sites for 

emergency landings must include information on the dimensions of the 

landing area, terrain, surface roughness, obstacles and soil bearing 

capacity. These parameters were quantified to allow the development 
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of a military coding system to describe any terrain likely to be en¬ 

countered. Use of such a code to identify suitable locations for 

semi-prepared runways may be possible. Classification of semi- 

prepared runways is similar with respect to terrain; however, addi¬ 

tional atmospheric parameters such as air temperature, wind, and 

weather must be considered (3). Finally, the characteristics of the 

aircraft using the field are required for designing any runway pave¬ 

ment (32) . 

Boyer (4) reported on the screening of over 200 materials as 

candidates for repair of bomb damaged runways (BDR). The screening 

criteria of high early strength in both wet and dry environments over , 

temperature ranges of -25° to +125° F was required. Polyurethane 

resin was recommended for the application areas of structural caps 

and scabs, crater fill, stabilized soil, and wearing surfaces. 

However, the feasibility of using polyesters, acrylics and epoxies 

for structural caps and wearing surfaces was noted. Boyer briefly 

mentioned the application of glass reinforced plastic over crushed 

stone backfill as a repair method, and the use of Typar, a high 

strength fibrous sheet of polypropylene filament as an underlying 

support for roadways. This study was part of a large U.S. Air Force 

program to develop new Rapid Runway Repair (RRR) materials to improve 

existing BDR capabilities. 

Fowler (12) has described the Air Force requirements for BDR 

materials. For polymer concrete, the primary requirements for RRR 

are the following: rapid cure, high strength, durability, and rapid 

placement in all weather conditions, over a temperature range of 
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-25° to +125° F, A minimum flexural strength of 400 psi after one 

hour of placement was established. In addition, the repair of three 

750 pound bomb craters (diameter ** 60 ft/crater) within one hour was 

required. 

It is anticipated that perhaps similar but less stringent 

requirements for semi-prepared runways can be formulated, based in 

part on the above RRR program. This topic is discussed in Chapter V 

of this thesis. 

McNemey (21, 22) has investigated the use of a methyl metha¬ 

crylate binder with various additives to improve the strength and 

moisture tolerance of a polymer concrete system for RRR. No chemical 

additive was found that improved the strength of polymer concrete 

made with wet aggregate; but interestingly, steel fibers improved the 

wet strength properties. At 2.5% moisture content of the aggregate, 

the compressive strength was increased by 13%, the splitting tensile 

strength by 49%, and the flexural strength by 230%. In addition, a 

calculation of the Westergaard interior stresses indicated that pave¬ 

ment sections as thin as 4 to 5 inches, for flexural strengths of 

1500 to 200 psi, would withstand aircraft traffic. For the simulated 

loading of 1400 passes of a F-4 fighter, use of Miner's hypothesis 

for variable loads to failure, predicted a flexural strength require¬ 

ment of 5000 psi for a 2.5 inch pavement (21). 



III. SCOPE OF THIS WORK 

Based on the literature search which has been presented, the 

scope of this work was defined. The lack of data on the promising use 

of glass cloth materials to reinforce polymer concrete was apparent. 

In addition, a logical extension of the work on rapid runway repair was 

to consider the use of reinforced polymer concrete as a runway pavement. 

The much higher raw material cost of polymer concrete as compared to 

ordinary concrete forces consideration of special applications such as 

quickly installed runways. 

This thesis represents an extension of Burleson’s and Helal’s 

work on polymer concrete (6, 13). Burleson’s optimum formulations 

served as a starting point for the formulations studied in this investi¬ 

gation. Helal found the creep of Burleson’s optimum formulation to be 

higher than ordinary concrete. Creep is a major problem when polymer 

concretes are subjected to long-term loads. However, the intermittent 

nature of aircraft loadings on airfield pavements should reduce the 

problems associated with the creep of polymer concretes. More impor¬ 

tantly, all static-type strength tests indicate that polymer concretes 

are vastly superior to ordinary concrete, which implies improved fatigue 

properties for polymer concretes. The following objectives of this work 

were then established: 

1. Recognize the important features of polymer concrete 

composites. 

2. Develop cloth reinforced-polymer concrete composite systems 
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which have potential as construction materials. 

3. Test and evaluate the physical properties of these com¬ 

posites with regard to their possible use as runway 

pavement materials. 



IV. EXPERIMENTAL METHODS 

A summary follows of the methods used in this research• Material 

selection, sample preparation and testing procedures are described. 

Flexural testing was chosen as the method of physical testing of the 

strength characteristics of this composite material. The ultimate 

flexural properties of the resin binder directly influence the mechani¬ 

cal properties of the composite. Flexural testing is most widely used 

for quality control of highways and airport runways, where it gives 

more useful information than compression tests. For the variables 

studied, flexural testing is a sensitive measure of the effect of 

changes in these variables. 

A. Materials 

Significant characteristics for each material are listed below: 

1. Resin Binder Materials 

a. Polyester Resin - Dion Iso 6315, Koppers Co. 

(i) corrosion resistant isophalic polyester 
(ii) non-promoted and non-thixotropic 
(iii) contains styrene monomer 

(iv) high strength properties 
(v) designed for ambient curing 

b. Vinyl Ester Resin - Hetron 922, Ashland Chemical Co. 

(i) excellent corrosion resistance 
(ii) non-promoted and non-thixotropic 
(iii) contains styrene monomer 
(iv) high strength properties 
(v) rapid cure at ambient temperatures 

c. Methyl Methacrylate (MMA) - Rohm & Haas Co. 

