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ROBERT L. YOUNGS, Technologist

Forest Products Laboratory, ? Forest Service
U. S. Department of Agriculture

Summary 

This report presents the results of tension, compression, and bending
tests of 3 different parallel-laminated epoxy laminates reinforced with
143, 112, or 120 glass fabric. The data supplement those of Forest
Products Laboratory Reports 1820, 1820-A, and 1820-B of the same
title, in which results of tests of a number of polyester laminates and
of 2 epoxy laminates were given.

Tension tests were made after normal conditioning; compression and
bending tests were made after both normal and wet conditioning. The re-
sults are presented both in tables and as average curves.

Mechanical properties in tension, compression, and bending, and com-
puted shear-strength values of epoxy laminates tested in this study are
generally higher than those for similar polyester laminates studied
previously.

1
—This progress report is one of a series (ANC-17, Item 55-2) prepared

and distributed by the U. S. Forest Products Laboratory under U. S.
Navy, Bureau of Aeronautics No. NAer 01683 and U. S. Air Force
Contract No. DO 33(616)-56-9. Results here reported are prelimi-
nary and may be revised as additional data become available.

2
—Maintained at Madison, Wis. , in cooperation with the University of

Wisconsin.
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Introduction

This study was made to determine the mechanical properties of three
epoxy laminates in tension, compression, and bending. Parallel lam-
inates were made of 112, 120, and 143 glass fabric with Volan A finish.
The results may be compared with results of tests on polyester lam -
inates made with similar fabrics presented in the basic report, 3— and
with results of tests on other epoxy laminates presented in Supplement B
to the basic report.±

Epon 828, the resin used in these laminates, is an epoxy laminating
resin of the type required by Military Specification MIL-R-9300. It is a
commercially available resin that is used for low-pressure laminates.
The data may be considered typical of those to be expected from lam-
inates fabricated by a technique similar to that used for the laminates
investigated in this study.

Description of Material 

Two panels of 143 Volan A laminate and 1 panel each of 120 and 112 Volan
A laminate were fabricated at the Forest Products Laboratory to supply
the test material for the study. It was necessary to fabricate 2 panels of
143 Volan A laminate to provide sufficient void-free material for the
specimens required. The physical properties of these 2 panels were
well matched, as is shown in table 17. They may therefore be consid-
ered as essentially a single panel for the purposes of the study.

All panels were nominally 1/8 inch thick and 3 feet square. They were
parallel-laminated by wet lay-up procedures with Epon 828 epoxy resin
containing 14 percent by weight of Curing Agent CL.

The preparation of the laminates was somewhat different from the usual
wet lay-up procedures. Sheets of fabric were first cut and laid up with
the desired orientation. The assembly of fabric was then heated for 30

3
—Werren, Fred. Mechanical Properties of Plastic Laminates. Forest

Products Laboratory Report 1820, February 1951.
4—Werren, Fred. Supplement to Mechanical Properties of Plastic Lam-

inates. Forest Products Laboratory Report 1820-B, September 1955.
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minutes in an oven at 200° F. to dry the fabric and facilitate impregna-
tion with resin.

While the fabric was drying, the Epon 828 resin and Curing Agent CL
were prepared. The curing agent is a crystalline solid that melts at
149° F. It was melted and brought to a temperature of 150° F. , then
poured into and mixed with the resin, which had also been heated to
150° F. The mixture was thoroughly stirred for 3 or 4 minutes with a
motor -driven stirrer.

When stirring of the resin - curing agent mixture was complete, the
fabric was removed from the oven and positioned flatwise on a screen
over a vacuum box. The hot resin mixture was poured over the stack of
warm fabric, 'and was permitted to stand on the fabric for five minutes.
A light vacuum was then applied to the lower compartment of the vacuum
box to complete the impregnation and withdraw excess resin. Care was
taken not to remove all the resin from the top surface.

The impregnated stack of fabric, with the screen as a support, was re-
moved from the vacuum box. The assembly was inverted and placed in
the center of a large piece of 600 PT cellophane and the screen was re-
moved. The stack of fabric was covered with another sheet of cellophane,
and excess resin and air were worked out.

