
Polyester Concrete: Load Rate Variance 
LAWRENCE I. KNAB, U.S. Army Corps of Engineers 

The effect of the variance of load rate on the engineering prop
erties of a plain polyester concrete system was investigated. 
Both the tensile and compressive phases of the system were 
evaluated. In the tensile phase, the load rates ranged from 
slow static through the dynamic range; whereas in the com
pressive phase, the load rates varied from very slow static 
through very high static. Tests were condu.cted using one type 
of a polyester resin combined with a feasible gradation of a 
standard reproducible aggregate. Wherever possible, stan
dard ASTM tests for portland cement concrete were used with 
each load rate held constant throughout the testing time of each 
specimen. 

Ultimate stress, modulus of elasticity, and the strain at ulti
mate stress were the basic engineering properties considered. 
Significant variation of these three properties in both the tensile 
and compressive phases was obtained by varying the load rate. 
This investigation conclusively showed that the polyester con
crete system studied will withstand both slow and fast static 
loading conditions in both tension and compression. 

-CONCRETE can be defined as an artificial conglomerate rock consisting of aggregate 
and a binder. In portland cement concrete, the binder is a paste composed of cement 
and water. In synthetic concretes, a synthetic resin such as a polyester or epoxy con
stitutes the binder. The aggregate used in synthetic concrete is similar to that of port
land cement concrete. 

The innovation of synthetic concretes for civil engineer ing applications has created 
considerable interest. Synthetic concrete sys tems a.re being used for surfacing and/ or 
patching materials for concrete bridge decks, highways, and ail'field pavements. Pres
ently, the s tructural potential of the synthetic systems i s also being inves tigated. Syn
thetic concretes exhibit distinct advantages over standard portland cement concrete. 

1. Very high tensile, compressive and flexural strengths-two to three times that of 
standard portland cement concrete; 

2. Rapid rate of cure-many synthetic systems achieve near full strength in several 
days or less; 

3. Excellent impact and abrasion resistance; 
4. Very high resistance to freeze-thaw and general weathering action; 
5. Excellent chemical, solvent, water and salt spray resistance; and 
6. High-strength bonding characteristics with respect to most materials . 

There are also several disadvantages of synthetic systems: 

1. Some synthetic systems are limited to dry conditions; and 
2. High cost of the synthetic systems-four times, or more, that of portland cement 

concrete. 
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The synthetic resin used as a binder in this study is a polyester resin. Since the 
system's binder is an organic plastic, the effect of varying the load rate on the system's 
properties poses a significant question. 

TEST MATERIALS 

Due to the very high strength (22,000 to 24,000 psi unconfined compression) and ex
cellent reproducibility, trap rock was chosen for use as both coarse and fine aggregate. 

Table 1 gives the aggregate properties and gradations. The polyester resin chosen 
was a rigid, low viscosity, room temperature curing material. Table 2 gives the de
scription and properties of the resin as stated by the producer. The catalyst necessary 
for the reaction to occur was methyl ethyl ketone peroxide. The physical properties of 
the cured system for both aggregate gradations used are given in Table 3. 

MIXING PROCEDURE AND CURING 

The aggregate was surface dried, weighed in the proper proportions (fine/coarse 
aggregate ratio 1:1 by weight), and mixed thoroughly by hand or with a small mechanical 
mixer. The required amount of catalyzed resin was added to the mixed aggregate. 
Table 4 gives the aggregate gradations and the resin percentage for all tests performed. 
For approximately thirty minutes after adding the catalyst, the system's consistency 
resembled thick molasses. The system progressively thickened for an additional thirty 
minutes until gelling began. The components were thoroughly mixed and rodded (where 
applicable) into the test molds. The test molds were then vibrated externally to mini
mi~e air entrainment. The specimens were then placed in a 100 F curing room. 

TABLE 1 

AGGREGATE GRADATIONS, MIX l'ROPORTIONS AND PHYSICAL 
PROPERTIES OF NEW HAVEN CRUSHED T RAP ROCK 

(a) Aggregate Gradation 

Cumulative (<£retained by weight) 

U. S. Standard 
Sieve Size 

{,·In. 
y, Jn. 
'/,In. 
No. 4 
No. B 
No. 16 
No. 30 
No. 50 
No. 100 
No. 200 
Pan 

Coarse Aggregate 

3/,-In. Max. '/,-I!L Max. 

