
APPLICATION Of PROT TEST METHOD TO

STRESS-RUPTURE CURVES OF GLASS-

REINFORCED PLASTIC LAMINATES

September 1958

No. 2118
INFORMATION REVIEWED

AND REAFFIRMED
1965

FOREST PRODUCTS LABORATORY

MADISON 5. WISCONSIN

UNITED STATES DEPARTMENT OF AGRICULTURE

FOREST SERVICE

Cooperation with the University of Wisconsin



APPLICATION OF PROT TEST METHOD TO STRESS-RUPTURE

1
CURVES OF GLASS-REINFORCED PLASTIC LAMINATES

By

K. H. BOLLER, Engineer

Forest Products Laboratory, 2— Forest Service
U. S. Department of Agriculture

A method using progressively increasing loads was used to determine fail-
ing stresses in tension and shear of five types of glass-reinforced plastic
laminates in both the wet and the dry condition. Specimens were tested at
several rates of increasing loads to failure. The failing loads and their re-
spective rates were analyzed to estimate the load that might be held indefi-
nitely -- that is, the estimated endurance limit. This estimated load value
agrees generally with that of the steady load sustained for at least 10,000
hours by conventional methods. This indicates that the Prot method of test,
which can be made in about 240 hours, is a substantial time saver and is a
promising method of estimating the stress-rupture endurance limit.

Introduction

The conventional method to evaluate the stress-rupture and creep character-
istics of a material consists of determining the stress-duration and strain-
time characteristics of a successive number of specimens, each of which is
subjected to a different stress level. This method of test, sometimes called
the Wohler method, takes considerable time to evaluate the endurance
limit, or stress level that the material will endure for a specified number
of hours. For some materials that are used in structures, the endurance
limit is measured in years; for other materials used in expendable struc-
tures, the endurance limit or stress-rupture strength is measured in hours.
1
—This report covers work done under Bureau of Ships Contract Nos. Bu-

Ships/1700S-578 Order 9/4/56 (Amend. No. 2, 9/13/57) and BuShips
1700S-597-58, 11/6/57.

?Maintained   at Madison, Wis. , in cooperation with the University of Wis-
consin.
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The Wohler method of obtaining the lowest stress level at which no failure
will occur consists of making a series of successive approximations of that
stress level and, by a time-consuming method, observing the duration of
those stress levels. E. Marcel Prot (8)1 in 1948 proposed methods to speed
up the fatigue testing of materials. His proposals were as follows: (1) In-
crease speed (number of cycles per second), (2) change temperatures and
energies, (3) increase number of machines or number of specimens in a
given machine, and (4) progressively increase the load until failure occurs.

All of the proposals except the latter were discarded and experimental work
on progressive loading was carried out. Prot's progressive loading method
consists of submitting specimens to a reversed stress (fatigue testing), the
amplitude of which increases regularly with time. Then, according to his
theory, the failing stress, S R, was a function of the endurance limit, E, and
the rate of increase in amplitude. This is based on the assumption that the
fatigue S-N curve, when plotted on Cartesian coordinates, becomes an ap-
proximate hyperbola (fig. 1), which is asympototic to the vertical axis and
to the endurance limit. The equation that Prot derived,

S R = E + Ka1/2

where K is a constant and a is a rate of increase in stress, is a straight

line of SR VSa
1/2 values. If that line is projected to zero rate, E is the

estimated endurance limit at zero rate. Hence, with finite rates establish-
ing failing stresses S R, an estimate of the endurance limit may be deter-

mined in a short period of time. Even though his paper on progressive load-
ing was written for fatigue testing of metals with a cantilever beam, a foot-
note to his title pointed out that the progressive loading was intended to be
applicable to other materials, other types of fatigue tests, and other testing
machines.

C. J. Guare and L. S. Lazar (5) also recognized the extended applicability
of this method. They point out that it should apply whether the stress is
chemical, electrical, or mechanical in nature and whenever the failure-
point curve has an equation that is known.

Some degree of success has been obtained in correlating the endurance limit
obtained by this Prot method with that obtained by the Wohler method in the
testing of wood, plastics, and metals in fatigue (3, 4, 6, 7, 9, 10), but there

has been no previous attempt to apply this method to the stress-rupture char-
acteristics of glass-reinforced plastics. The stress-rupture test is a

3
—Underlined numbers in parentheses refer to literature cited at end of this

report.
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strength-endurance test similar to fatigue testing, and the principles that
apply to the fatigue test may also apply to the stress-rupture test.