The completed assembly of fabric and cellophane was placed between
aluminum cauls and inserted into a hot press for curing. The temper-
ature of the press was 215° F. Contact pressure was maintained for 11
minutes, followed by a pressure of 25 pounds per square inch for 49
minutes.

General information on the laminates is given in table 17.

After about 2 weeks of conditioning in a room controlled at 73° F. and 50
percent relative humidity, panels were postcured for 1 hour in an oven
at 400° F.

Testing 

After the material had been postcured, tension, compression, and bend-
ing specimens were cut from the panels according to the cutting diagrams
shown in figure 56. Material for interlaminar shear specimens was also
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removed at this time, and was set aside for a later study of interlaminar
shear properties.

All specimens were conditioned for at least 2 weeks at 73° F. and 50
percent relative humidity after they were postcured. Normally condi-
tioned specimens were then tested. Wet tests were made after immer-
sion for 30 days in distilled water at 73° F.

Tension tests were made according to the procedures outlined in Report
No. 1820.2 Tension specimens were tested after normal conditioning
only. Compression and bending tests were made after both normal and
wet conditioning according to the procedures outlined in Report No.
1820-B.4

Presentation of Data

The results of tension, compression, and bending tests of the 3 types of
laminates are presented in tables 18, 19, and 20. These results are pre-
sented as average values, with each average accompanied by a within-
plot standard deviation value indicating the scatter of individual test
values around the average. The standard deviation values were calcu-
lated on the basis of the range of individual values contributing to each
average. The range may be calculated by multiplying the standard devi-
ation by 2.32, or, where only 4 values contribute to the average, by 2.06.

The values for properties of epoxy laminates tested while wet and dry
are compared in table 21. The data compared are from the present study
and from Supplement B.

Average stress-strain curves in tension and compression and average
load-deflection curves in bending are shown for each laminate in figures
57, 58, and 59. The relationship between tangent modulus and stress in
compression, which is based on the average curves of figures 57, 58,
and 59, is shown in figures 60, 61, and 62.

Discussion of Results

Test results on several polyester laminates, including laminates rein-
forced with 143, 112, and 120 glass fabric, are presented in the basic re-
port. 2. Several comparisons may be made between those data and data of
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the present study for epoxy laminates reinforced with similar fabrics.
Comparisons of properties of dry laminates may be made with reason-
able assurance that differences are primarily due to the different types
of resin used. Comparisons of properties of wet laminates, however,
are subject to several limitations. Properties of the wet laminates were
affected not only by difference in resin, but also by differences in condi-
tioning and in fabric finish.

In the basic study, properties of the wet laminates were determined on
specimens that had been conditioned for at least 2 months at 100° F. and
100 percent relative humidity. This is probably a more severe condition-
ing than the 30-day immersion in water at 73° F. used in the present
study.

Fabrics used as reinforcements for the polyester laminates of the basic
study had 114 finish, an older type of finish that does not produce lam-
inates with as good properties after wet exposure as does the Volan A
finish of the fabrics used in the present study. For this reason, the lam-
inates reported in the basic report would undoubtedly have shown lower
values when wet than those of the present study, even under identical wet
exposure conditions.

The relative reduction of mechanical properties by wet exposure in the 2
studies may be compared by observing the difference between wet-dry
ratios of properties of polyester and epoxy laminates, which are pre-
sented in tables 6 and 21. The ratios for all mechanical properties for
the epoxy laminates listed in table 21 are generally higher than compar-
able ratios for the polyester laminates reinforced with similar fabrics
given in table 6 of the basic report. This is especially noticeable for
values of maximum stress in compression and modulus of rupture in
bending, where values of table 6 fall, in the range of 50 to 80 percent,
while those of table 21 are, with one exception, 85 percent or higher.