7.4 
72.6 
93.2 
99.5 

100.0 

87.0 

100. 0 

Fineness Modulus = 2. 94 

(b) Mix Proportions 

Fine Aggregate 
Screenings 

0.6 
22.6 
48.B 
64.2 
74.5 
83.7 
85.1 

100.0 

Sieve Size '/,-In. Max. Size Aggregate '/.-In. Max. Size Aggregate 
(~by total weight) (<(,by total weight) 

'/. In. 
'/,In. 
Screening 
Resin 

32.6 
10.4 
43 . 0 
14.0 

100.0 

31 ~ resin by total volume 
Catalyst-1( (wt. of Resin) 

(c) Physical Properties 

Unconfined compressive strength= 22,000 - 24,000 psi 
Specific gravity = 2. 93 

40.3 
40. 3 
19.4 

100.0 



Description : 

TABLE 2 

SELECTRON 5119 

Room Temperature Curing Polyester Re sin 

SELECTRON 5119 is a low viscosity, room temperature curing resin 
which performs well under varied conditions In many types of applications. It 
has been used successfully as a ~urface coating for wooden structures; It has 
been reinforced with fiber glass In many types of laminating applications; and 
it has been filled with mineral fillers and used for all kinds of applications from 
electrical potting to synthetic marble foor tile. 

Outstanding Characteristics Include: 

Gel time versatltllity to meet variations In size of parts and environmental 
temperatures. 

Low viscosity for rapid glass fiber wet-out. 

Rapid cure to a tack-free surface. 

Properties of Liquid SELECTRON 5119 at 77° F. 

Color 
Specific gravity 
Weight per gallon, lb 
Viscosity, Brookfield, cps 
Stability (in the dark) 
Monomer content (Styrene), <t 

Catalyst Recommendations : 

Typical Values 

Purple 
1.13 
9.4 
650 

>4 mos. 
35 

SELECTRON 5119 Is prepromoted, thus only the addition of methyl ethyl 
ketone peroxide catalyst is required before uae . 

Approximate Gel Time in Minutes 

<l.MEK 

~ 60 F 77 F 

0. 5 70 
1. 0 96 26 
1. 5 57 18 
2.0 40 12 
2. 5 27 

Typical Properties of Cured SELECTRON 5119 

Reinforcement 

Catalyst 

Cure 

Glass content, <t, 
Barco! hardness 
Flexural strength, psi 
Flexural modulus, x 10' psi 
Tensile strength, psi 
Tensile modulus, x 10' psi 
Elongation in tension, <( 
Compressive strength 
Izod Impact strength, ft. 1 b. /in. notch 
Waler absorption, 24 hr. immersion, ( 
Heat distortion, 264 psi, F. 

TABLE 3 

none 

1-C benzeyl 
peroxide 

1 hr at 170 F 
1 hr at 250 F 

none 
45-50 
14,800 
0.66 
8,500 
0.58 
1.49 
23 ,500 
0.32 
0.097 
142 

90 F 

48 
19 
12 
8 

Mat. Laminate 

3 plies 
2 oz mat 

2<tMEK 
peroxide 

72 hr at 
77 F 

32 
50-55 
28,200 
1.5 
22,000 
1.3 
1.5 
25,500 
7.4 

AVERAGE PHYSICAL PROPERTIES OF A PLAIN POLYESTER CONCRETE SYSTEM 

Type Specific Mass Seismic Thermal Coefficient Dynamic 

Density Velocity of Expansion Shrinkage Modulus, 
Mix Gravity (e)ugs/ft') (It/sec) (in./ln./° F) 

(total) Sonic 
(psi) 

3/,-in. max. 2.02 3.92 10700 0.89 x 10-• 1.14~ 2.89 x 10' 
size agg. 

'/.-in. max. 
size agg. 2.43 4.71 10880 3.87 x lo" 
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Type of Test 
and Range 

Tensile 
split, 
static 
(low, med, 
high) 

Tensile, 
dynamic 
impact 

Unconfined 
compression, 
static 
(low) 

Unconfined 
compression, 
static 
(very low) 

Unconfined 
compression 
(low, med.) 