Test Procedure and Results

A comparison of the Prot and Wohler methods was proposed for plastics,
since stress-rupture and creep-rupture characteristics of some glass-
reinforced plastic laminates are currently being investigated by the Forest
Products Laboratory, in cooperation with the Navy Bureau of Ships,for dura-
tions of stress measured in years. This investigation of failing stresses
obtained by the Prot method was conducted in conjunction with this Bureau
of Ships project. The Laboratory investigation was made to compare the
estimated endurance limits obtained by the Prot method with the endurance
limits obtained by the Wohler method.

The stress-rupture curves that are currently being investigated by the
Wohler method include tension, flexure, and Johnson shear tests, both wet
and dry, at 73° F. for seven typical glass-reinforced plastic laminates. For
the Prot investigation, the five laminates on which the most data are avail-
able were chosen for evaluation in tension and shear, both wet and dry.

Materials

The laminates used in this Prot investigation consisted of the polyester
resin with four types of glass reinforcements and an epoxy resin with one
type of reinforcement. These laminates are listed in table 1 along with their
physical properties.

Sample specimens that had been originally allocated to the long-term loading
program and that were, of course, matched to the specimens used in that
program, were used in this Prot investigation. The tensile specimens con-
formed to the shape described in Federal Specification L-P-406b, Method
1011, Type II for Plastics. The shear specimens conformed to the shape
described in Federal Specification L-P-406b, Method 1041, for rectangular
specimens (Johnson double shear).

Method of Test

The technique used to obtain the stress-rupture and creep-rupture charac-
teristics by the Wohler method was presented in detail previously (1, 2).
Figures 2 through 4 show the tensile and shear apparatus used to obtain that
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data. The Wohler method, as previously pointed out, consists of subjecting
a successive number of specimens to different stress levels to determine
the time that a stress level can be maintained. By this method, that stress
level is theoretically applied instantaneously, but without shock, so that the
loading time is a negligible portion of the duration of the load.

The Prot method of test, however, consists of progressively increasing the
load or stress until failure occurs. If it is true that a material may sustain
stresses indefinitely when those stresses are below the endurance limit, or
that the stress history below the endurance limit does not affect the endur-
ance limit, then in order to save time with this Prot method, the progres-
sively increasing loads should begin at the endurance limit. This, of course,
is impossible because the endurance limit is unknown. Hence, a beginning
stress that is below the endurance limit and above zero can only be chosen
arbitrarily and from experience. For the materials presented in this report,
about 40 or 50 percent of the static ultimate strength was chosen as the be-
ginning stress.

The specimens were tested in the type of creep machine used in the Wohler
tests. However, instead of applying a constant given load, several rates of
progressively increasing loads were applied. Rates were chosen so that the
duration of the slowest test would not exceed 7 days and the fastest test would

take about 6 minutes. The span of rates for these conditions is from about
300 pounds per minute to 0.01 pound per minute. The fastest rate was ob-
tained in a universal-type test machine; all the other rates were obtained by
metering shot into a bucket on the lever arm of the creep machine. Figures
5 and 6 show the test setup for the Prot test method.

The shot-metering device (fig. 6) consisted of a hopper (A) that held the
lead shot (each about 1/10-inch diameter) in reserve, a gate (B) at the base

of the reservoir for coarsely metering the shot, a revolving disk (C) that
meters the shot accurately to a discharge port (D), a hose (E) that delivers
the shot to the bucket on the lever arm of the creep machine, a motor gear
reducer (F) that turns the metering disk, and a stiff brush (G) that screens
excess shot and allows only the shot within each hole of the disk to pass
through the exhaust port.

Several variables may be incorporated into this design of shot metering,
such as speed of the metering disk, thickness and diameter of the disk, and
number and diameter of the holes within the disk. The combination that
proved most satisfactory for this experiment was a motor and gear reducer
that had a constant speed and disks that had constant thickness and diameter;
however, several disks were used that had multiple holes of the same di-
ameter. For example, hole sizes were 1/8, 1/4, and 3/4 inch in diameter.
Various rates were obtained by using one 1/8-inch hole, eight 1/8-inch holes,
one 1/4-inch hole, four 1/4-inch holes, or four 3/4-inch holes.
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Two specimens of each material at each condition were tested at each of
these rates. First, an initial load was applied and the time noted; then the
shot were metered steadily into the loading bucket. When failure occurred,
the lever arm of the creep machine actuated an electric switch that stopped
both a clock and the motor driving the disk, hence, the flow of shot stopped.
The total flow of shot was weighed and, from it and the total time of flow,
the overall rate was computed. The failing load is, of course, the initial
load plus the added weight of shot.