Since so many of the values listed in table 21 are within 10 percent of the
100-percent ratio level, the individual values contributing to each ratio
were analyzed to determine whether there was a significant difference
between values for wet and dry laminates. This analysis was done by a
ranking method of statistical comparison, _5_ and the values in which a
significant difference was indicated are noted in table 21. The results of

5—Wilcoxon, Frank. Some Rapid Approximate Statistical Procedures.
American Cyanamid Co. , July 1949.
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these comparisons indicate that in most instances the difference between
values for wet and dry laminates is significant in modulus of elasticity
and maximum stress in compression and in modulus of rupture in bend-
ing. In only a few instances is significance indicated for wet-dry differ-
ences in proportional limit stress in compression or bending and for
modulus of elasticity in bending. The fact that proportional limit stress
values are subject to greater variability than are values for the other
properties probably was largely responsible for the relatively few in-
stances of significance for this property. The infrequent occurrence of
significant difference between values of modulus of elasticity in bending
probably reflects similarity of wet and dry laminates rather than great
variability, since the ratios for which no significant difference is indi-
cated were within 3 percent of the 100-percent level.

Tension

The average stress -strain curves for normally conditioned epoxy lam-
inates tested in tension (figs. 57, 58, and 59) have the same general
form as those for similar polyester laminates presented in the basic re-
port (figs. 10, 14, and 15). Initial and secondary moduli of elasticity in
tension are characteristic of all laminates tested in the present study
when loaded either parallel or perpendicular to the warp direction of the
fabric. A single modulus of elasticity is characteristic of 45° loading.

Initial moduli of elasticity in tension observed for epoxy laminates are
generally somewhat higher and secondary moduli the same as or slightly
lower than similar moduli observed for polyester laminates. The ratios
of secondary to initial moduli of elasticity in tension for the 112 and 120
epoxy laminates are thus lower than those for similar polyester lam-
inates. This is not the case for the 143 laminate, however, due to dif-
ferences in the stress-strain relationship, which will be discussed later.
The factor that causes the characteristic initial and secondary breaks in
the stress-strain relationship in tension is apparently accentuated in
epoxy laminates.

Values of maximum stress in tension for dry epoxy laminates are all
higher than comparable values for similar polyester laminates. These
values average about 15 percent higher for the 143 laminate, about 20
percent higher for the 112 laminate, and about 10 percent higher for the
120 laminate. These differences compare well with values for a 181
laminate made with Epon 828 reported in Supplement B to the basic re-
port, which showed a maximum tensile stress about 10 percent higher
than that for the 181 polyester laminate of the basic study.
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The principal difference in stress-strain relationships presented here
from those of the basic study is that observed for the 143 epoxy laminate
in the perpendicular-to-warp direction. The average stress-strain curve
for the 143 polyester laminate in figure 14 of the basic report shows a
short initial straight-line portion followed by a sharp break to a second
straight-line portion. The average stress-strain curve for the 143 epoxy
laminate in figure 57 shows an initial straight-line portion to a stress
level more than twice as high as that for the polyester laminate, followed
by a slightly less steep straight-line portion to nearly the same stress
level as the secondary proportional limit stress of the polyester laminate.
This second straight-line portion is followed by a sharp break to a por-
tion of the stress-strain curve characterized by a reverse curvature that
continues to the point at which failure occurs. The reverse curvature
may possibly be due to strain-hardening of the material at high levels of
strain.

Another difference in the general stress-strain relationship in tension is
that dual straight-line portions of the curve were observed in the parallel-
to-warp direction of the 143 epoxy laminate, as contrasted to the single
straight-line portion observed in the 143 polyester laminate. The slopes
of these two straight-line portions do not differ greatly. The secondary
modulus of elasticity is about 94 percent of the initial modulus.

Compression

The average stress-strain curves for normally conditioned epoxy lam-
inates tested in compression (figs. 57, 58, and 59) have the same general
form as those for similar polyester laminates presented in the basic re-
port. The average stress-strain relationships after water immersion
for 30 days are much different from previously reported values for wet
polyester laminates. Comparisons of properties of wet laminates, how-
ever, are subject to the previously discussed limitations regarding con-
ditioning and fabric finish.

With the exception of some values of proportional limit stress, all com-
pression properties of the dry epoxy laminates are higher than those for
similar dry polyester laminates. The differences in maximum compres-
sive stress between similar epoxy and polyester laminates are much
higher, percentagewise, than are the differences in either maximum ten-
sile stress or modulus of rupture.

