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Summary 

Stress-rupture tests of a glass-fabric-base plastic laminate made with
a typical polyester-type resin show that the maximum tensile stress
that can be sustained for a period of 300 hours is, for an unnotched
laminate, about 60 percent of the unnotched static tensile strength, and
for a notched laminate, about 55 percent of the notched static tensile
strength. Notching reduces the level of stress that can be sustained
for this period to 46 percent of the static tensile strength of the unnotched
laminate, a reduction of about 20 percent.

Introduction

The U. S. Forest Products Laboratory, in cooperation with the Air Force-
Navy-Civil Subcommittee on Aircraft Design Criteria, undertook this
investigation to obtain some stress-rupture data on a typical polyester-
type laminate so that more basic knowledge of mechanical properties of
glass-fabric-base laminates might be available for efficient design and
construction of structural components in aircraft. This investigation was

!This progress report is one of a series prepared and distributed by the
Forest Products Laboratory under the U. S. Navy Bureau of Aerora.u-
tics Order No. NAer 01388 and U. S. Air Force No. USAF 33038)-5i
4326E. Results here reported are preliminary and may be revised as
additional data become available.

Maintained—Maintained at Madison, Wis. , in cooperation with the University of
Wisconsin.
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undertaken to determine the periods during which the laminate could
sustain constant tensile stress at various levels. The tensile stresses
were applied to a single type of glass-fabric-base laminate that con-
formed to the minimum requirements of USAF Specification No. 12051
for laminates and No. 12049 for resins, even though its ultimate com-
pressive strength was higher than is considered typical. A stress-
rupture curve was obtained up to 300 hours , duration for this laminate
from both notched and unnotched specimens, loaded axially in tension
at a temperature of 75° F. and a relative humidity of 50 percent.

Description  of Laminate 

The typical polyester-type laminate used in this investigation consisted
of 23 plies of glass fabric, number 181-114, parallel-laminated with a
polyester laminating resin (resin 2) of the alkyd-styrene type. The resin
was catalyzed by 1. 6 percent by weight of a mixture of tricresyl phosphate
and benzoyl peroxide (each 50 percent by weight of the mixture) contain-
ing 3. 3 percent active oxygen. The lay-up of the 1/4- by 36-inch-square
panel was made between cellophane-covered glass plates. Immediately
after impregnation and lay-up, the panel was cured at a pressure of 13
pounds per square inch for 2 hours in a hot press at a temperature
gradually increasing from 220° to 250° F.

Test coupons were tested to determine the static tension and compression
properties in conjunction with the Forest Products Laboratory investiga-
tion of fatigue properties of this laminate. 3 The resin content, as well as
the Barcol hardness values, of this laminate was also determined. The
results showed that this laminate had properties that met the minimum
requirements of USAF Specification No. 12051 for laminates and No.
12049 for resins.

Test specimens to determine the stress-rupture characteristics were
cut at random from the panel. These specimens were 1-1/2 inches wide
by 6 inches long by about 1/4 inch thick with a net section of about 1/4 inch
thick by 1/2 inch wide between arcs of 4-inch radius (fig. 1). This speci-
men, without an elongated net section where strains are normally meas-
ured for creep-rupture data, was considered satisfactory for determining
only strength-time data. Comparative static tests on coupons 16 inches
long having radii of 20 inches to the net section had shown that the average
stress at failure in the net section was 1. 03 to 1.13 times that at the net
section of the specimen with a 4-inch radius. 3'

3—Boller„ K. H. Fatigue Tests of Glass-fabric-base Laminates Subjected

to Axial Loading. Forest Products Laboratory Report No. 1823. May
1952.
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About half of the test specimens had a notch in the net section in the
form of a circular hold at the center of the specimen. The hole was
1/8 inch in diameter with its axis perpendicular to the laminations.
The theoretical stress at the edge of this centrally located notch was
computed to be about 3-1/2 times the average stress_ Comparative
tension tests of notched specimens, however, have shown that the
average stress at failure is between 72 and 80 percent of that result-
ing from tests of coupons having 20-inch radii leading to the net
section. 3

All of the specimens were cut from the panel with a carborundum saw
and were finished to the desired curvature with an emery wheel that
was mounted on a vertical spindle shaper. The circular hole in these
notched specimens was drilled slowly and carefully with a steel drill
without further polishing. The finished specimens were conditioned
and tested in a room maintained at 75 0	and 50 percent relative

humidity.