Method of Estimating Endurance Limit 

In Prot's original fatigue analysis, he assumed the equation of the fatigue
(Wohler) curve delineating failure to be:

(S - E) =

where S is the stress on the specimen, E is the endurance limit stress, N
equals the number of cycles, and K' is a constant.

The failing stresses, by the Prot method, are represented by:

S = So + aN

where So equals initial stress on the specimen and a is stress increase per
cycle.

These assumptions and relations lead to the equation:

SR = E + Ka
1/2

where SR equals stress at fracture and K is a constant.

Subsequent appraisals (3, 4, 9) and applications of this analysis in fatigue
have shown that, for some materials and for various rates of loading, a
more generalized form of the equation delineating the Wohler curve leads to
an equation similar to the Prot equation; the main exception is for al /2,
which is replaced by an. The exponential value of n depends on material
variables. The modified Prot equation that was tried in this stress-rupture
analysis is:

o- = E + kan

where a- is the failing stress, E is the estimated endurance limit applied to
the stress-rupture test, a is the rate of progressively increasing stress, n
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is the exponent, and k is a constant. The values of a- and a were observed
as part of the experiment. With several observed values of o- and a, E and
n may be computed. The rates in this investigation were chosen so that they
would span three logarithmic decrements. In this way, exact values of a
were chosen on a smooth average curve so that

a2 = (a l ai)
1/

Then values of n can be approximated by picking three values of stress and
substituting in this equation:

0- 3 - o-2
log 	

Cr 2 -

log
az

 —
al

With this approximate value of n, all of the observed values of a- were plotted
at their respective values of an on Cartesian coordinates. Since there were

-7-
several specimens in each series of tests, a line representing the average
data was redrawn through the plotted points to intersect the ordinate at zero
stress rate. This intersection is the Prot estimated endurance limit.

The stress-rupture characteristics that are obtained by the Wohler method
are usually shown on semilog coordinates, with the stress as logarithmic
abscissa. The stress-rupture curve decreases with increasing time to a
period and stress where the stress becomes constant with time. Data cur-
rently available, however, show that up to 10,000 hours the plastic materials
show this characteristic decline. Data beyond 10,000 hours and to 30,000
hours do not definitely establish that the stress may be constant with time.
At least on log plot, the decrease in stress from 10,000 to 30,000 hours will
be small. Since no well-defined break in the stress-rupture curve has been
established in 4 years, a duration of 10,000 hours was arbitrarily chosen
as the time at which a stress would have to be sustained, for comparison
with the Prot estimated endurance limit. Hence, the stress observed on
the Wohler stress-rupture curve at 10,000 hours' duration is called the
Wohler endurance limit for comparison purposes.

Presentation of Data

Table 1 presents the quality, physical properties, and fabricating data for
the materials used in this investigation. Additional data on tensile, flexural,
and shear tests are available in the Wohler stress-rupture investigation (1,
2). A part of that additional data is shown in table 2 on results of the Prot

n-
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method of test in tensile-stress-rupture experiments in the dry condition,
to show the effect of age on the material in storage in the unstressed condi-
tion. In general, dry storage does not affect the quality, but wet storage
can be detrimental.

Tables 2 and 3 present the results of tensile testing by the Prot method.
These tables list the initial stresses, stress rate applied, the final stress,
and the Prot estimated endurance limit along with the constants k and n in
the modified Prot equation.

Tables 4 and 5 present similar results of shear testing.

These data by the Prot method have been plotted on figures 7 through 26, to
show the agreement and degree of scatter of Prot test points. Figures 27
through 30 are presented to show the stress-rupture data and its scatter ob-
tained by the Wohler method.

A summary of the values of estimated endurance limit by the two methods is
shown in table 6.

Discussion of Results

The results of tests in this investigation on five glass-reinforced plastic
laminates, on two mechanical tests, and at two environmental conditions
show that the estimated endurance limits observed by these two widely dif-
ferent methods of test are in good agreement (table 6). The estimated en-
durance limits by the Prot method are sometimes higher and sometimes
lower than that observed at 10,000 hours' duration by the Wohler method.
The average difference between all values by Prot and Wohler methods is
only 6 percent. That is, the Prot values are 6 percent greater than the
Wohler. The shear values show the greatest deviation, which may be due
to the nature of the test. Observations during the shear test indicated that
glass fiber became wedged between shear plates and needed additional loads
for ultimate failure.