Values of maximum compressive stress for the dry 143 epoxy laminate
average about 45 percent higher, those for the 112 laminate about 60
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percent higher, and those for the 120 laminate about 75 percent higher
than those for comparable polyester laminates. In each instance, the
percentage value for parallel-to-warp loading is slightly lower than that
for perpendicular -to -warp loading.

The curves showing the relationship between tangent modulus and stress
in compression (figs. 60, 61, and 62) are basically similar to those
shown for comparable polyester laminates in the basic report (figs. 28,
24, and 29), although a comparison will immediately indicate certain
differences. Comparisons of the curves for wet laminates are subject to
the limitations regarding fabric finish and method of conditioning that
have been discussed earlier in this report. The curves for dry epoxy
laminates are higher in all instances than those for dry polyester lam-
inates. The straight-line portion of the curves for epoxy laminates is
shorter in proportion to the total length of the curve, however, because
the proportional limit stress in compression for epoxy laminates is gen-
erally about the same as or slightly below that of comparable polyester
laminates, while the maximum stress for epoxy laminates is consider-
ably higher. The curves for epoxy laminates are similar to those for
polyester laminates up to the point on the curve corresponding to the
maximum stress of the comparable polyester laminates. Beyond this
point, there is a downward curvature to the point at which failure occurs,
which indicates a tendency for the average stress-strain curves for
epoxy laminates to change slope more rapidly as they approach the max-
imum stress.

As in tensile loading, the outstanding exception to the general similarity
in stress-strain relationships in compression is the curve for the dry 143
epoxy laminate loaded in the perpendicular-to-warp direction. The aver-
age stress-strain curve of figure 57 for this condition shows a lower pro-
portional limit stress and a greater amount of strain with increasing
stress above the proportional limit than does the comparable curve in
figure 14 of the basic report. This is reflected in the steep drop-off in
tangent modulus beyond the proportional limit stress in the curve of
figure 60.

Bending 

All bending properties of epoxy laminates investigated in this study are
higher than those for comparable polyester laminates (table 20). Mod-
ulus of elasticity and modulus of rupture of dry epoxy laminates are about
20 to 25 percent higher than those for comparable polyester laminates.
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1 	 1 	 cos
2 

4,	 sin 4)	 1
2

2	 . 2	 2	 2	 2	 2 (2)
Flap sin 4) cos 4) Fx sin 4 F a cos 4• Fp	 FaF

Comparisons of properties of wet laminates are subject to the previously
mentioned limitations of fabric finish and method of conditioning.

Shear

No panel shear tests were included in this study, but it is believed that
accurate shear values along the orthotropic axes can be calculated from
tensile data. 6— The maximum strength in tension at any angle to the
warp direction may be computed from

1	 cos 4 
4 sin

F2x	 F
2

F
2

a

c/a	 1	 1	 I	 2_	 sin 4) cos
2

F 2 F F
al3	 a f3

(1)

where F is the tensile strength at angle to warp, F a is the tensile
strength parallel to warp, FR is the tensile strength perpendicular to
warp, and FaP is the shear strength when forces are applied parallel and

perpendicular to warp.

Where F F , and F are known, FaP can be computed by transposingx a
equation (1) to the form

(
If the angle is taken as 45 degrees, as in the present study, equation
2) reduces to the form

1	 4	 1	 1	 1
2	 2 - 2 4.

FaP F45 Fa FR
 FaF P

6
—Freas, Alan, and Werren, Fred.. Supplement to Directional Properties

of Glass-Fabric-Base Plastic Laminate Panels of Sizes That Do Not
Buckle. Forest Products Laboratory Report No. 1803-B, 1955.

(3)
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Theoretical values of maximum shear strength, F R , 	 dry epoxy and
a

polyester laminates reinforced with 143, 112, 120, and 181 glass fabrics
were computed from this equation and the tensile data at 0° (the a. direc-
tion), 90° (the p direction), and 45° for dry material in table 18 of this
report, table 13 of Supplement B to the basic report, and table 2 of the
basic report. These shear-strength values are presented in table 22.
The computed shear-strength values for epoxy laminates are all higher
than the computed values for the corresponding polyester laminates. The
shear strength of the 181 laminate made with Epon 1001 is also consider-
ably higher than that for the 181 laminate made with Epon 828.

