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Summary

This report presents the results of tests made to determine the effect of
different types of configurations and notches on the tensile strength and
fatigue strength of a typical epoxy laminate. Tension tests were first
made of 13 groups of specimens having different forms. Based on the results
of the tension tests, fatigue tests were made of specimens of two different
configurations, under axial loading at 900 cycles per minute and at zero
mean stress.

Data are presented that show the effect of different types of notches on
tensile and fatigue strength. It is apparent that certain types of notches
or cutouts may cause reductions in strength that are more serious than have
been indicated from previous data.

1
This report is one of a series (ANC-17, Item 57-5) prepared and distributed

by the Forest Products Laboratory under U. S. Navy Bureau of Aeronautics
Contract No. NAer 01835 and U. S. Air Force Contract No. DO 33(616)58-1.
Results here reported are preliminary 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

.4Previous reports-
3
- '

2' 6 on fatigue tests of glass-reinforced plastic lami-
nates subjected to axial loading have shown that the fatigue strength of a
notched flat specimen at 10 million cycles is only slightly less than that
of a notch-free specimen. All of the data in these previous reports were
obtained on one type of specimen that was 1/4 inch thick, 6 inches long, and
1/2 inch wide at the net section. The net section was obtained by reducing
the original 1-1/2-inch-wide specimen by a 4-inch radius. The ends of the
specimens were clamped in the grips of the test machine and only a portion
2-1/4 inches long in the center of the 6-inch specimen carried the tensile
and compressive loads.

It was recognized that, for a typical laminate, this 4-inch-edge radius theo-
retically caused a stress concentration factor of 1.11, and the addition of
a 1/8-inch diameter hole in the center of the net section theoretically
caused a stress concentration factor of 3.4. If the magnitude of the peak
stress is the controlling factor in fatigue tests, and if the material is
notch sensitive, then it would be expected that the fatigue strength of the
notched specimen would be considerably below that of the unnotched specimen.
Experience with metals,' however, has shown that although the degree of notch
sensitivity can be evaluated from tests and theory, the reduction in strength
due to stress concentration is small compared with theoretical effect. Stress
concentration factors are, of course, derived for elastic conditions and would
only be partially indicative of strength comparisons at failure.

Experience with several glass-reinforced plastic laminates, but under only
one stress concentration condition, has shown that the reduction in strength
is small compared to the theoretical effect. It can be shown from strength

values in the previous reports that the sensitivity index, IC8' has values

Boiler, K. H. Fatigue Tests of Glass-Fabric-Base Laminates Subjected to Axial
Loading. FPL Report No. 1823. May 1952.

Boller, K. H. Supplement to Fatigue Tests of Glass-Fabric-Base Laminates
Subjected to Axial Loading. FPL Report No. 1823-A. April 1954.

2
Werren, Fred, Supplement to Fatigue Tests of Glass-Fabric-Base Laminates

Subjected to Axial Loading. FPL Report No. 1823-B. August 1956.

Boiler, K. H. Fatigue Properties of Various Glass-Fiber-Reinforced Plastic
Laminates. WADC TR 55-389. May 1956.

1Timoshenko, S. P. Strength of Materials, Part II. Van Nostrand Co. page 448.
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unnotched strength _ 1
q = 	 notched strength 

stress concentration factor, Kt, - 1
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between 0 and 0.2. Such low values as these indicate conditions that are
not notch sensitive. The conditions that contribute to notch sensitivity
are the material itself and the size and shape of the material being tested.
Since only one notch condition has been used heretofore, very little can be
said about the material's notch sensitivity. It is conceivable that the many
voids, criss-crossing of fibers, and the orthotropic and ductile nature of the
the laminate have an effect nearly equal to that of the hole 1/8 inch in di-
ameter. But some other notch or configuration may show greater notch sensi-
tivity.