It is therefore apparent that the Prot method of test, as it was applied here,
can be used with a fair degree of accuracy to estimate the stress-rupture
endurance limit of glass-reinforced plastic laminates in tension and shear
in both wet and dry tests. The Prot method of test, which can be conducted
on 1 material at 1 condition within 1 week, compared with 4 years by the
Wohler method, is a substantial time saver and hence is a good, quick esti-
mate of long-term strength characteristics.
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The results of these tests also show that the assumptions relative to initial
stress, span of load rates, and modified equation were correct. Although
there was no specific investigation of the effect of various initial stresses
on the failing load, the arbitrary choice of initial load at 40 to 50 percent of
ultimate strength appears to be satisfactory, since the estimated endurance
limits are in such good agreement. As a matter of fact, in a couple cases
the initial load was actually above the estimated endurance limit. This, of
course, is contrary to good practice and is not recommended. The span of
load rates also appeared to be satisfactory since they produced a fair degree
of difference between the highest and lowest failing stresses at their respec-
tive fastest and slowest load rates. It was noted, however, that the fastest
rate of loading, that obtained by the universal-type test machine, gave fail-
ing stress values consistently below the average predicted by the modified
Prot equation. This was shown in dry tensile and shear tests. Low values
of failing stress at the fastest rate influence the slope and intercept of the
stress-stress rate plot, so that tests of wet tensile and shear specimens at
the fastest rate were discontinued. Without this fast rate, tests then showed
that a range of five rates with a shot machine was sufficient to estimate the
endurance limit.

The modified Prot equation, a. = E + kan, with the fractional exponent n in-
stead of 1/2, appears to represent the data from the wide range of rates used
in this investigation. Apparently, a wide range of load rates is necessary in
stress-rupture investigations, and so the more general equation of the hyper-
bola is necessary. The data show that the average value of n is about 1/6.
The use of such an average value may be helpful in expediting future plots
of data from the Prot method.

The results of this investigation have shown that the Prot principle, which
was first applied to fatigue, is apparently applicable to stress rupture, a
different type of fatigue. It was applicable to different materials and differ-
ent mechanical tests. Its applicability may also be extended to other environ-
ments and test conditions. More tests, however, must be conducted and com-
pared with service records before it can be adopted as design criteria.

Furthermore, an important factor that limits the usefulness of this method
of test to estimate the endurance limit is that, in the short period required
to make the Prot test, the full extent of deterioration in its environment can-
not take place. Estimates of the extent of that deterioration would have to be
made. The agreement between values by the two methods also hinges on the
arbitrary choice of an apparent endurance limit by the Wohler method; there-
fore, another limitation is its dependence on the existence of a true endurance
limit.
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The work in this investigation has shown good agreement for the assumptions.
If a true endurance limit exists at longer durations, then the Prot value is
still an estimate, and it is possible that a still slower rate would have to be
used to obtain a closer estimate.

Conclusion

From the comparison of test data obtained in this and a previous investiga-
tion, the results show that an estimate of the stress level that will be sus-
tained for at least 10,000 hours can be made by a series of tests in which the
failing load is obtained by progressively increasing loads.

The investigation of an endurance limit for a total of 20 conditions, with six
loading rates and two replications at each loading rate, showed that Prot's
estimated endurance limit is an average of only 6 percent above that observed
at 10,000 hours by the conventional method. In spite of the assumptions and
limitations of the Prot method, this investigation shows that it can be used to
estimate endurance strength at 10,000 hours for glass-reinforced materials,
and hence will prove useful to quickly compare materials.
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Table 2.--Results of Prot method of teat in tension (dry) in stress-rupture experiments (73° F. and 50 percent 
relative humidity)

•. 	 •. 	 •

Material	 •.	 Quality tests	 : Wohler :	 Prot test
	 . tensile: 	

	

: Age : Tensile strength :strength: Initial : Stress : Final	 :Estimated: Constants
:	 at	 : stress :	 rate	 : stress :endurance: 	

.	
: 10,000 :	 : per hour :	 .	 k : n
: hours:	 :.	 .

: Years :	 : 1,000 : 1,000 : 1,000 • 1,000	 : 1,000	 •• 1,000 • 1 000 ••  •  	 • 

: P.s.i. : P.e.i.: P.s.i. : P.s.i.	 : P.e.i.	 : P.s.i. : P.s.i.:
:	 .	 .	 •. 	 . 	 . 	 . 	 •

Polyester resin plus 181 : 	 0	 : Average : 40.30 : 26.0 : 	 0.0	 : 470.0	 : 39.90	 :	 27.5 : 3.02 : 0.116
fabric	 : High	 : 43.50 :.0	 : 468.0	 : 37.5o	 :	 •.	 •