Theoretical shear-strength values presented here for polyester laminates
are all slightly lower than similar values presented in table 5 of the

.	
(I)	 4,

basic report. This is because the term ( 
sin

g
	cos 	) in equation (1)
FaFP

was not included in the basic equation used in computing the theoretical
values of table 5. Other analysis' and subsequent experience have indi-
cated that this extra term should be included.

Conclusions

1. The mechanical properties of 143, 112, and 120 epoxy. laminates are
generally higher than those of comparable polyester laminates. This is
especially true of maximum stress in compression.

2. Average stress -strain relationships for dry epoxy laminates are gen-
erally similar to those for comparable polyester laminates, but extend
to higher stress levels.

3. Mechanical properties of the 3 epoxy laminates tested in the present
study and the 2 epoxy laminates reported in Supplement B to the basic re-
port were reduced only slightly when the laminates were immersed in
water at 73° F. for 30 days. This reduction, though small, is statisti-
cally significant for most values of modulus of elasticity and maximum
stress in compression and modulus of rupture in bending.

—Norris, C. B. Strength of Orthotropic Materials Subjected to Combined
Stresses. Forest Products Laboratory Report 1816, 1950.
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4. All average stress -strain curves for the 3 normally conditioned
epoxy laminates tested in tension in the present study are characterized
by 2 straight-line portions, which correspond to initial and secondary
moduli of elasticity, under 0° and 90° loading. Ratios of secondary to
initial moduli of elasticity for the 112 and 120 laminates are lower than
those for comparable polyester laminates. A single modulus of elasticity
in tension is characteristic of 45° loading, as it was in the polyester lam-
inates previously tested.

5. Theoretical values of maximum shear strength for epoxy laminates
that were calculated from tensile data at 0°, 90°, and 45° to the warp
are higher than similar values calculated for comparable polyester lam-
inates. The theoretical value of maximum shear strength for the 181
laminate made with Epon 1001 is considerably higher than that for the 181
laminate made with Epon 828.
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Fabric	 : Panel : Number : Thickness : Resin : Specific : Barcol

	

No. :of plies:	 : content : gravity : hardness
:	 :	 of	 :	 :	 :

	

: fabric :	 :	 :	 :

PercentIn. : :

548 : 14 : 0.119 : 27.5 : 1.89 : 69
549 : 14 : .117 : 27.2 : 1.93 : 70

: : : :
55o : 46 : .119 : 36.4 : 1.74 : 7o

: 1 : : :

551 : 33 : .121 : 36.5 : 1.81 : 71
: : : :

143 Volan A :
:
:

112 Volan A :
:

120 Volan A :
:-

Table 17.--Awra e thickness resin content s cific 4I vit
of laminated panels and Barcol hardness
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Table 18.--Results of tension tests of laminated plastic specimens after 
normal conditioning. Each panel was parallel laminated with
E on 828-CL resin. Each value given is based on five specimens. 

Panel: Fabric : Angle :	 Modulus of	 Proportional :Maximum

	

No. :	 : of	 :	 elasticity	 limit stress : stress
:loading: 	

:	 Initial:Secondary:Initial:Secondary:

:Degrees:	 1,000 • 1,000 : P.s.i.: P s i	 : P.s.i. 

	

P.s.i. :	 P.s.i. 

	

'	 •

	

•	 :	 :	 .

548-9:143 Volan A:	 0	 :Av. 5,340 : 5,030 :37,900 : 71,600 :104,800
:81	 120 :	 82 : 3,830 : 9,420 : 2,670

:	 •

	90	 :Av. 2,300 : 2,000 : 5,670 : 8,280 : 12,600
	22 :	 36 :	 420 :	 420 :	 280

	

45	 :Av. 	  1,900 •	 • 3,970 : 15,700
:s	 57 	 	 240 :	 300

550 :112 Volan A: 	 0	 :Av. 3,230 : 2,370 :15,200 : 42,200 .-52,000
:s	 77 :	 86 : 1,030 : 1,720 : 1,410

	