Unconfined 
compression 
(high) 

TABLE 4 

OVERALL COMPARISON OF TENSION AND COMPRESSION: MATERIALS, MIXING, CURING, EQUIPMRNT, TECHNIQUE 

Dimensions of Agg. Gradation and Percent Strain Recording Mechanism Equipment Data Readout Equipment Load Application 
Test Specimen Resin (by total weight) 

6-in. dia. x 12- 3
/ 4-in. max. size agg. mix, SR -4 Type A-1 strain gage on Type 564 storage Baldwin 400,000-lb test-

in. high 14~ resin end of cylinder oscilloscope strain- ing machine 
cylinder load trace 

2-in. dia. x 3
/ 8 -in. max. size agg. mix, 2 Type EA-13-250BB-120 Tektronix 5 5 5 Dynamic impact loading 

35-in. long 19.4" resin strain gages placed on oscilloscope device using 0. 55-lb 
cylinder periphery of cylinders strain-time trace projectile 

6-in. dia. x 12- '/.-in. max. size agg. mix, Compressometer Wiedemann Baldwin 400,000-lb 
in. high 14" resin Model PC-6M strain-bad testing machine 
cylinder recorder 

assembled on 
Baldwin 

6-in. dia. x 12- 3
/ 4-in. max. size agg. mix, 3 vertical 1-in. B LH Hamilton Baldwin 400, 000-lb 

in. high 14'1: resin strain gages, Type strain gage testing machine 
cylinder FAH-100-12-SX readout boxes 

centered vertically 
and spaced at 120 deg 
around specimen 

6-in. dia. x 12- '/4 -in. max. size agg. mix, 3 vertical potentiom - Type 564 storage Baldwin 400,000-lb 
Ir .. high 14" resin eters spaced at 120 deg oscilloscope testing machine 
cylinder around specimen load-deformation 

trace 

6-in. dia. x 12- 3
/ 4 -in. max. size agg. mix, 3 vertical 1-in. strain Type 564 storage Baldwin 400,000-lb 

in, high 14~ resin gages spaced at 120 deg oscilloscope testing machine 
cylinder around specimen load-strain trace 

Cure (days) 

4 to 15 at 100 F 

44 

3atlOOF 

4-6 at 
100 F 

2Y, at 100 F + '/, 
at 70 F to 4 at 100 F 

6 to 15 

N 
N 
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Figure l. Tensile split specimen (6-in. diameter 
by 12-in. length cylinder) in Baldwin testing ma
chine just after failure. Horizonta I 1-in. strain 

Figure 2. Dynamic impact specimen (2-in. diameter 
by 35-in. length) in testing position. Tape on 
specimen covers strain gages. Projectile used is 

gage on specimen. indicated. 

The required setting (gelling) and curing time of the system is dependent on the 
amount of catalyst added and the temperature of the system. Both larger percentages 
of catalyst and higher temperatures accelerate gelling time. Higher temperatures also 
yield faster curing rates. Approximately 50 percent of the system's ultimate strength 
is developed in 6 to 8 hr at 70 F and 95 percent developed in about 3 days at 70 F. Table 
4 gives the conditions of cure for all specimens tested. 

TEST PROGRAM AND RESULTS 

Variance of Tensile Load Rate 

Static tensile load rates were conducted varying the load rate from 4000 lb/min (31-
min rise time) to 5,000,000 lb/min (2-sec rise time) on the Baldwin testing machine. 
Rise time is defined as the time required to load a specimen from zero to ultimate load. 
The tensile split test (ASTM C496) was performed by loading a 6- by 12-in. cylinder 
on its side, with a 1-in. Type A-1, SR-4 strain gage mounted in the center on one end of 
the cylinder to measure the tensile strain. Figure 1 shows a tensile split specimen in 
the testing machine just after failing. Data recording equipment for static tensile split 
tests consisted of a Tektronix, Type 564 storage oscilloscope which yielded load-strain 
plot. 