This investigation was undertaken at the U. S. Forest Products Laboratory at
the request of, and in cooperation with, the ANC-17 Panel on Plastics for
Flight Vehicles to determine the effect of several types of configurations on
the static and fatigue strength of a typical glass-fabric laminate. The ef-
fect of the various configurations on the static tensile strength was evalu-
ated to obtain an indication of the reduction in strength that results from
the different types of configuration. This evaluation was followed by fatigue
tests of the configuration that caused the greatest reduction in static ten-
sile strength.

Description of Material

A glass-fabric-base panel, approximately 1/4 by 36 by 36 inches in size and
having 26 plies of 181-Volan A glass fabric with an epoxy resin, was made at
the Laboratory for this investigation.

The panel was made by a wet lay-up procedure, using Epon 828 resin that con-
tained 14 percent of Curing Agent CL by weight. In its preparation, the
resin and curing agent were heated in separate containers to 150° F. in a
water bath at 160° F. The curing agent was then mixed with the resin in a
mechanical mixer. Meanwhile, the glass fabric was heated in an oven at 200°F.
for 30 minutes.

When the resin and fabric were ready, the stack of hot fabric was removed
from the oven and placed in the center of a large sheet of 600 PC cellophane.
The hot resin mixture was poured on top of the 26 plies of hot glass fabric
and distributed evenly over the entire area. The resin was permitted to
diffuse throughout the fabric for 4 or 5 minutes and the lay-up was then cover-
ed with a sheet of 600 PC cellophane. The edges of the top and bottom pieces
of cellophane were rolled together and sealed on all four sides, forming a
bag. This bag, still containing the impregnated fabric, was turned over and
the excess resin and voids were worked from the laminate with a hardboard
squeegee. The assembly was again turned over so that the original top surface
was up, and the operation of removing voids and the excess resin was repeated.
The operation of working out voids and excess resin required about 10 to 12
minutes. The laminate was then ready to be cured in the hot press. The in-
itial resin impregration was about 60 percent, but considerable resin was re-
moved during the working-out period.
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An aluminum caul, 1/16 inch thick, was placed on each face of the laminate.
The assembly was placed in the hot press, with one piece of 0.027-inch-chip-
board serving as a cushion between the cauls and platens of the press.

Contact pressure was maintained on the laminate for 8 minutes; then a press
pressure of 25 pounds per square inch was applied for 56 minutes, with the
temperature of the platens continuously controlled at 215° F. At the end of
the curing period, the hot laminate was removed from the press and permitted
to cool to room temperature. A post cure treatment of 1 hour at 400° F. was
given before the laminate was cut into the various test specimens.

The general information on this panel before postcuring shows that the aver-
age thickness was 0.267 inch with a minimum of 0.255 inch and a maximum of
0.271 inch. The specific gravity was 1.78 and the resin content was 37.8
percent. The average Barcol hardness was 68.

Testing

Blanks for 15 groups of specimens were cut from the panel so that their long
axis was parallel to the warp direction of the laminations. Thirteen of the
groups of 5 blanks each were used for static tension specimens and 2 groups
of 7 blanks each for fatigue specimens.

Each specimen from the first group of 5 blanks was 1-1/2 inches wide, 16
inches long, and the thickness of the laminate. These blanks were cut and
tested as standard tension specimens. The remaining blanks were cut 1-1/2
inches wide, 6 inches long, and the thickness of the laminate; they were
randomized into 12 groups of 5 specimens each for static tension tests, and
2 groups of 7 specimens each for fatigue tests. A description of the notch
configuration cut on each of the groups of specimens is presented in the
following section. All specimens were conditioned for at least 2 weeks in an
atmosphere of 73° F. and 50 percent relative humidity, then tested under these
same atmospheric conditions.

Static Tests

Static tension tests were made parallel to the warp of 13 groups of 5 speci-
mens each. The groups of specimens each had a different configuration of
notch that was cut either on the edges or faces of the test specimens. The
static tension tests were made in a mechanical testing machine equipped with
Templin tension grips. Loads were applied at a head speed of 0.10 inch per
minute for the 16-inch-long specimens and at 0.02 inch per minute for the
6-inch specimens; maximum stress data were obtained.