: 90	 :Av. 3,010 : 2,200 :16,200 : 42,200 : 46,200
:S	 26 :	 26 : 1,450 : 3,530 :	 820

	45	 :Av. 	 • 1,660 : .... ...: 3,820 : 25,100
:S	 78 •	 •	 460 :	 340

	

:	 :	 •.	 •

551 :120 Volan A: 	 0	 :Av. 3,260 : 2,350 :17,900 : 49,800 : 52,200

	

43 :	 43 : 1,120 : 3,050 : 1,290

	

90	 :Av. 3,210 : 2,310 :17,600 : 50,100 : 50,700

	

56 :	 56 : 1,230 : 1,250 : 1,250

	

45	 :Av. 	  1,790 •	  3,750 : 26,400
:S	 67 	 	 480 :	 390

1
-Within-plot standard deviation based on range of plot.
2-Based on four specimens.
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Table 19.--Results of compression tests of laminated plastic specimens after
normal conditioning and immersion . for 30 days in water. Each 
panel was parallel laminated with Epon 828-CL resin. Each value 
given is based on five specimens.

Panel: Fabric : Angle :Condi-:Thick-: Modulus: Propor-:0.2 per-:Maximum :Increase
No. :: ness :: of	 :tionl	

of : tional :cent off-: stress : in
:loading:

:

:Degrees:
:

549 :143	 .	 0	 1	 D
: Volan A:
•	 :	 w
:	 :	 :

:	 90	 D

W
:	 .

550 :112	 :	 0	 D
: Volan A:
;	 :	 W
:	 :

:	 90	 D
:	 :

:	 W
:

:	 :	 :
551 :120	 :	 0	 :	 D

; Volan A:	 :
W

:

90	 :	 D

' :	 :
: W
:

•. elas- : limit :setyield: 	 :
:	 :	 ticity: stress : stress :	 •.

: In. :	 11 222 :•	 P.s.i.: P.s.i. : P.s.i. : Percent
:	 :	 P.s.i.: •

•

;	 .

:0.120 :Av. 5,620 : 34,100 : 73,900 : 73,900 ;• 	
:	 :S5	 117 : 17,750 : 3,400 : 3,400 	
: .120 : Av. 5,390 : 35,000 : 68,700 : 68,700 : 0.16
:	 :S	 176 • 6,400 : 3,700 • 3,700 • .013

:	 •	 :

: .119 :Av. 2,280: 7,530 : 19 ) 400 : 32,400 • 	

:S	 111 : 1,080 : 4,130 :	 400 •	
: .119 :Av. 2,130 : 9,020 : 22,900 : 30,900 : .19
.	 :6	 90 :	 680 :	 950. 1,160 : .013
. :	 ..	 .	 •

: .116 :Av. 3,280. 22,700 : 57,800 : 57,800 •	
. :S	 363 : 3,020 : 5,550 : 5,550 	
: .116 :Av. 3,230 : 25,300 : 51,200 : 51,200 : .26

:S	 103 : 3,660 : 2,240 : 2,240 ; .017
•

: .118 :Av. 3,190 : 19,100 : 54,600 : 54,600 :• 	

:S	 98 :	 780 : 1,600 : 1,600 •	
: .118 :Av. 3,030 : 24,800 : 49,700 : 49,700 : .27

:S	 22 : 2,240 : 1,550 : 1,550 : .013
.	 •	 :	 : 4	

'4
: .121 :Av. 3,460 :

4
-25,20i0 ;.-61,700 1-61,700 •	

:5	 43 : 2,470 : 1,260 : 1,260 	
: .120 :Av. 3,350 : 25,700 : 56,500 : 56,500 : .25
:	 :5	 43 : 1,460 : 1,980 : 1,980 : .022

: .123 :Av. 3,300 : 24,200 : 59,80o : 59,800 •	
:	 :6	 47 :	 2,220 :	 880 :	 880 •• 04

: .123 :Av. 3,110 : 24,800 : 50,700 : 50,700 . .25
:	 :S	 112 : 2,060: 4,210 : 4,210 : .017

weight

1D Dry, conditioned at 73° F. and 50 percent relative humidity.
W Wet, immersed in water at 73° F. for 30 days.