In the dynamic tensile range, an impact loading device was used producing rise times 
from 60 to 80 µ-sec. The dynamic impact test consisted of an induced, transient strain 
pulse which was built up suddenly under impact and confined within the specimen. The 

TABLE 5 

SUMMARY OF STATIC TENSILE PROPERTIES 
TENSILE SPLIT TEST 

Load Rate Rise Avg, Ultimate Avg. Dev. Avg. Init. Avg, Dev. Avg. Strain Avg. Dev. No. of Time a From Mean Modulus E From Mean From Mean (kips/min) (min) Stress 
Stress (psi x 10°) E at Ult. Stress Strain Specimens 

(psi) 
(psi) (psi x 106

) 
(l'-in./ln.) (l'-in./in.) Tested 

4 31.0 1150 97(8.4'.C)b 2.10 0,46(21.8:£)b 513 96(16. 7~)a 3 
46 2.7 1160 69(7.7'.C) 2.28 0.44(19.3'.C) 500 53(10,6'.t) 3 
95 1.3 1110 56(5.0~) 2.32 0.93(40'.t) 543 142(26.2~) 3 

190 0,70 1170 82(8.2\«) 2.51 0.43(17.1'.t) 417 56(13 ."4~} 3 
285 0.49 1150 141(12,2:£) 2.33 0,33(14.2'.C) 493 96(19.5~) 3 
400 0.38 1310 177(13.5'.C) 2,44 0.31(12. 7'.t) 560 80(14.3~) 3 
750 0.20 1350 168(12.4'.t) 2.84 0.66(23.2~) 507 1~9(20.3~} 3 

5000 0.033 1470 60(5.4'.t) 1.72 0.03(1. 7~) 685 70(10.2~) 4 

:rime required lo lood fJOrn zero lo ultimate lood. 
Avel'<l9'1 percent deviation from mean= (avg. dov. from meon)/(meon) x 100. 



TABLE 6 

DYNAMIC TENSILE PROPERTIES, DYNAMIC IMPACT TEST 

Spec- Rise Mase Seismic Critical Dev. From Fracture Dev. From Dynamic Dev. From Fracture Mean imen Time Density Velocity Strain Fracture Strains Stress Mean Modulus Mean 
No. (µ-sec) (slugs/ft") (ft/sec) (µ-in.fin.) (µ-in./ln.) (psi) (psi) (psi x 10°) (psi x 10°) 

I 60 4.33 9680 _a 3.90 1.01 
2 80 3.48 9350 1100 50 2320 520 2.11 0. 78 
3 80 3.88 9540 1250 200 3060 220 2.45 0.44 
4 3.86 9440 2.38 0.51 
5 80 3.92 9710 1100 50 2830 10 2.56 0.33 
6 60 3.94 10930 950 100 3100 260 3.28 0.39 
7 60 4.03 11260 800 250 2850 10 3.55 0.66 
8 4.31 9320 1000 50 2870 30 2.60 0.29 
g 80 3.49 11400 _b 3.15 0.26 

Avg. 1050" 117(11\t)d 2840C 175(6.2~)d 2.89(18°')d 0.52 

aSpecimen sustained 1200 u-in./in. strain with no fracture . 
bspecimen fractured at impact ond. 

cAverage of six only. 
dAverage percent deviation from mean (avg. dev. from mean)/(mean) x 100. 

transient strain pulse reflected off the free end of the specimen and caused a tensile 
spall failure. Specimens, 2-in. diameter by 35 in. long, were prepared and cured, and 
the fundamental frequency of the specimens was determined. One-quarter inch gage 
length strain gages, two per specimen, were mounted on each specimen. Figure 2 shows 
a view of the impact projectile and specimen in the testing position; Table 4 gives the 
details of each tensile test performed. 

In the static range, the results are summarized in Table 5. Graphs of ultimate 
stress, initial modulus of elasticity, and strain at ultimate stress, each versus load rate, 
are shown in Figures 3 through 5. The dynamic tensile results are given in Table 6. 
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Figure 3. Average ultimate tensile stress vs load rate. 
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Figure 8. Average compressive strain at ultimate stress vs load rate unconfined compression (6- X 12-
cylinder). 

Variance of Compressive Load Rate 

Static compressive load rates were conducted varying the load rate from 500 lb/min 
(600-min rise time) to 4,000,000 lb/min (6-sec rise time) on the Baldwin testing ma
chine. The standard, unconfined compression test (ASTM C470) was performed on 6-
by 12-in. cylinders. The cylinders were cured and capped with a standard sulfur com
pound. Data output for the static unconfined compression tests are given in Table 4. 

The static compressive test results are summarized in Table 7. Graphs of ultimate 
stress, initial modulus of elasticity, and strain at ultimate stress, each versus load 
rate, are shown in Figures 6 to 8. 