(i) excellent corrosion resistance 
(ii) low viscosity, high volatility 
(iii) high strength properties 

10 
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d. Chemical Crosslinking Agent - Diallyl Phthalate 

(i) improve polymerization 
(ii) increase strength, stiffness and toughness 
(iii) improve chemical resistance 

e. Silane Coupling Agent (SCA) 2f- Methacryloxypropyl- 

trimethoxysilane 

(i) improves interfacial bonding between resin 

matrix and aggregate particles 
(ii) bifunctional chemical 

f. Catalyst - Methyl Ethyl Ketone Peroxide (MEKPO) 

(i) provides free radicals necessary for polymeri¬ 
zation when decomposes 

(ii) decomposes at high temperatures or at room 
temperature if promoter is present 

g. Promoter - Cobalt Naphthenate.(CN) 

(i) lowers activation energy for decomposition of 

catalyst 
(ii) allows room temperature curing 

2. Fine Aggregates 

a. Cement Sand (Fine) 

(i) sedimentary and limestone aggregates 
(ii) within ASTM grading curves 

(iii) low absorption characteristics 

(iv) good particle strength 

b. Silica Flour 

(i) high silica content 
(ii) gradation of fine particle sizes 
(iii) very low absorption characteristics 

(iv) high particle strength 

3. Fillers 

a. Gypsum Plaster - CaSO^ 

(i) fine, white powder 
(ii) thixotropic agent 
(iii) high water solubility, absorbs moisture 

b. Talc 

(i) white, platy, fine ground powder 
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(ii) inert to most chemicals 
(iii) softest known mineral when pure 

c. Barite - BaSO^ 

(i) fine, white bulky powder 

(ii) excellent chemical resistance 
(iii) lowest solubility of sulfates 

(iv) high density filler 
(v) promotes faster cure of polyesters 

d. Silica Gel 

(i) porous, particle type amorphous silica 
(ii) basically inert, high purity, finely divided 

powder 
(iii) thixotropic agent 

(iv) removes moisture 

e. Titanium dioxide - ÜO2 

(i) white powder, used as pigment 
(ii) excellent chemical and weather resistance 
(iii) increases heat resistance 

(iv) very low absorption characteristics 

4. Fiberglass cloth - #200, 4 oz. AC, treated, A. L. Miles Co. 

(i) plain weave, .006 in. thickness 
(ii) excellent tensile strength 
(iii) moisture sensitive 

B. Sample Preparation 

The mixing methods described here relate to all samples made 

unless stated otherwise. The silane coupling agent (SCA) and methyl 

ethyl ketone peroxide (MEKPO) were added to the polyester resin system 

previously promoted with cobalt naphthenate (CN). The resulting resin 

binder was then mixed with the aggregates, and then poured into the 

open bar molds. Once in the molds, the mixture was compacted, rodded, 

and vibrated manually to minimize trapped air bubbles. Mylar film was then 

used to cover the specimens. All specimens were removed from the molds 

after 24 hours of ambient curing. 
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When fillers were used, they were uniformly mixed with the fine 

aggregates before the resin binder was added. The fine aggregates were 

air or oven dry, and the fillers were all oven dry. To oven dry fine 

aggregates and fillers they were heated at approximately 110° C - 

10° C until constant weight was reached. This occurred within 24 

hours at these temperatures. It was found that the air dry fine 

aggregates typically contained less than 0.5% moisture when they were 

oven dried in this manner. 

When layers of fiberglass cloth were incorporated as a laminate 

facing, a scissors was used to cut the layers of cloth to the required 

size. The rectangular pieces of cloth were placed in the bottom of the 

mold prior to the mixing of the resin and aggregate mixture. At first, 

part of the resin binder was used to saturate the cloth layers. Since 

this was time-consuming, it was found that if the polymer concrete mix 

was simply poured on top of the cloth layers, a small amount of the 

resin would be absorbed by the cloth layers. Very little difference 

in the appearance of the specimens made by these two methods was noted, 

and flexural testing results confirmed this observation. Therefore, 

the simpler method was adopted for specimens made with fiberglass 

cloth reinforcement. 

The ratio of resin to aggregate was determined by the amount 

necessary to give a stiff, workable mixture. The bar molds were made 

of cardboard lined with aluminum foil for the 3/8 x 1.5 x 8 inch 

specimens, and from epoxy painted plywood frames placed between glass 

plates for the larger 3/4 x 3 x 18 inch and 1 x 3 x 18 inch specimens. 

Carnuba wax was found to be an adequate mold release for the larger 



14 

plywood molds. No mold release was required with the foil-lined molds. 

All specimens were cured at ambient temperature (20 i 2° C) and 

humidity (50%) in a laboratory hood for at least 5 days prior to test¬ 

ing. Previous work by Helal indicated that the material would reach 

80% of its final compressive strength after 24 hours of curing, and 

reach full strength after 4 days at room temperature (13) . 

C. Testing Procedures 

All material testing was done in accordance with the applicable 

ASTM standards^. The details of the testing procedures are given 

below: 

1. Sieve Analysis - ASTM C136 

a. Medium size U.S. standard sieves 

b. Shaken by hand 
c. Samples dried to constant weight at 110 C ± 10 C 

2. Flexural Strength; Modulus of Elasticity in Bending - 

ASTM D790, Method I - center point loading (Figure 1) . 

a. Rectangular bar molded specimens 
b. Rigid center point jigs constructed to allow use of 

available tensile load cells 
c. Leather shims (0.040 in. thick) employed to insure com¬ 

plete contacting of the specimens width at the load 
and support pins 

d. Load-deflection data recorded from an Instron Floor 
model with a synchronized chart 

e. The rate of strain application was 0.10 inches per 

minute. The stress for any point on the load- 
deflection curve is given by 

3PL? 
S - 2bdZ 

where S * stress in the outer fibers at midspan, psi 
P * load at any point on the load-deflection 

curve, lb 
L - support span, in. 
b ® specimen breadth, in. 
d » specimen depth, in. 