Test Procedure

The stress-rupture specimens were fastened in tension grips as shown
in figure 2. The tensile force was applied through a lever system by
means of weights (W) shown in figure 3. The mechanical advantage of
this apparatus as determined by calibration was found to be 31. 85 to 10
The load on the specimen was applied as follows: (1) The weights on
the strap at the end of the lever arm were supported by the jack (3);
(2) the specimen was fastened to the apparatus by the grips (G); (3) the
turnbuckle (T) was tightened to take up the slack in the linkages; and
(4) the valve in the hydraulic, jack was opened a small amount to release
the support, thereby causing the specimen to support the weights through
the lever system. The time required to transfer the load from the jack
to the specimen was about 15 seconds. When the specimen failed, the
lever arm dropped to the electric switch (E), which stopped the electric
clock at the moment of failure.

Results

The results of these stress-rupture tests are shown in table 1 and
figure 4. In table 1 the strength values obtained by test in a testing
Machine are presented, as well as the Strength values obtained in the
dead-load tests together with their respective rupture times. Values are
presented for both the notched and the unnotched series. In figure .4
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these same data are presented on semi-log coordinates, and constant
stress on the uniform scale of the Y axis and the duration of that
constant stress on the log scale of the X axis. The duration of stress
was measured from about 2 minutes to 300 hours. Values of stress
for the unnotched specimens ranged from 35, 400 to 26, 000 pounds per
square inch, or from about 80 to 60 percent of the average control
value. The values of stress for the notched specimens range from
31, 000 to 20, 090 pounds per square inch, or from about 81 to 53
percent of their average control value.

On figure 4 straight lines have been drawn approximating the test
points. There is considerably less scatter of the data for the notched
specimens than for the unnotched ones. In spite of the scatter of data
for the unnotched specimens, the straight lines, however, are approxi-
mately parallel. From these lines, the stress that will produce rupture
in 10 or 100 hours may be picked for comparison with data on other
laminates. The stresseiLin the unnotched laminate are 30, 500 and
27, 500 pounds per square inch at 10 and 100 hours, respectively, and
the corresponding stresses in the notched laminate are 24,700 and
21, 700 pounds per square inch. This change in stress-level of 3, 000
pounds per square inch for a change of 90 hours is in agreement with
a stress-level change of 2, 900 pounds per square inch, from 40, 700
to 37, 800 pounds per square inch, on a similar unnotched laminate
previously reported. ± It may be noted that the stress at 10 hours for
the laminate previously reported is about 10, 000 pounds per square inch
greater than that for the laminate in this investigation, even though they
are supposed to be identical. It is believed that this difference in
strength is due to differences in lots of fabric, resins, or methods of
fabrication. On figure 5 the stress-rupture data, presented as percent-
ages, show:, the same trends as those shown on figure 4. It is evident
that the difference between the two sets of data is considerably reduced
when the stress-rupture data are presented as percentages of the static
strength. At periods as long as 300 hours, the unnotched laminate can
sustain only about 60 percent of the static tensile strength, and the
notched laminate only about 55 percent. The effect of stress concentra-
tion is indicated by the difference between the stress levels for the
unnotched and notched specimens at various periods. While the percent-
age varies somewhat, since the stress difference is approximately
constant, the stress levels for the notched specimens are about 80
percent of those for the unnotched specimens.