: Low	 : 37.10 :	 • 20.0	 :	 46.4o : 40.00	 :	 :
1	 : Average : 39.40 :	 : 20.0	 :	 44.40 : 37.95	 :	 ••

: High	 : 42.20 :	 : 20.0	 :	 15.270 : 36.40	 :	 :
Low	 : 34.70 :	 : 20.0	 :	 15.50 : 41.25	 :	 •

2	 : Average : 42.13 :	 : 20.0	 :	 4.005 : 36.78	 :
: High	 : 42.60 :	 : 20.0	 :	 4.040 : 38.00	 :
: Low	 : 41.70 :	 : 20.0	 :	 1.793: 36.8o	 :	 :

3	 : Average : 43.75 :	 : 20.0	 :	 1.803 : 36.10	 :
: High	 : 45.30 :	 : 20.0	 :	 .642 : 32.89	 :
: Low	 : 41.78 :	 : 20.0	 :	 .728 : 34.50	 :	 •
.	 .	 .	 .	 .	 .	 .	 :

Polyester resin plus mat : 	 0	 : Average :	 8.50 :	 5.3 :	 .o	 : 624.0	 : 11.03	 :	 6.6	 :	 .41 : .176
: High	 :	 9.41 :.0	 : 615.0	 :	 9.02
: Low	 :	 7.23 •	 :	 5.5	 :	 55.2o :	 9.00	 :

:	 1	 : Average : 11.27 •	 :	 5.5	 :	 65.8o : 12.48	 :

High	 : 13.44 :	 :	 5.5	 :	 18.2o :	 9.22	 :
: Low	 :	 9.70 :	 :	 5.5	 :	 19.0	 :	 9.48	 :

2	 : Average :	 7.83 :	 :	 5.5	 :	 4.940 :	 7.50	 :
: High	 :	 8.74 :	 :	 5.5	 :	 5.o	 :	 8.38	 :

: Low	 :	 7.04 •	 :	 5.5	 :	 2.20 •	 7.85	 :

.	 .	 :	 5.5	 :	 2.240 :	 9.54	 :

•.	 •.	 :	 :	 5.5	 :	 .75o :	 8.35	 :

•.	 •.	 •.	 :	 5.5	 :	 .75o :	 7.41	 :

•.	 •. 	 •. 	 . 	 , 	 .

Polyester resin plus No. :	 0	 : Average : 32.93 : 20.8 :	 .0	 : 478.0	 : 35.95	 :	 20.0 : 4.44 : .111
1000 fabric	 : High	 : 36.03 :	 .	 .0	 : 480.0	 : 34.88	 :

: Low	 : 30.10 :	 : 16.0	 :	 44.4o : 32.3o	 :

1	 : Average : 34.28 :	 : 16.0	 :	 46.70 • 37.90	 :	 •
: High	 : 35.40 :	 : 16.0	 :	 14.430 : 34.50	 :
: Low	 : 32.33 :	 : 16.0	 :	 15.950 : 34.45

!	
.	 •• : 16.0	 :	 3.845 : 32.45

:	 •• : 16.o	 :	 3.8o : 31.31	 •

•.	 •• : 16.0	 :	 1.728 : 29.10
•. 	 •• : 16.0	 :	 1.718 : 28.20

•.	 •• : 16.0	 :	 .611 : 29.18	 :

•.	 •.	 : 16.o	 :	 .608 : 29.00	 :

•.	 •. 	 . 	 . 	 . 	 .

Polyester resin plus 	 0	 : Average : 25.40 : 18.0 :	 .0	 : 480.0	 : 27.72	 :	 16.0 : 3.20: .133
woven roving	 : High	 : 27.90 :	 .	 .0	 : 490.0	 : 34.30	 :	 :

: Low	 : 21.5012 .0
1	 : Average : 23.38 :	

: 12.0	 :	 45.4o : 32.40	 •:
: 12.0	 :	 43.0	 : 28.60	 :

High	 : 25.22 :	 : 12.0	 :	 15.210 : 30.70 •

: Low	 : 19.94 :	 : 12.0	 :	 14.780 : 24.40
.	 : 12.0	 :	 2.120 : 21.60	 :

:	 • : 12.0	 :	 3.870 : 25.40
•. 	 •. 	 : 12.0	 :	 I.790 : 23.35	 :

•.	 •. 	 : 12.0	 :	 1.830 : 27.10	 :
•. 	 •. 	 : 12.0	 :	 .585 : 25.70	 •
•. 	 •. 	 : 12.0	 :	 .622 : 24.85	 :

:	 •. 	 •. 	 : 12.0	 :	 1.850 : 25.90	 :