1 
American Society for Testing and Materials 
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f. The modulus of elasticity in bending is calculated from 
the relationship 

B 
L3m 

4bd3 

where = modulus of elasticity in bending, or 

flexural modulus, psi 
L * support span, in. 
m » slope of the tangent to the initial 

straight-line portion of the load- 

deflection curve, lb/in. 
b = specimen breadth, in. 

d « specimen depth, in. 

<  L  > 

Figure 1. Orientation of Specimen for Flexural Testing 



V. RESULTS AND DISCUSSION 

The use of polymer binders, mineral aggregates, fine fillers, 

and fiberglass cloth reinforcement to make a polymer concrete - glass 

reinforced plastic composite material has been investigated. The 

influence of different polymer resins, aggregate sizes and gradings, 

the incorporation of fine fillers, the moisture content of the aggre¬ 

gates, and specimen size on the properties of the composite are dis¬ 

cussed. 

A. Resin Binder Formulations 

Initially, a duplication of Burleson’s optimum formulations for 

a polyester-styrene-methyl methacrylate polymer concrete was attempted 

(6). By incorporating a fine aggregate mixture of sand and gypsum 

powder, Burleson achieved flexural strengths of 5,600 psi, splitting 

tensile strengths of 1,860 psi and compressive strengths of 18,750 psi. 

It was found in casting small rectangular bar specimens of 

Burleson’s material for flexural testing that excessive evaporation 

of the methyl methacrylate occurred. This evaporation resulted in 

poor bonding between the resin and aggregate, and contributed to un¬ 

desirable warpage along the length of the bar specimens. While evapora¬ 

tion was noted by Burleson in his experimental results, it appears that 

his use of cylindrical molds (which have less exposed surface area for 

evaporation) minimized these problems. The subsequent use of mylar 

film placed over the exposed top surface of the material reduced the 

evaporation losses and produced cured specimens. However, the high 

shrinkage and monomer evaporation during curing resulted in warped 

16 
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specimens not suitable for testing. When the methyl methacrylate was 

omitted from the binder, the system cured completely, 

and the warping in bar molds was greatly reduced. Therefore, a com¬ 

mercially available polyester resin, Dion Iso 6315, manufactured by 

Koppers Company, Inc., was selected for further testing. This poly¬ 

ester resin had desirable handling characteristics and was easily cured 

at ambient temperature with the catalysts and promoters used. 

While the strength and weathering characteristics of composites 

made with methyl methacrylate are excellent, composites made with poly¬ 

ester resin exhibit moderately good strength and weatherability proper¬ 

ties (1) . It should be noted that the addition of methyl methacrylate 

to the resin system allowed 20% reductions in the weight of binder re¬ 

quired because of its low viscosity. If excessive evaporation of methyl 

methacrylate could be prevented, the reduction in binder weight required 

should reduce the shrinkage due to the curing of the resin components in 

this system. The optimum binder content depends on many factors and 

includes trade-offs between shrinkage, workability, and long and short 

term strength properties (1, 2). While it is desirable to minimize the 

amount of binder to reduce cost, the optimal amount of resin for maxi¬ 

mum flexural strength and not excessive ultimate strains generally cor¬ 

responds to a binder-to-filler weight ratio of 1:5 for polyester resin 

systems (2). 

It was found that improvements in the air curing of specimens 

made with polyester resin occurred with the addition of small amounts 

of diallyl phthalate to the resin binder formulation. It is antici¬ 

pated that the addition of diallyl phthalate should improve the abrasion 
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resistance, chemical resistance and mechanical properties of the resin 

binder (11). A vinyl ester resin, Hetron 922, from Ashland Chemical 

Co., was selected to observe if its different characteristics as a 

binder would influence the flexural properties. Table I describes 

the formulations developed for these materials. 

To determine the influence of catalyst and promoter on the 

curing behavior of the resin binders, a series of experiments was 

performed. The effects on the gel time, peak exotherm temperature, 

and time at which the peak exotherm temperature occurred for various 

levels of methyl ethyl ketone peroxide (MEKPO) catalyst and cobalt 

naphthenate (CN) promoter were studied. A thermocouple measured the 

temperature at the center of the 50 gram samples, and a strip chart recorder 

traced the exotherm curve during curing. 

The gel time was initially measured by noting when the gelling 

material "snapped-back" as a laboratory spatula was removed from the 

TABLE I. Resin Binder Formulations 

Polyester Binder Parts by Wt. 

Polyester resin 
Methyl ethyl ketone peroxide 

Cobalt naphthenate 
Silane coupling agent 
Diallyl phthalate 

100.0 
1.0 
0.1-0.2 
0.0-3.0 
0.0-5.0 

Vinyl Ester Binder Parts by Wt. 

Vinyl ester resin 
Methyl ethyl ketone peroxide 
Cobalt naphthenate 
Silane coupling agent 

100.0 
2.0 
0.4 
1.0 

a 
- MethacryloxypropyItrimethoxysilane 
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mixture. After several samples, it was found that the gel time meas¬ 

ured in this manner always corresponded to an exotherm temperature of 

35°C as measured by the thermocouple. Hence the gel time was defined 

as the time required for the curing material to reach 35°C. All ex¬ 

periments were carried out at ambient conditions. 

From Table II several trends can be identified. As the level of 

MEKPO is raised from 1.0% to 2.0% for both 0.1% and 0.2% CN, the gel 

time decreases and the peak exotherm temperature increases. At these 

intermediate CN levels, the gel time, peak exotherm temperature, and 

peak exotherm time depend primarily on the amount of MEKPO present. 

However, at lower or higher concentrations of CN, its influence on 

the gel time required is significant. 