The various configurations of specimens with their respective notches are

49
9

shown in figure - and are described as follows:

2The figures and tables in this report are numbered consecutively after those
in preceding reports of this series.
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Group 1.--Specimens were 1-1/2 inches wide by 16 inches long by the thickness
of the laminate, with a central net section 0.8 inches wide by 2-
1/2 inches long. The specimens were necked down to this net section
by arcs of 20-inch radius, tangent to the minimum section. This
type of specimen has been shown to be relatively free of stress con-
centrations.

The following 12 groups of specimens were all cut from the blanks that were
1-1/2 inches wide by 6 inches long:

Group 2.--Specimens were machined so that the net section was 1/2 inch wide
by the thickness of the laminate. This net section was formed by
cutouts from the specimens with arcs of a 4-inch radius. The speci-

men is described in the basic report and is the standard unnotched
type of specimen that has been used in fatigue tests at this Labora-
tory.

Group 3.--Specimens were machined in the same manner as those in Group 2,
except that the net section was 1 inch wide instead of 1/2 inch.

Groups 4 and 5.--Specimens were prepared in the same way as those in Group 2,
with a 1/2-inch-wide net section. Group 4 specimens, however, had
a 1/16-inch hole drilled in the center of the net section and perpen-
dicular to the face, while Group 5 had a 1/4-inch hole similarly
drilled in the net section.

Groups 6, 7, and 8.--These three sets of specimens were prepared by notching
each edge of the rectangular blank with a circular saw. These saw
cuts, which had a square-bottomed profile, were made to depths of
1/4, 1/2, and 5/8 inch, respectively, for groups 6, 7, and 8. They
were made directly opposite each other in the longitudinal center
of the test specimen. These cuts resulted in sections 1, 1/2, and
1/4 inch wide. The teeth of the saw were specially ground so that
this square-bottomed profile could be obtained, but nevertheless the
radius of curvature at the corners of the cut was greater than
0.01 inch. The width of the cut was about 0.08 inch.

Groups 9, 10, and 11.--Three sets of specimens were made by milling each edge
of the rectangular blank with an Izod cutter. These Izod cuts were
made to depths of 1/4, 1/2, and 5/8 inch, respectively, for groups
9, 10, and 11. They were made directly opposite each other in the
longitudinal center of the test specimen. The Izod cutter had a
45-degree angle of cut and a 0.01-inch radius tip. These cuts re-
sulted in net sections 1, 1/2, and 1/4 inch wide in the different
sets of specimens.

Group 12.--This group of specimens was surface notched. A standard specimen
with a 1/2-inch net section, as described for Group 2, was notched
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with the specially ground profile saw, as in group 6, 7, and 8. These
saw cuts were about 0.08 inch wide and 1/16-inch deep and were made
across the net section directly opposite from each other on each face
of the specimen. The final net section was about 1/2 inch wide by 1/8
inch thick.

Group 13.--This group was the same as Group 12, except that the specimens were
notched on each face with a grinding disk that had a 1/8-inch radius
of cut. These cuts were made to a depth of 1/16 inch across the net
section so that the net section was about the same size as for Group
12. The width of each cut was about 1/8 inch.

Fatigue Tests 

Upon completion of the static tension tests of the 13 groups described, two
types of notch configurations were selected for fatigue tests. One group was
the standard unnotched fatigue specimens described in Group 2. As expected,
this type of specimen had a higher tensile strength (table 14) than any of the
configurations prepared from the 1-1/2- by 6-inch blanks. The second type of
configuration selected was notched and the one that had the lowest static ten-
sile strength, Group 9. This latter configuration had a 1/4-inch Izod cut in
each edge of the 1-1/2- by 6-inch blank. Both sets of seven specimens each
were conditioned for at least 2 weeks at 73° F. and 50 percent relative humidity
before testing. The fatigue tests were also conducted in these same atmospheric
conditions.