DISCUSSION 

Variance of Tensile Load Rate 

A library search was conducted to determine the most feasible method of obtaining 
the static tensile properties of the system under varying load rate. After careful con
sideration, the tensile split test (indirect tension test) was chosen because it is easy to 
perform, yields the most uniform values, and is closer to the true tensile strength than 
the flexure test. In general, the low to medium static tensile tests indicated little change 
in the three properties considered. The overall comparison of the static tensile tests 
did indicate increasing ultimate stress and strain at ultimate stress values with increas
ing load rate. A decrease in the initial modulus of elasticity was observed with the high 
static load rate. The high static load rate data were more consistent within the indi
vidual load rate group than both the low and medium static load rate data. The overall 
maximum percent variations for the static tensile properties were 25 percent for the 
ultimate stress, 40 percent for the initial modulus of elasticity, and 39 percent for the 
strain at ultimate stress (Table 5). (Overall maximum variation is defined as the dif
ference between the highest value (a) and the lowest value (b) of a particular property 
for an entire static load range: maximum percent variation = (a - bx 100)/a.) 

Since a dynamic impact loader. was available and sufficient data had been compiled 
using portland cement conc rete (%-in. maximum size aggregate) with the loader, it was 
decided to use the loader to obtain dynamic tensile data for the polyester concrete. 



TABLE 7 

SUMMARY OF STATIC COMPRESSIVE PROPERTIES WCONFINED COMPRESSION TEST 

Ultimate Stress Load Rate Rise Time 
Index (kips/mir.) (min) 

(0. 500 kips/min = 1) 

Average Ultimate Average Deviation Average Initial Average Deviation Average Strain Average Deviation 
Stress From Mean Stress Modulus ''E" From Mean ''E" at U1 timate Stress From Mean Strain 

(psi) (psi) (psi x 10•) (psi x 106
) (11-ln./ln.) (µ-in.fin.) 

1 0.5 620 10100 399(3.9,f 2.68 0.23(8.6'lf' 6260 400(6.4~f' 
1.01 8 36.0 10200 71(0.H) 2.87 0.08(2.8() 6860 270(3.9~) 
1.14 48 6.8 11500 210(1.8() 2.37 0.07(3.0() 7920 390(4.9~) 
1.15 85 3.9 11600 140(1.2() 1.66 0.16(9.6() 11000 980(8.8') 
1.22 167 2.1 12300 250(2.0() 1.41 0.00(0.0() 13750 1250(9.U) 
1.28 370 1.0 12900 140(1.1() 1.87 0.17(9. U) 10970 1640(15.0~) 
1.24 750 0.48 12500 530(4.2%) 1.89 0.10(5.H) 8750 0(0.0~) 

1.41 4000 0.10 14200 _c 3.10 0.10(3.2() 4400 300(6.8() 

cAverag~ per<:;enl deviation from mean = {avg. dev. from me.an )/{mean) x 100. 
brhre-e spocimam used from ultimate stress bvt only 2 recorded E, strain. 

cSpecime-r1s faiJed at or near limit of test ing machine. 
dseven spoci111ens used for ultimate stress but only 4 recorded E, strain. 

TABLE 8 

TENSILE VARIATION OF LOAD RATE OVERALL COMPARISON OF STATIC AND DYNAMIC PROPERTIES 

No. of 
Specimens 

Tested 

3 
s 
3 
3 
2 
3 

3-ult. 
stress 

2-E, strainb 

7-ult. 
stress 

4-E, straind 

illtimate Stress Ultimate Stress Initial Modulus 
Initial Modulus Deviation Strain at IDtimate Stress Strain at Ultimate Stress 

Type Test Rise Time Avg. Values Deviation From of Elasticity 
From Mean, Avg. Avg. Values Deviation From 

(min) (psi) Mean, Avg. A"lf. Values 
(psi ~ 10°) (µ-in./ln. ) Mean, Avg. 

(psi) (ps.1 x 10') (µ-ln./ln.) 

Static: 
Low 31.0 1150 97(8.4,,.. 2.10 0. 46(21. B~)'l 513 96(18. 7")3. 

Static: 2. 7 1110 (5() 2.28 (12.7~) 417 (10.6~) 
Medium to 1350 (13.5~) 2.84 (40. 0~) 560 (29.3~) 

0.20 

Static: 
High 0.033 1470 80(5.4() 1. 72 0.03(1.H) 685 70(10.2'!) 