TABLE II. Influence of MEKPO and CN on 
Curing Behavior of Polyester Resin 

Sample No. CN (wt%)a MEKPO (wt%)a 

Gel Time 

t (min)b 

Peak Exotherm 

(°C) (min) 

9.7 0.05 1.0 120 - - 

9.1 0.1 1.0 41 152 70 

9.5 0.1 1.5 23 177 38 

9.2 0.1 2.0 16 187 28 

9.3 0.2 1.0 40 157 67 

9.6 0.2 1.5 20 182 34 

9.4 0.2 2.0 12 191 22 

9.10 0.3 1.0 16 177 - 

Qi 

Based on resin weight 

^Measured at 23 ± 1°C room temperature, 50 gram samples 
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The polyester gels when sufficient crosslinking occurs. The 

crosslinking or polymerization rate depends on the rate at which free 

radicals are generated. If it is assumed that the extent of reaction 

required for gelation remains constant, then the rate of polymeriza¬ 

tion should be inversely proportional to the gel time (7). This is 

illustrated in Figure 2 where 1000/tn is used as a scaling parameter. 

The offset of the intercepts of the curves from the origin in Figure 2 

is due to the presence of a small quantity of inhibitor in the resin. 

At the start of the polymerization, the free-radicals generated by the 

catalyst and promoter react with the inhibitor and are de-activated. 

However, the small quantity of inhibitor is quickly used up in this 

process, and subsequently the additional free radicals generated 

polymerize the resin. It should be noted that while a linear rela¬ 

tionship between the amount of catalyst and 1000/tn is expected, the 

slope should depend on the rate or efficiency of free-radical genera¬ 

tion (24). From Figure 2, the higher value of the slope for 0.2% CN 

indicates a more efficient initiation process. 

When polyester resin with 0.2% CN and 1.0% MEKPO was combined 

with fine sand and cloth reinforcement, the resulting composite gelled 

in 45 minutes. Since a gel time of at least a half hour was required 

for the hand mixing and casting operations, this gel time was satis¬ 

factory. The cured specimens were tested in flexure and compared with 

composite specimens cured with 0.1% CN and 1.0% MEKPO. The specimens 

with 0.2% CN and 1.0% MEKPO showed an increase of 14 percent in the 

flexural strength and an increase of 30 percent in the flexural modulus 

over those made with 0.1% CN and 1.0% MEKPO (Table III, Samples 6.2 and 
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7.1). Thus, 0.2% CN and 1.0% MEKPO concentration levels were adopted 

for all subsequent composites made with polyester resin binder. 

Vinyl ester resins cure in the same fashion as polyester resins 

and were investigated to determine the effects of a different resin 

system on the composite properties. Concentrations of 0.2% CN and 

2.0% MEKPO gelled the resin by itself in 45 minutes, and gelation in 

the composite required one hour. 

In Table III, the influence of resin binder on composite 

properties is significant. The resin weight percentage required de¬ 

pended on the viscosity of binder. The lowest resin content, 20 per¬ 

cent for Burleson’s System I, was due to the very low viscosity of 

methyl methacrylate which reduces the binder viscosity. While the 

polyester and vinyl ester resins are much more viscous, only 3 to 6 

percent additional binder was necessary. The lower amount of resin 

required for vinyl ester relative to polyester can be explained as 

follows. The absence of any viscosity increase until near the end 

of the gelation period, when the vinyl ester very quickly gels; as 

compared to the gradual increase in viscosity with curing polyester, 

results in better wetability characteristics for vinyl ester resins. 

The presence of cloth layers, as expected, tended to increase the 

amount of binder necessary. However, at 27.5 percent binder, the 

samples were resin-rich. Samples made later on typically required 

25 percent polyester binder. 

The flexural strength of the polyester formulation, while 20 

percent better than the vinyl ester, was only 70 percent of Burleson’s 

polyester-MMA resin formulation (Table III). The lower flexural 
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strength is due in part to the greater strength of methyl methacry¬ 

late relative to polyesters and the higher resin loading required 

for the polyester resin binder. For the similar resin loadings of 

polyester and vinyl ester resin binder with the same aggregate system, 

the improved flexural strength indicated that the polyester resin 

binder was superior. Therefore, further testing of vinyl ester 

composite formulations was discontinued. 

B. Cloth, Aggregates, and Fillers 

The glass cloth layers when combined with the polyester resin 

present in the polymer concrete mixture, provided excellent flexural 

reinforcement of polymer concretes with thin cross-sections. This was 

expected from the excellent flexural properties of glass-reinforced 

plastics. Nearly a doubling in the flexural strength occurred when 

only two layers of glass cloth were used (Table III, Samples 15.7 

and 7.1). 

In Table III, the flexural modulus was reduced approximately 

10 to 30% for the samples when the cloth layers were added. Based 

on simple two-phase models, a flexural modulus intermediate of the 

flexural moduli for the polymer concrete phase and the cloth laminate 

phase would be anticipated (25, 26). From the much larger volume 

fraction of polymer concrete in the composite, and a typical laminate- 

to-polymer concrete flexural modulus ratio of 2.5, the flexural modu¬ 

lus of the composite should be slightly higher than that of the polymer 

concrete. The complex interactions between the aggregates, cloth 

fibers, and resin at the interfaces between the polymer concrete and 

laminate phases may explain this behavior. The greater anisotropy in 
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the interfacial region may increase the local stress concentrations 

and result in a weaker bond between the two phases, and a lower modulus 

than predicted by the simple models above. 

The addition of glass cloth also provided considerable flexural 

ductility as compared to polymer concrete alone, and to structural 

concrete. Figure 3 shows the stress-strain behavior of these materials 

in flexure. The three-fold increase in the elongation limit when 

cloth was present indicated that this composite was much more resis¬ 

tant to failure caused by deflection than polymer concrete. 