The specimens were tested in a direct stress fatigue machinea at 900 cycles
per minute with zero mean stress. During the tests, an air stream from an
electric fan was directed on the specimens to prevent them from heating ex-
cessively.

Presentation of Data

Sketches indicating the configurations of the unnotched and notched specimens
in each group are shown in figure 49.

The average tensile strength for the five specimens in each group is shown in
table 14. Strength'values for each specimen were computed from the tensile
load at failure and the net cross-section. This table also gives the ratio of
average tensile strength of each group of 6-inch specimens to the group of 16-
inch specimens; the larger specimens are considered to be relatively free of
stress concentrations. Also given is a ratio of the average tensile strength of
the notched groups of 6-inch specimens to the standard 6-inch unnotched group.

Table 15 shows the fatigue test values for the unnotched and notched specimens
collected during this investigation, as well as some values given in Report No.

1823-B. 2. The material tested in the previous analysis was also an Egon 828-CL
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laminate reinforced with 181-Volan A glass fabric. The unnotched specimens
were of the same pattern and size in both investigations; however, the notched
specimens differed in the type of configuration. The previous inquiry had
notched specimens with a 1/8-inch hole drilled in the center of the net section
of the standard 6-inch specimen. The notched specimens used in the fatigue
tests in this work had a 1/4-inch Izod cut (group 9).

S-N curves based on the data given in table 15 are shown in figure 50. The
static tensile strength, as determined from tensile control tests, is plotted
for both the unnotched and notched specimens in each series of tests.

Discussion of Results 

,Previous work under axial fatigue loading3—/-i 26— has been conducted to evalu-
ate the fatigue properties of different types of reinforced laminates at
different angles of loading and under different environmental conditions. A
1/8-inch hole, drilled through the center of the standard specimen, has been
used to set up stress risers. For a 181 glass fabric laminate tested parallel
to the warp direction, this hole results in a theoretical stress concentration
factor, Kt, of about 3.4. Experience with this condition of stress concentra-

tion has shown that the reduction in strength is small compared with the theo-
retical effect.

Fatigue properties of the unnotched specimens tested in this investigation were

reasonably similar to those presented in Report No. 1823-B 12 as shown in
figure 50. Differences between the two curves may be due largely to scatter
of data rather than to a definite trend. Static tensile strengths were some-
what different, however, and the relationship between tensile strength and com-
pressive strength may also have been different. Since tests were made at zero
mean stress, compressive strength as well as tensile strength could affect the
S-N data. Fatigue properties of notched specimens were, however, greatly
different, depending upon the type of notch. The fatigue strength of the speci-
mens with the Izod notch, at any number of cycles, was about 50 to 65 percent
of the fatigue strength of the specimens with the circular hole.

The effect of the Izod notch on the fatigue strength at 3 million cycles was
not as severe as its effect on the static tensile strength. This is in general
agreement with the results of previous work, where a small hole was used to
set up stress risers. Furthermore, the S-N curve for specimens with the Izod
notch does not show an endurance limit at 3 million cycles; this corresponds
with previous data on 181 glass fabric laminates tested parallel to the warp
direction.

It was not possible to determine whether the fatigue failures were primarily
tensile or compressive failures because the broken specimen ends hammered
together while the machine coasted to a stop after the specimen failed.
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A trend observed in the tension tests (table 14) is of interest. Specimens
notched at the edges with a square cut (Groups 6, 7, and 8), or with an Izod
notch (Groups 9, 10, and 11), showed that a shallow notch resulted in a lower
average tensile strength than a deep notch of the same type. This is in
accordance with available theory. Specimens with shallow notches, however,
withstood higher loads than those with deep notches. All edge notches were
comparatively deep as compared with the width of the specimen, and the data
of this report do not show what depth of notch would cause the greatest re-
duction in the average tensile strength. Effects of depth of notch should be
investigated further in any future work directed towards evaluating notch
effects.