Dynamic: 1 x io-• Dynamic 
to 2840 175(6.2() modulus 0.52(18';' 1050 117(11~) 

1.33 x 10-• '/.-in. max. (0.6~f 
agg. 

2.89 
('I• -in. max. 

agg. b 
3.87) 

~Av•rcigo percenr doviatlon from meon ~ (ovg. dev. frcim mecn )/~eon) ~ 100. 
Thei l/4 - in. max. ogg. specimom (6- x 12 .. in. cyl.) were not t~tcd in dynamic: imFCJCI . 

cThe 0 .. 6 perc&nt indicort~ the ovetogo percent dtrviot ion for the fvndomontcl ff'equency of the 6- x 12-in. cylinder. 

N 
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The results of the dynamic tensile impact test indicated, with reasonable certainty, 
values of approximately twice the ultimate stress and strain at ultimate stress of the 
static tensile figures. The average percent deviation from the mean for both the dy.: 
namic and static tensile tests were of the same magnitude (Table 8), illustrating the 
significant scatter of data in the tensile phase of the system. (The average deviation 
from the mean was obtained by summing the absolute values of the differen!!es between 
the individual test values and the average for that particular load rate group and then 
dividing by the number of specimens tested. The average percent deviation from the 
mean equals the average deviation from the mean divided by the mean, the quantity 
times 100.) 

Inasmuch as eight specimens were tested at the one dynamic load, the dynamic data 
may be considered as more conclusive than data for any of the individual static load 
rate groups, which had only three of four specimens per group. 

When comparing the overall static and dynamic tensile properties, several pertinent 
variances were observed. Increasing load rate caused increasing ultimate stress and 
strain values. As anticipated, the dynamic modulus (sonic value) %-in. maximum size 
aggregate was larger than any of the static initial moduli. 

In this comparison, it should be realized that for portland cement concrete, the tensile 
split strength is about 1.3 to 1.5 times the true axial tensile strength. It should also 
be noted that the dynamic impact test is not monotonic, i.e., uniformly increasing load 
rate until failure. The test consists of a transient pulse which is built up suddenly un
der impact and is confined within the specimen until failure occurs. Since the impact 
specimen's test section (length where fracture can occur) is relatively short compared 
to the total specimen length, the dynamic strength values will probably be greater than 
the true dynamic values. Thus, the longer is the test section, the more likely there 
will be a material flaw, and hence, failure will occur. Another consideration in com
paring the static to the dynamic results is that two different mixes were used. It is felt 
that the %-in. maximum size aggregate mix used in the dynamic tests was stronger than 
the %-in. mix used in the static tests. With the larger aggregate, there was less homo
geneity, allowing greater chance for stress concentration around the larger aggregate. 

With the preceding discussion in mind, the dynamic impact ultimate stresses and 
strains are probably closer to a 3:1 ratio than to the true axial static values. Table 8 
summarizes the static and dynamic tensile properties. 

Variance of Compressive Load Rate 

The standard static unconfined compression test (6- by 12-in. cylinder) was chosen 
since it was easy to perform and widely accepted. In general, the properties of the 
compressive phase were significantly affected by variance of load rate; the most evident 
being that increasing load rate meant increasing ultimate stress. Little deviation from 
the mean was noticed within each individual load rate group (Table 7). 

The comprarison of the very low static load rate of 500 lb/min with the low static 
rate of 8000 lb/min showed little variation in properties. Overall increasing load rate 
caused a significant increase in ultimate stress. In general, higher initial moduli were 
associated with lower ultimate strain, with the low and high load rates showing the larger 
initial moduli. As the load rate was increased, the values of the static initial moduli 
approached the value of the dynamic (sonic) modulus. 

The overall maximum percent variation for the static compressive properties was 
29 percent for the ultimate stress, 55 percent for the initial modulus of elasticity and 
68 percent for the strain at ultimate stress. 

Comparison of Tensile and Compressive Properties 

Comparing the overall maximum percent variation of the static properties revealed 
greater variation in compression than in tension. 