In this investigation, typical flexural strengths of 6000 psi, 

flexural moduli of 0.7 x 10^ psi, and ultimate flexural elongations 

of 1200 x 10^ were found for 25% polyester, fine cement sand concretes 

reinforced with two bottom layers of glass cloth. A square weave, 

2 
light-weight (*vl20 g/m ) glass cloth was used. Non-reinforced con¬ 

trols exhibited flexural strengths of 3000 psi, moduli of 0.8 x 10^ 

psi, and ultimate elongations of 450 x 10~* (Figure 4) . The experi¬ 

mental range of flexural stress-strain data for 3/8 x 1% x 8 inch 

beams indicated, in general, a doubling of the flexural strength, a 

tripling of the elongation limit, and a 20% reduction in the modulus 

for reinforced samples relative to non-reinforced samples (Figures 

3, 4). 

The use of a layer of non-oriented glass fibers, or a layer of 

woven rovings in place of the glass cloth was not considered in this 

work. The ductility of polyester concrete reinforced with glass cloth 

layers was such that further increases in the elongation limit by sub¬ 

stituting glass fibers or rovings was not justified for this investigation. 
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While these materials would increase the ductility, the flexural 

strength of the resulting composite made with a bottom layer of woven 

roving was greatly reduced and similar to that of non-reinforced 

polyester concrete (33). 

Comparison of these results to those of Stamenov (33) was 

difficult because of differences in glass cloth, aggregates, specimen 

size, and amount of polyester resin. It was believed that the larger 

values of flexural strength and modulus reported by Stamenov were pri¬ 

marily due to his use of only 16% polyester and a much thicker, heavy¬ 

weight glass cloth. As the resin weight is decreased from 25% to 

16%, the ultimate elongation decreases approximately 30%; the result¬ 

ing increase in stiffness implies more concrete-like properties for 

Stamenov's composite (2). The weight and orientation of woven glass 

cloth significantly influences the flexural strength of glass cloth 

laminates (15). Stamenovfs use of a heavy cloth, weighing five times 

that of the cloth used in this investigation, would result in a much 

stronger and thicker layer of cloth reinforcement for the composite. 

The above differences in glass cloth, resin amount, aggregates, 

sample size, and test conditions made it necessary to compare rein¬ 

forced polymer concretes to their non-reinforced polymer concrete con¬ 

trols to determine the relative improvements in physical properties. 

On a relative basis, the results of this investigation and Stamenov1s 

research showed similar increases in strength and ductility for the 

addition of cloth reinforcement to polyester concretes. 

Next, the influence of aggregates on the properties of polyester 

concrete without cloth reinforcement was investigated by characterizing 
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two aggregate materials. Flexural testing was employed because of its 

greater sensitivity to changes in aggregate properties than compression 

testing. 

Silica sand and cement sand were chosen because of their availa¬ 

bility and different aggregate properties. In Figure 5, the grading 

curves obtained from a standard sieve analysis of the silica sand and 

cement sand are shown. The silica sand has a narrower range of particle 

sizes than the cement sand. 

For the fine sand samples in Table IV, the fractions of fine sand 

that passed U.S. Standard 10 mesh and a 40 mesh screen were collected 

from large samples of the cement sand. These fractions of fine sand 

were chosen to allow use of the 3/8 x lh x 8 inch molds. For flexural 

testing the maximum aggregate size should be less than one-third of the 

minimum cross-sectional dimension and this guideline for aggregate size 

TABLE IV. Effect of Aggregate Characteristics on 
Flexural Properties 

Sample No. 
Resin 
(Wt%) 

Aggregate Characteristics 
Flexural 
Strength 

(psi) 

Flexural 
Modulus 

(10^ psi) Type3 
Grading/ 

Mesh^ MSA (in)C 

15.1 25.2 Fine Wide/40 0.0150 3310 0.94 

17.1 22.0 Fine Wide/10 0.0787 2830 1.01 

17.2 22.4 Silica Narrow/30 0.0234 4010 0.91 

a0ven dry aggregate 

^100% passes mesh size 

cMaximum size of aggregate 
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Aggregate Mesh Size (in.) 

Figure 5. Sieve Analysis of Fine Cement Sand and 
Silica Sand, ASTM C33 Grading Specifica¬ 
tion for Fine Aggregate, and Ideal Curves 
of Fuller. 
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was adopted (ASTM C192). The maximum aggregate size, corresponding 

to 10 mesh and 40 mesh fine sand, was taken to be that of the sieve 

openings, 0.0787 inch and 0.0150 inch, respectively. These maximum 

aggregate sizes were within the ASTM guideline adopted above. 

As the maximum size of the fine sand increases, the amount of 

polyester resin binder and the flexural strength should decrease. 

These two general trends have been noted by other researchers (1, 30, 

38). It was found for a well-graded aggregate that greater compactness 

occurred with larger maximum particle sizes. The fines will fill the 

voids between the larger particles, thus reducing the resin content re¬ 

quired to coat the aggregate. The decrease in flexural strength as 

maximum particle size increases is thought to be due to shrinkage of 

the resin as it cures around the larger, relatively immovable parti¬ 

cles (23). The larger the size of the particle, the greater the proba¬ 

bility that high local stress concentrations can occur. These highly 

localized stresses increase as the maximum size of the aggregate is in¬ 

creased, and thus decrease the flexural strength. 

The three samples in Table IV illustrate these two general 

trends with the exception of the flexural strength of the silica sand. 

The increase in flexural strength may be due to the surface texture 

and shape characteristics of the silica particles (17). Under 40X 

magnification, the silica sand particles appeared smoother and more 

spherical in nature than the fine sand particles. A smoother surface 

and a spherical shape would reduce the value of local stress concen¬ 

trations for the silica sand particles relative to the fine sand 

particles for the same particle size (23). This difference in surface 
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texture and shape may partially explain the gain in flexural strength. 

In addition, the differences in grading between silica sand and fine 

sand may have some influence on the flexural properties. 

Interestingly, the flexural moduli in Table IV for these differ¬ 

ent aggregate systems are very nearly identical. Generally the flexural 

modulus of polymer concrete or other composites are determined to large 

extent by the flexural modulus of the resin (11), and this observation 

seems to hold true for the two aggregate systems tested. 