Simmons, W. F. and Cross, H. C. Elevated Temperature Properties
of Glass-fabric-base Plastic Laminates. Air Force Technical Report
No. 6172. April 1951.
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This investigation was made on the same material and with the same
specimen types as was an earlier investigation of fatigue character-
istics.! The fatigue tests of Forest Products Laboratory Report No.
1823 involved various alternating stresses imposed on various mean
stresses. There is, therefore, a possibility that the fatigue and stress-
rupture characteristics are related.

Figures 6 and 7 represent an attempt to correlate the two sets of data.
In order to plot the stress-rupture and fatigue data on the same ordi,-
nates, the number of cycles to failure for each of the specimens was
converted to the time required to impose that number of cycles. The
maximum tensile stress imposed in the fatigue stress is plotted as the
ordinate.

In spite of the fact that this maximum stress is imposed, in the fatigue
tests, for only a fraction of the total test time, the fatigue curves are,
in each instance, below the stress-rupture curves. This indicates that,
while stress-rupture effects may affect fatigue characteristics, there
is an additional effect resulting from the stress variation.

The two sets of curves (stress-rupture and fatigue) appear to converge.
This might be interpreted as the similarity of the two effects as the
magnitude of the alternating stress imposed on some mean stress in
the fatigue test approaches zero. The data, however, do not cover a
sufficient range to verify this assumption.

Conclusions

For the laminate tested, the constant tensile stress that can be sus-
tained varies approximately linearly with the logarithm of the period
during which it can be sustained.

A stress riser of the type tested causes a reduction of about 20 percent
in the stress that can be sustained for any given period.

A comparison of fatigue data with the stress-rupture data indicates a

possible relationship providing more data were available.
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Table 1. --Tensile stress-rupture data for a 
plastic laminate -- resin No. 2 and
181-114 glass fabric -- at 75° F. 
and 60 percent relative humidity 

Specimen	 Stress level	 : Rupture time
No.

Lb. per sq. in.	 Hr.

Unnotched

1

	

1	 140, 800
1

	

2	 140, 500

	

3	 144, 600
	4 	 1—47, 200

5 1—46, 600

1Av 	 	 143, 940

	

6	 35, 000	 :	 21 - 1. 5

	

7	 35, 400	 2. 00

	

8	 33, 000	 :	 . 40

	

9	 31, 000	 :	 -4 - Z1

	

10	 31, 200	 :	 3. 25

	

11	 29, 900	 :	 36. 63

	

12	 28, 500	 :	 63. 66

	

13	 30, 550	 :	 9. 75

	

14	 28, 200	 :	 33. 66

	

15	 27, 450	 :	 87. 90

	

16	 26, 700	 :	 19. 25

	

17	 26, 000	 :	 271.90

Notched

1	 138, 500
12	 —37,500
13	 —38, 600
14	 —39, 900

5	 136, 000

1Av	 	 —38, 10.0

(Sheet 1 of 2)
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Table 1. --Tensile stress-rupture data for a 
plastic laminate -- resin No. 2 and

1.1431.a.ss fabric — at 75° F. 
and 50 percent relative humidity
(continued)

Specimen	 Stress level	 e Rupture time
No.

Lb. per sq. in. :	 Hr.

	

6	 27, 000	 f:	 1. 35

	

7	 24, 000	 :	 24. 50

	

8	 22, 000	 °.	 88. 20

	

9	 25, 000	 e2—6 - 12

	

10	 i:	 31, 000	 :	 0. 03

	

11	 25, 610	 :	 7. 25

	

12	 :	 22, 610	 :	 23. 25

	

13	 ,1	 20, 090	 :	 263. 66

-Tested in a machine with rate of head movement
of 0. 15 inch per minute.

-Stop-clock mechanism failed.

(Sheet 2 of 2)
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Figure 2.--Grips used to fasten stress-rupture
specimen in dead-load apparatus.
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Figure 3.--Dead-load apparatus for stress-rupture tests.
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