1. Ultimate stress-the tensile variation was slightly less than the compressive 
variation; 
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TABLE 9 

OVERALL COMPARISON OF TENSILE AND COMPRESSIVE PROPERTIES 

Rise Time mt. Stress Strain at Initial Mod. of 
Type Teet Phase (min) Avg. Values mt. Stress Elasticity x 10° 

(psi) (u-ln. / ln. J (psi) 

Static, 
tensile 
split-low 31.0 1150 513 2.10 

Static, 2.7 :.1110 2417 :.2.28 
tensile to 
split-medium 0.20 <1350 <560 <2.84 

Static, 
tensile 
split-high 0.033 1470 685 1. 72 

Dynamic 1 x io-• '/,-In. max. size agg. -2. 89 
impact test to 2840 1050 

1.33 x 10-• '/,-In. max. size agg. -3. 87 

Static unconfined 600 to "'10100 ~6260 2.68 
compression-low 2 36.0 <=10200 .:6860 2.87 

Static unconfined 6.8 to 0>11500 27920 ;,,l.41 
compression-medium 2 0.48 <12500 <13750 <2.37 

Static unconfined 
compression-high 0.10 14200 4400 3. 10 

2. Initial modulus-the tensile variation was approximately three-fourths the com
pressive variation; and 

3. Strain at ultimate stress-the tensile variation was slightly greater than one-half 
the compressive variation. 

The system had a significantly larger scatter of data in tension (within each individual 
load rate group) than in compression. The average percent deviation from the mean 
figures for tension and compression in Tables 7 and 8 indicates that the tensile scatter 
is larger. The dynamic tensile scatter approximates the static tensile scatter (Table 8 ), 
thus supporting the higher scatter of data of the system in tension . Hence, the argument 
that the larger scatter of tensile data was due to test difference (tensile split versus un
confined compression) is probably not valid. 

In both tension and compression, increasing load rate indicated higher ultimate 
strengths in about the same proportions. The static ultimate compressive strength 
values were about 9 to 10.5 times the static tensile split ultimate strength values, using 
comparable load rates (Table 9). It should be noted, however, that for standard portland 
cement concrete the tensile split values are about 1.3 to 1.5 times the true axial values. 
Hence the ultimate static compressive strengths are about 12.5 to 14.5 times the true, 
static, axial, ultimate tensile strengths. 

CONCLUSIONS 

1. Variance of load rate significantly affected the three engineering properties in 
both tension and compression. 

2. Increasing load rate indicated increasing strength of the system in both tension 
and compression. 

3. The system's properties within individual load rate groups were not as consistent 
in tension as in compression. 

4. The overall maximum percent variation for the three individual static properties 
considered was greater in compression than in tension. 

5. Increasing load rate indicated higher ultimate tensile strains. 
6. Little change of the properties was observed in the low to medium static tensile 

range. 
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7. Low static compressive strengths were approximately 10, 000 psi with no decrease 
in ultimate strength or strain when changing the rate of loading from 8000 lb/ min to 500 
lb/min. 

These conclusions indicate the feasibility of the polyester concrete system in appli
cations requiring a very high tensile and compressive strength, quick setting and curing 
time, and excellent freeze-thaw weathering and chemical resistance. The system will 
withstand both slow and fast static loading conditions in tension and compression. 

RECOMMENDATIONS 

1. The polyester concrete system exhibited compressive strengths of at least 10, 000 
psi. This strength indicates the potential of the system for use as a high-strength struc
tural concrete. Many structural concrete applications require a resistance to slow per
manent deformation under constant long-term static loading (creep). It is therefore 
recommended that this system be evaluated with respect to creep. The system could be 
statically loaded in compression to some percentage of its ultimate load capacity and 
the deformation of the system observed with time. 

2. Although the tensile split test values do serve as an indication of the flexural 
strength of the system, it is felt that the effect of load rate variance on the flexural prop
erties of the system should be investigated. 

3. If the system is to be subjected to repeated loading, the effect of cyclic loading 
should be investigated. 

4. The high-strength bonding characteristics of the system indicate excellent com
patibility with both conventional and fibrous reinforcement. The characteristics of such 
composite systems, including effect of load rate variance, should be investigated. 

5. Optimization of the desired properties of the plain or composite systems should 
be investigated. These should include: type of binder; aggregate type, shape, and gra
dation; binder-aggregate ratio; and reduction of rigidity mismatch between aggregate 
and binder slurry. 
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