Next, fine fillers were investigated to determine the influence 

of very small particles on the composite properties. Cloth reinforce¬ 

ment was used because some of the formulations might be useful starting 

points for decorative panel applications. Initially, it was thought 

that very fine fillers would reduce the resin content by partially 

filling the voids between fine sand particles. 

From Figure 5, the Fuller curves for optimum packing indicated 

that a greater percentage of fine particles below about 40 mesh might 

provide more optimum packing. However, as occurs with cement mixing, 

the presence of fine fillers increased the liquid requirements (5, 23). 

Furthermore, it was later found in the literature that the thickness of 

the resin film is such that it fills the voids between 200 mesh particles 

as it coats them, thus limiting the usefulness of fine fillers (11, 27). 

Therefore, the addition of fine fillers, while interesting, was discon¬ 

tinued in favor of examining the influence of wet aggregate on the com¬ 

posite properties. In Table V, data from the fine filler formulations 

are given. 
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C. Wet Aggregate 

Moisture present in the aggregate generally causes a dramatic 

reduction in the strength properties of polymer concrete. At moisture 

levels of only one percent in the aggregate, the reduction in compres¬ 

sive strength may be as much as 50 percent. Moisture absorptive 

fillers, chemical additives, aggregate coatings, and water-compatible 

resins have been investigated by other researchers (12, 22). A pre¬ 

ferred method to increase the retention of strength with wet aggregate 

would be a liquid chemical additive for the resin binder. Another 

method would be to incorporate the moisture present in the curing 

reaction of a binder formulation. 

A review of the available literature indicated that absorbent 

fillers such as lime or portland cement would increase the strength 

only due to hydration of the fillers. Silane coatings of wet aggre¬ 

gate improved the strength properties somewhat, but the technique 

involved was cumbersome and complicated (22). While silane coupling 

agents have been used commonly to increase the strength of polymer 

concretes, no systematic study of their influence with wet aggregate 

was found in the available literature. Therefore, a set of experiments 

was designed to investigate the influence of the silane coupling agent, 

V - methacryloxypropyltrimethoxysilane, on the flexural properties of 

polymer concrete made with wet aggregate. 

The polyester resin binder with 0.2% CN and 1.0% MEKPO and the 

silane coupling agent (SCA) were mixed with fine cement sand. The 

fine cement sand was oven dried to constant weight, and the moisture 
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content required was added to the dry sand just prior to mixing. In 

mixing wet sand with a moisture level of 4.0 percent, it was noted 

that when combined with the resin, a milky fluid gradually formed. 

To insure that the materials cured as completely as possible at room 

temperature, the samples were tested after one week of aging. 

The curves in Figure 6 illustrate the effects of wet aggregate 

and SCA on the flexural strength. The addition of 1.0% and 3.0% SCA, 

by resin weight, results in respective increases of 24% and 34% for the 

flexural strength relative to samples without SCA at 1.0% moisture. 

The two sample t-test statistic indicates that the differences between 

the mean values shown in Figure 6 at 1.0% moisture are very significant. 

The lower strengths of samples made with 3.0% SCA and dry aggregate may 

be due to excess SCA which dilutes and plasticizes the binder. Only 

1.0% SCA is necessary for a monolayer coating of the aggregate surface 

2 
area (^0.02 m /g). At intermediate moisture levels, water reacts with 

the SCA, or interferes with the coupling reaction, requiring additional 

SCA for higher strengths. At 4.0% moisture, the water present over¬ 

whelms the system and prevents adequate curing. 

The influence of wet aggregates on polymer concrete with cloth 

reinforcement was not investigated as the hydrophobicity of the resin 

binder would tend to trap the moisture present on the surface of the 

aggregate particles. It should be noted that silane coupling agents 

are commonly used in laminates to improve glass fiber-resin bonding, 

and to increase the retention of laminate properties during long term 

exposure to moisture tests (15). 
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Figure 6. Effect of Silane Coupling Agent 
in Resin Binder on Flexural 
Strength of Polymer Concrete 
made with Wet Aggregate 
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D. Specimen Depth 

As specimen depth is increased, its effect on the flexural 

strength of glass cloth reinforced and non-reinforced polyester polymer 

concrete was studied. Specimen beams 3/8 x 1% x 8, 3/4 x 3 x 18, and 

1 x 3 x 18 inches were cast by combining the polyester binder with 

fine cement sand. The larger specimen depths indicated that a larger 

aggregate size would be appropriate. Therefore, the fraction of cement 

sand that passed a 10 mesh (*0787 in.) sieve was used as the aggregate. 

To minimize the influence of moisture, the aggregate was oven dried. 

The specimen dimensions were chosen to minimize the influences 

of length and width on the flexural properties (ÀSTM D790). Unfortu¬ 

nately, the testing of larger specimen sizes was prevented by space 

limitations of the testing equipment. To allow direct comparison of 

the flexural strengths of reinforced samples, the volume ratio of 

polymer concrete material to the cloth reinforced, or laminate 

material, was held constant by adding layers of cloth in proportion 

to increases in the specimen depth. In this manner, the location of 

the neutral axis of the cross section of the composite beam relative 

to its thickness was always constant (35). Two, four and five layers 

of cloth were used for the 3/8, 3/4 and 1 inch respective depths of 

reinforced specimens. 

While the range of specimen depths tested limits the usefulness 

of the data, several interesting trends can be identified in Figure 7 

for the influence of specimen depth on flexural strength. In Figure 7, 

the use of 10 mesh sand resulted in a decrease of 13% and 10%, res¬ 

pectively, relative to the use of 40 mesh sand for the 3/8 inch 
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specimens with and without cloth reinforcement• These decreases were 

believed to be due to the effects of the larger maximum sizes of the 

10 mesh sand which increase the local stress concentrations in the 

material* 

As the specimen depth is increased, a slight downward trend in 

the flexural strength for both reinforced and non-reinforced samples 

is indicated. However, the limited range and variability of the data 

in Figure 7 illustrate the need for additional testing over a wider 

range of specimen depths. Nevertheless, the limited data in Figure 7 

does not indicate significant changes in the flexural strengths of re¬ 

inforced and non-reinforced polyester concrete as the depth is increased 

from 3/8 to 1 inch. 