•.	 •. 	 •. 	 : 12.0	 :	 3.620 : 21.70
• •	 •. 	 . 	 . 	 . 	 . 	 :

Epoxy resin plus 181	 !	 0	 : Average : 54.10 : 37.5 :	 .0	 : 474.10 : 46.72	 :	 32.5 ! 1.91 : .176
fabric	 : High	 : 59.20 :	 .0	 : 476.10 : 46.95	 :

• Low	 : 50,10 :	 : 27.0	 :	 45.80 : 46.50	 1
!	 1	 : Average : 51.97 :	 : 27.0	 :	 45.60 : 47.30

: High	 : 53.70 :	 : 27.0	 :	 14.970 : 44.95
Low	 : 49.70 :	

::"7/. 	 1131.64g : ii= ;!	 2	 : Average : 49.95 :	 .

: High	 : 51.22 :	 ; 27.0	 :	 4.090 : 40.40	 :
Low	 : 48.90:: 27.0	 :	 1.614 : 40.70

.	 : 27.0	 :	 1.983 • 37.43	 ••
•. 	 •. 	 : 27.0	 :	 .687 : 38.6o	 :

: 27.0	 :	 .663 : 37.80	 :
.	 .	 .	 .
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Table 3.--Results of Prot method of test in tension (wet) in stress-rupture ex-
priments (73° F. in water) 

Material: WohlerProt test
	  tensile

	

: Initial : Stress : Final :	 Constants	 :Estimated: test
:endurance: strengthstress : rate : stress :-- 	

.	 :per hour:	 .	 k	 •.	 n	 :at 10,000
•.	 :	 •.	 : hours

a4222 	 1,000 :▪ 1,000 : li222 	 1,000 	 1,000
P.s.i. : P.s.i.: P.s.i. : P.s.i. :	

- • -
: P.s.i. : P.s.i.

Polyester resin plus:	 17.0 : 35.90 :• 36.5 : 3.90 :▪ 0.135 : 20.0	 :	 15.5
181 fabric	 .	 : 37.80 : 36.2 :	 .	 .	 •

	

16.15 : 32.9 :	 •.	 •

	

: 17.00 : 35.3 :	 •.	 :	 •

	

5.00 : 31.8 :	 •.	 -.	 •

	

5.00 : 33.4 :	 •

	

1.e4 : 32.5 :	 •.	 •

	

1.79 : 32.9 :	 •• ••

	.192: 27.8 :	 •.	 :
• .197: 27.6

Polyester resin plus:	 5.0 : 43.10 :▪ 	 9.75 :▪ 	 .21 : .255 :	 6.5	 : -5.3
mat	 •.	 : 33.40 : 11.71 :

•.	 : 16.80 :	 6.69 :

	

18.30 :	 6.83 :	 :	 •
•• 6.16:	 8.14 :	 :	 ••
:	 2.35 :	 7.94
.	 2.40 :	 7.56 :	 •.	 •.	 •

	.245:	 7.72 :

	

.245:	 7.40 :	 :

	

.	 .
Polyester resin plus:	 15.0 : 35.50 : 30.30 : 5.30 ! .125 : 10.0	 :	 12.0

No. 1000 fabric	 :	 : 36.80 : 30.40 :
.	 : 15.15 : 26.90 :	 •
•.	 : 16.35 : 30.10 :	 :	 •

	

26.50 :	 •.	 •

•.	 4.66 : 26.60 :
•.	 •	 1.71 : 24.20 :	 :	 :
•.	 1.73 : 24.60 :	 •.	 :

	

.183: 19.4 :	 •
•.	 .184: 19.2 :	 •

	

.	 .	 :
Polyester resin plus:	 11.0 : 38.10 : 28.60 : 2.15 ! .192 : 10.0	 :	 11.0

woven roving	 .	 : 37.60 : 23.80 :

	

13.90 : 24.95 :	 •.	 :
	15.80 : 22.10 :	 •.	 •.	 .

	4.70 : 20.95 :	 •	 •.	 .

	

4.88: 19.60 :	 •.	 •

• :	 1.76 : 19.70 :	 •	 •	 •.	 .	 .
	1.77 : 21.00 :	 •	 •

•
.	 .

	

.188: 15.75 :	 •.

	

.	 .
Epoxy resin plus 181:	 25.0 : 34.80 : 44.30 : 6.30 ! .120 : 22.5	 !	 25.0

fabric	 : 38.10 : 45.50 :
16.00 : 41.10 :

• : 16.20 : 36.90 :	 •	 •.	 .
• :	 4.15 : 39.50 :	 •	 •.	 .