2 weight after immersion - weight before immersion 
Increase in weight . x 100Increas weight before immersion

Within-plot standard deviation based on range of plot.

-Based on four specimens.
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Table 20.--Results of bendi tests of laminated plastic s ecimens after
normal conditioning and immersion for 30 days in water. 
Each panel was parallel laminated with Epon 828-CL resin.
Each value given is based on five specimens. 

Panel: Fabric : Span :Condi-:Depth
No. :	 :direr- :	 1	 •

: tion tion- •
• •

	: 	 ticity

	

: In. :	 1,000 : P.s.i.: P.s.i.
P.s.i.

:
• 

•	

: 0.04
:	 .030

D : .119 :Av. 2,120

:Degrees:

	548-9:143	 o •
: Volan A:

	550 :112	 :	 0	 :
: Volan A:

• 90

	

551 :120
	

0
Volan A:

W

D

W

D

W

D

W

:	 :	 :	 :	 :
• •.	 .

D :0.120 :Av. 5,490
:	 :s2	 84

W : .120 :Av. 5,540
:	 :s	 67

•

:	 :s	 39 :	 46o :	 350 :	 590 •	

Modulus
of

elas-

: .. ..
:90,000 :118,300 :118,300
:10,320 :	 4,640 :	 4,640
:90,000 :110,000 :110,000
: 3,83o :	 1,720 :	 1,720

• •

:12,200 : 18,500 : 23,300

:Propor- : 0.2 per-
: tional : cent off-
:limit : set yield
:stress : stress

: Modulus :Increase
• of	 • in
: rupture : weight

: P.s.i.	 Percent 

• 90	 : D
:
: W
:

:	 .120 :Av. 2,070
:	 :s	 73
:	 •.

:13,200 :
:	 94o :
.	 •.

18,800
500

:
:
:

22,700 :
34o :

:
:	 .115 :Av. 3 1 300 :38,800 : 67,900 : 67,900 • 

:S	 61 : 4,180 : 2,110 : 2,110 •	
.116 :Av. 3,320 :31,400 : 63,10o : 63,100 :

:s	 34 :	 4,000.: 2,620 : 2,620 :
• •

•

:	 .116 :Av. 3,100 :32,000 : 61,000 : 61,000 • 
:	 :s	 39 : 1,420 : 1,120 : 1,120 	
:	 .116 :Av. 3,190 :29,600 : 591 300 : 59,300 :
•.	 :s	 86 : 3,700 : 600 : 600 :
:	 : . •. •. •
:	 .121 :Av. 3,410 :38,200 : 69,600 : 69,600 • 
:	 :s	 49 : 1,440 : 1,590 : 1,590 • 
:	 .122 :Av. 3,380 :36,300 : 66,100 : 66,100 :
:	 :s	 26 : 1,850 : 1,500 : 1,500 :
:	 : . •. : •
:	 .121 :Av. 3,300 :40,800 : 66,800 : 66,800 •	
:	 :S	 28 : 1,750 : 1,910 : 1,910 	
:	 .122 :Av. 3,250 :38,300 : 64,70o : 64,70o :
:	 :s	 47 : 2,710 : 2 1 060 : 2,060 :

.19

.086

.24

.099

.25

.064

.27

.125

.15

.060

-D = Dry, conditioned
W = Wet, immersed in

?Increase in weight =

Within-plot standard

at 73° F. and 50 percent relative humidity.
water at 73° F. for 30 days.

weight after immersion - weight before immersion x 100
weight before immersion

deviation based on range of plot.
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Table 22.--Theoretical values of maximum shear strength
for dry ekoxy and polyester laminates with
various fabric reinforcements. 

Fabric	 Theoretical maximum shear strength
•

Epoxy	 :. Polyester

P.s.i.	 :	 P.s.i. 
• •

143	 : 9,710 (Epon 828-CL) :	 8,890

112	 : 12,990 (Epon 828-CL) :	 10,630

120	 : 13,660 (Epon 828-CL) :	 12,080

181	 : 12,420 (Epon 828-D)	 •	 11,820
• •.	 .

181	 : 17,560 (Epon 1001)	 :	 11,820'
• •.	 .
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