When the beam depth of ordinary concrete is increased, the de¬ 

crease in flexural strength is much more pronounced. When the depth 

is doubled from 2 to 4 inches, the flexural strength is reduced by 

15 percent, from about 650 psi to 550 psi (23). While the "weakest 

link" theory is used to explain decreases in concrete strength proper¬ 

ties as specimen size increases, the much greater uniformity and lower 

porosity of polymer concrete relative to ordinary concrete apparently 

reduces the strength differences between the strongest and weakest 

bonding "links" in polymer concrete. The decrease in strength differ¬ 

ences would imply that decreases in flexural strength with increasing 

beam depths should be less pronounced for polymer concrete materials. 

Over the narrow range of depths tested, flexural strength reductions 

of less than 5 percent were observed for both reinforced and non- 

reinforced polymer concrete. For strength reductions that may occur 
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for larger beams than those studied, the much higher strength of 

reinforced polymer concrete greatly reduces the severity of any 

decrease relative to that for ordinary concrete. 



VI. CONCLUSIONS 

The important parameters that have been studied in this investi¬ 

gation are summarized here, followed by an evaluation of the potential 

of this composite material for quickly installed runway pavements, and 

other applications: 

1. The use of a rigid isophthalic unsaturated polyester resin 

results in good flexural strengths and processability. 

Vinyl ester resins behave in much the same fashion but 

with somewhat lower strength. From previous work, the 

addition of methyl methacrylate to increase the strength 

and modulus, reduce viscosity, and enhance the weatherability 

was attempted. The difficulty of preventing monomer losses 

for anticipated applications is an obstacle to its further 

development. 

2. Addition of diallyl phthalate improves the surface poly¬ 

merization of exposed surfaces, reducing the tack-free 

time required for these surfaces. Its use reduces the vis¬ 

cosity of the polyester resin, resulting in a workable 

mixture with less resin, without significantly affecting 

the strength properties. 

3. The amount of catalyst and promoter controls the rate and 

extent of ambient polymerization. The use of unpromoted 

polyesters is desirable to allow the greatest flexibility 

in adjusting the concentrations of catalyst and promoter 

41 
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for curing under a variety of conditions such as high tem¬ 

perature, low temperature, low or high cure exotherm, and 

cure time required. At a given promoter concentration, the 

amount of catalyst controls the rate of curing for the con¬ 

centrations studied. 

4. The use of several layers of cloth which absorb a small 

fraction of the resin binder, forms a thin laminate which 

flexurally reinforces the composite. The combination nearly 

doubles the flexural strength and increases the ductility 

relative to polymer concrete without reinforcement. The 

improved properties may allow use of lower quality aggre¬ 

gates while retaining sufficient strength. 

5. Aggregate properties significantly affect the resin loading 

and strength properties. The maximum particle sizes of 

the aggregates used directly influence the amount of resin 

required. Comparison between different aggregate systems 

required information on particle size distribution, particle 

shape and texture to explain differences in strength proper¬ 

ties. 

6. In general, fine fillers can be used to modify secondary 

properties such as abrasion and chemical resistance, surface 

appearance, and color, without affecting the strength proper¬ 

ties or resin requirements. Of the fillers studied, talc 

retained the greatest strength, produced an improved mixture 

consistency, and specimens with smooth surfaces which enhanced 

the appearance of the natural aggregate. 
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7. The flexural strength of polymer concrete made with wet 

aggregate can be improved by increasing the silane coupling 

agent concentration for moisture contents of up to 3 per¬ 

cent. At higher moisture contents, no improvement with 

silane coupling agent was found. The use of silane coupling 

agents with aggregates that are air dry is recommended. 

Other chemical additives, or resin systems which retain a 

much greater proportion of their dry aggregate strength 

would be desirable. 

From the results and information obtained to date, the strength 

of the polymer concrete composite for runway pavements appears to be 

sufficient. Based on a calculation of the Westergaard interior stresses, 

a pavement flexural strength of 1,500-2,000 psi would allow sections as 

thin as 4 or 5 inches to withstand cargo aircraft traffic (22). The 

effects of a hostile environment including temperature extremes, mois¬ 

ture, bad weather, surface terrain, and many other factors would need 

evaluation before attempting the installation of this composite as a 

runway material. However, it may be possible in certain geographical 

locations of interest, where favorable conditions exist, that this new 

concept of a quickly installed runway might prove to be worth further 

investigation. 

In an industrial process, the straightforward nature of manu¬ 

facturing this composite may lend itself to many potential applications, 

a few of which might be decorative and structural panels, feeding troughs, 

and chemically resistant tanks. In addition, the possibility of on-site 

production of the composite would be advantageous for other applications. 



VII. APPLICATIONS 

The much higher flexural strengths, shorter cure times, and 

durability make polymer concrete materials attractive for repair, or 

as part of the pavement itself. When several layers of glass cloth 

as a bottom layer or facing are combined with a polymer concrete mix¬ 

ture, the resin system saturating and bonding the cloth layers and 

aggregate together, the resulting marriage of these two different 

materials into a structural composite material has several advantages 

relative to polymer concrete alone: 

1. The placement of flexural reinforcement in critical 

areas to improve significantly the flexural strength and 

crack resistance. 

2. The increased flexural strength may allow use of lower 

quality aggregate which tends to reduce strength properties. 

3. The cloth layers might serve as a mold "container" and 

allow on-site placement of the polymer concrete mixture 

for slab, pavement, or other applications. 