	

4.30 : 39.70 :	 :	 •
.	 1.76 : 39.00 :	 •.	 :	 •

•.	 1.75: 39.00 :	 •.	 •

•.	 .186: 34.70 :	 •.	 •

	

.183: 33.80 :	 •.	 •

•

!Dry stress -- wet data not available.
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Table 4.--Results of Prot method of test in Johnson double shear (dry) in stress-rupture 
experiments (75'' F. and 50 nercent relative humidity).

Material Prot test : Mohler
stress

	

Initial : Stress Final :	 Constants
stress : rate : stress

:per hour:	 :	 k	 :	 n

• 1 000- 1 000 - 1,000 • 1,000
• 

P.s.i. 1 F.e.i.: P.s.i. I P.5,1.!
•

	Polyester resin plus:	 0.0	 : 281.2 : 17.58 :	 1.50 f 0.150

181 fabric	 :	 .0	 : 280.9 : 15.20 :

	

8.0	 7 13.6 : 14.27 :

	

8.0	 • 12.6 : 15.07 :

	

2	 8.0	 :	 3.91	 15.03

	

8.0	 3.94 : 15.26 :

	

8.0	 :	 1.05. 15.92 :

	

8.0	 :	 1.02	 14.10 :

	

8.0	 .455: 14.47 :	 •

	

8.0	 .450: 13.17 :

	

2	 8.0	 :	 .055: 12.18 :

	

8.o	 :	 .055: 12.72 :	 •
•

	

Polyester resin plus:	 .0	 397.2 : 10.77 : 1.175
mat	 :	 .0	 383.5	 13.06 :

	

6.0	 : 16.86. 11.00 :
	6.0 	 :	 5.27. 12.16 :

	

;	 6.0	 :	 5.11: 12.81
	6.o 	 :	 1.265: 11.54

	

6.0	 :	 .561: 10.79 :

	

6.0	 .56o:	 9.62 1

	6.0 	 .069: 10.08 :
	6.0 	 :	 .067: 11.85 :
	6.0 	 : 15 . 78 : 13.21 :
	6.0 	 :	 1.196: 11.75 :

	

Polyester resin plus:	 .0	 289.1 :• 14.65 :	 .40
No. 1000 fabric	 .0	 : 287.5 : 14.25 :

	7.0 	 : 13.29 : 15.25 :

	

7.0	 : 12.34 : 14.52 :
	7.0 	 3.98 : 14.44 :

	

7.0	 3.88 : 14.50
	7.0 	 1.00 : 14.28

	

7.0	 .99 : 12.24 •
.436: 14.15 :7.0

	

7.0	 :	 .447: 14.75 :

	

7.0	 :	 .056: 13.15 :

	

7.0	 :	 .056: 13.05

• 6.0	 : 15.7 : 11.73

	

6.0	 1 13.3 : 15.09

	

6.0	 7	 4.13 : 14.46

	

6.o	 :	 4.14. 14.60

	

6.0	 :	 1.01. 12.42
	6.0 	 1.03 : 13.29

	

6.0	 :	 .442: 11.07
	6.o 	 :	 .436: 12.78

	

6.o	 :	 . q54: 10.96

	

6.o	 :	 .054: 11.62

	

Epoxy resin plus 181:	 .0	 : 283.0
fabric	 •	 .0	 : 276.0

	

8.0	 : 12.1
	8.o 	 : 11.52 :

	

8.0	 :	 3.92 :

	

8.0	 :	 3.87 :

	

8.0	 .99

	

8.0	 .97

	

8.0	 •42

	

8.0	 .42 •
	8.0 	 :	 .054:

	

8.o	 :	 .054:

:Estimated:at 10,000
:endurance: hours

• 1, 400	 1L222
•

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

10.0 :	 9.5

	.155 : 	 7.7 •	 7.5

	

.200 : 	 12.2	 9.09.

plus :	.0	 : 308.0 :• 12.32	 .425 :

	

.0	 : 298.0 	 12.64
Polyester resin	 .208 :	 10.3	 9.0

woven roving

15.91 : 1.750 : .105	 11.0 !	 11.5
16.32
15.76 :
15.97 :	 •
15.44 :
16.39
13.26 :
14.85 •
14.28 •
14.87 •
13.55 :
13.90
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Table 5.-,Results of Prot method of test in Johnson double shear (wet) in stress-rupture 
experiments (73° F. in water) 

Material Prot test	 : Wohler
:	 : stress
: Initial : Stress : Final :	 Constants	 :Estimated:at 10,000
: stress : rate : stress : 	 :endurance: hours

:per hour:	 :	 k

• 1 000	 1,000 000	 1,000 000	 1 000	 1 000	 1 0002--- •'	 J---- '•	 t--- ••	 4--- '•	 '•	 1--- ••	 1.---
: P.s.i. : P.e.i.: P.e.i.: P.s.i.: 	 : P.s.i. : P.s.i.

•

	Polyester resin plus:	 7.0	 : 11.60 : 11.00 : 1.050 : 0.155 :	 7.2	
.	

7.0
181 fabric	 :	 : 10.45 : 10.39 :	 .	 .

:	 3.96 : 12.06 :	 •
:	 3.43 : 10.42 : .	 :	 •

	

.	 •.	 1.02 : 11.67 :	 •.	 :•

	1.02:	 9.52:	 : •

	.407:	 9.42 :	 •.	 :

	

:	 •.	 .409:	 9.33 :
.	 .049: 10.05 :	 :	 ••

	.052: 	9.02

Polyester resin plus:
mat	 .

5.0
:
:
:

.
14.050:
15.40 :

10.19
10.55

.
: 2.920

.
: .092

•

: 3.4 ! 4.5

. . 5.140: 10.04 : •

I 5.110: 10.21 : •

1.265: 9.68 :
•

. 1.274: 9.14
.512: 7.17 :

: .514: 7.37 : •. •. :

.064: 8.25 : •. :
•

: .064: 7.73 : : : •

•. . : •.
•

Polyester resin plus: 6.5 : 11.410: 13.00 : 1.225 : .165 : 7.5 •. 7.2
No. 1000 fabric	 : : 11.00 : 12.90 : . . •

. 3.930: 12.80
•. : 3.950: 12.50 : •. :

•

•• .989: 12.60 : •
.

•
.

•

: .838: 10.65 : •. : •

•
. .396: 10.05 : •

.
•

. .411: 9.63 : •. •

: . .050: 9.55 : •

: .050: 11.11

Polyester resin plus: 6.0 : 11.50 : 11.20 : .260 : .285 : 7.5 : 4.7
woven roving	 . :

:
11.45	 :
4.30	 :

10.24
11.30 : • •. •

•. 4.10 : 10.10 : •. •. •

•
. 1.05: 8.75 : •

.
•

: 1.02	 : 9.18 : •

: .387: 8.17 : •.
•
.

•

•
.

: .409:
.049:

9.50:
8.86 :

•
• :

•

.047: 8.50 : •

Epoxy resin plus 8.5 : 10.50 : 12.70 : .420 : .190 : 10.6 : 10.0
181 fabric : 11.62	 : 13.72

. 4.08 : 11.95 : •. •. •

•. 3.88 : 13.60 : •. •

•. .988: 11.85 : •
.

•

. .990: 13.13 : •
.

.

.
•

.402: 11.56 : •
.

•
.

•

•
. : .395: 11.41 : •

. :

.
•
. .049:

.051:
11.95
11.65

:
: •.

:

•.

•

•
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Table 6.--Comparison of  endurance limits for plastic laminates as estab-
lished by Prot and Wohler methods 

Material
	

Tension	 Shear

:

UNDER DRY CONDITIONS

Prot

1,000

Wohler

•	 1 0006 _4_
:	 P.s.i.

:

•
•

Prot

1 000a_

:

•
•

:

1 000L--
P.s.i. P.s.i. P.s.i.

Polyester resin plus 181 fabric :
.

27.5 :	 26.0
•.

:

•.

10.0 :
•.

9.5

Polyester resin plus mat : 6.6 :	 5.3 : 7.7 : 7.5

Polyester resin plus No. 1000 fabric: 20.0 :	 20.8 : 12.2 : 9.0

Polyester resin plus woven roving : 16.0 17.4 : 10.3 : 8.2

Epoxy resin plus 181 fabric : 32.5 :	 37.5 : 11.0 : 11.5

UNDER WET CONDITIONS

Polyester resin plus 181 fabric : 20.0 :	 15.5 : 7.2 : 7.0
• • •

• • •

Polyester resin plus mat : 6.5 :.... .... : 3.4 : 4.5
: : •.

Polyester resin plus No. 1000 fabric: 10.0 :	 12.0 : 7.5 : 7.2
: •. :

Polyester resin plus woven roving : 10.0 :	 10.5 : 7.5 : 4.7
: •. •

Epoxy resin plus 181 fabric : 22.5 :	 25.0 : 10.6 : 10.0
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Figure 5. --Setup for Prot test at 50 percent relative humidity.
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