The polymer concrete as a top or outer layer which constitutes 

the bulk of the composite is highly resistant to abrasive wear, acid, 

alkali and solvent attack relative to ordinary concrete (1). In addi¬ 

tion, glass reinforced laminates of glass cloth and polyester resin are 

routinely used for a wide variety of construction applications (15). 

These materials have very high strength-weight ratios, and are corrosion 

resistant to a wide variety of chemicals (11). The long term effect of 
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moisture is often of greater importance than that of chemical attack by 

most acids and alkalis. Properties such as the chemical, heat, flame 

and weathering resistance of this composite may be estimated from the 

large amount of quantitative data available in the literature for 

various polymer concretes and glass reinforced plastics. 

A promising application that is currently being evaluated is 

the use of desert sand aggregate to construct a rapidly-deployable, 

semi-prepared runway in areas such as the Middle East. Criteria are 

being formulated to assess the feasibility of this new concept and to 

compare it with other materials previously used for semi-prepared run¬ 

ways (3). Of course, many other applications, both structural and de¬ 

corative, may exist for this composite material. While the discussion 

that follows is necessarily qualitative, it is hoped that it might 

stimulate interest and additional research on reinforced polymer 

concretes. 

Based on the U.S. Air Force Rapid Runway Repair program design 

charts for crater repairs of concrete runways over weak subgrades, 

polymer concrete repair depths of 4-5 inches are adequate if flexural 

strengths are 1,500-2,000 psi (22). The critical locations of F-4 

and C-141 aircraft wheel gear loads on the repairs was used to develop 

these design charts. In addition, it was reported that a 4.5 inch 

polymer concrete repair was adequate over a clay subgrade with a Cali¬ 

fornia bearing ratio of 3, the flexural strength of the field sample 

being ^1300 psi after one hour of curing. A methyl methacrylate 

polymer concrete was used for these repairs, and a shrinkage of 0.3% 

with surface cracking was observed (12) . 
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Investigation of the large number of field tests for this methyl 

methacrylate polymer concrete, and its flexural strength, indicated 

that reinforcement of a polymer concrete with glass cloth might allow 

repair depths as thin as 2 to 3 inches. The primary reasons suggested 

for this included the much higher flexural strength of reinforced polymer 

concrete and its ability to undergo larger deformations relative to non- 

reinforced polymer concrete before failing. The last reason is very 

important as very thin pavement repairs over weak, non-uniform sub¬ 

grades may deform considerably under the wheel loading of heavy air¬ 

craft. Therefore, a logical extension, based on the above reasons, is 

to consider the use of a thin layer of flexurally reinforced polymer 

concrete as a quickly installed runway pavement for special situations. 

This polymer concrete composite may have the necessary properties 

to consider its use with on-site or nearby aggregate materials for cer¬ 

tain geographical locations. The intermittent nature of aircraft traffic 

on runway pavements would minimize the creep associated with long-term 

loading of polymer concrete (13, 16). The fatigue and creep are complex 

subjects for polymer concretes and glass reinforced plastics when each 

is considered, separately ; for the composite, the complexity would 

necessarily increase. The fatigue resistance of a methyl methacrylate 

polymer concrete based on dynamic loading of large slabs placed over 

neoprene rubber to simulate airfield conditions exhibited less crack¬ 

ing than ordinary concrete for the same loading (21). 

Just as climatic and environmental factors severely limit the 

number of satisfactory materials for runway repair in all conditions 

(4), the same factors would limit materials for runway construction. 

If the concept of a semi-prepared, quickly installed runway is considered, 
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the choice of materials is likewise severely restricted. The effects 

of a hostile environment including heat, humidity, fire, solvent re¬ 

sistance and aircraft traffic must be considered for this concept. 

Where favorable climatic conditions, acceptable aggregate such 

as dry beach sand or gravel beds, and suitable terrain co-exist, the 

concept of utilizing a polymer resin as the binder for a quickly in¬ 

stalled airfield pavement may have merit. Less restricted is the 

possible use of fiberglass reinforced polymer concrete as a prefabri¬ 

cated panel for this concept. The prefabricated panels could be made 

to interlock, and when damaged, repair by simply replacing damaged 

panels with new ones may be possible. In addition, the lower weight 

of these panels relative to previously used concrete and steel 

materials would be advantageous for transportation requirements. 



VIII • RECOMMENDATIONS FOR FUTURE WORK 

This investigation of a fiberglass cloth reinforced polymer 

concrete has shown that this composite material is very promising for 

a number of structural and decorative applications. The use of fiber¬ 

glass reinforced polymer concrete for decorative panels and as a 

sewage tank material has been mentioned. The apparent lack of sensi¬ 

tivity of the flexural strength to changes in depth relative to ordinary 

concrete, and the much higher strengths and allowable deformations, in¬ 

dicate that construction of structural panels of varying thicknesses 

may be considered. The higher cost of such panels may limit the appli¬ 

cations to those requiring resistance to moderately aggressive environ¬ 

ments. The possible application of the composite material as a quickly 

installed runway pavement has been noted. 

Future work needed to continue the investigation of reinforced 

polymer concrete for the applications mentioned, and other possible 

applications, includes the following: 

1. Large scale laboratory testing of time-dependent proper¬ 

ties, particularly fatigue behavior. 

2. Development or modification of stress analysis programs 

for predicting dynamic tensile stresses in the composite. 

3. Field testing of the composite as a runway pavement and 

as a structural panel material. 

4. Development of formulations that improve desirable 

properties such as high flexural strengths at low resin 
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contents, wet aggregate strength, low cure shrinkage, 

and rapid curing over a wide temperature range. 

The use of polyurethane resin systems and water-compatible epoxies, 

if rapid curing of these epoxies is possible, should be investigated 

as binder systems for the composite material. In addition, the use of 

woven rovings, or chopped strand mat, as cloth reinforcement for 

decorative panels needs further study. 
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