The data presented in this report show that a notch other than a circular hole
may produce stress risers that have a much more serious effect on tensile
strength and fatigue strength than does the circ ular hole. The particular
types of notches selected for test were not chosen because of any precise theo-
retical studies of stress concentration effects, but were simply selected for
empirical evaluation as types of notches that might have effects comparable
to, or more severe than, the small circular hole. Based on the usual assump-
tions in theory of elasticity, the theoretical factor of stress concentration
for an isotropic material is, for the notches investigated, highest for the
shallow Izod cut. Test data from the orthotropic epoxy laminate also indicated
that the shallow Izod cut produced the highest stress concentrations.

Although the data are limited, they show that certain types of notches or cut-
outs in reinforced plastic laminates may produce stress risers that must be
avoided or be adequately considered in the design of some types of structures.
It is true that the notches employed were generally deep and severe for a
specimen of such a small cross section, yet the shallow edge notches were more
damaging than corresponding deep ones. Further work is needed, however, to
more fully evaluate the effects of depth and type of notch on both the basic
tensile and compressive properties and the fatigue, properties of laminates.
Such work should include theoretical evaluation as well as empirical data.

Conclusions 

Specimens with various configurations were prepared from an epoxy laminate
reinforced with 181-Volan A glass fabric. Tensile tests parallel to the warp
direction were made of the different types of specimens. The results show that
Izod cuts or sharp notches along the edge of a specimen resulted in a substan-
tially greater reduction in tensile strength than a circular hole drilled
through the center of the specimen.

Limited fatigue tests of specimens with Izod notches also show that the effect
of such a notch on fatigue strength is much more severe than that of a circular
hole drilled through the center.
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It is apparent that some forms of notches or cutouts may cause strength reduc-
tions that are more severe than, have been shown from previous data. In the
design of some types of structures, such notches or cutouts should be avoided
or adequately considered in design. Further research on these effects is
recommended.
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Table 14.--Average tensile strength values for unnotched and
notched groups of an 2poxy laminate reinforced
with 181-Volan A _glass fabric. Each_Froup had
five specimens loaded parallel to the warp 

Group No.

1

:

:

: Average tensile
strength

P.s.i.

: Ratio
:tensile

:

:

:	 16-inch

of average	 :	 Ratio of average
strength to	 :	 tensile strength

standard	 :	 to 6-inch standard

Percent	 Percent

157,600 100
2 : —47,90o : 83 100
3 : 44,10o : 76 92

13 : 41,800 : 72 87
12 : 41,600 : 72 87
4 : 37,000 : 64 77
5 : 34,20o : 59 72
11 27,60o : 48 58
8 27,400 : 48 57
7 24,400 •. 42 51
6 : 221700 : 39 47

10 : 22,200 : 39 46
9 19,600 : 33 41

1
–Average of four specimens tested in this group.
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SUBJECT LISTS OF PUBLICATIONS ISSUED BY 

FOREST PRODUCTS LABORATORY

The following are obtainable free on request from the Director, Forest
Products Laboratory, Madison 5, Wisconsin:

List of publications on
Box and,Crate Construction
and Packaging Data

List of publications on
Chemistry of Wood and
Derived Products

List of publications on
Fungus Defects in Forest
Products and Decay in Trees

List of publications on
Glue, Glued Products,
and Veneer

List of publications on
Growth, Structure, and
Identification of Wood

List of publications on
Mechanical Properties and
Structural Uses of Wood
and Wood Products

Partial list of publications for
Architects, Builders,
Engineers, and Retail
Lumbermen

List of publications on
Fire Protection

List of publications on
Logging, Milling, and
Utilization of Timber
Products

List of publications on
Pulp and Paper

List of publications on
Seasoning of Wood

List of publications on
Structural Sandwich, Plastic
Laminates, and Wood-Base
Aircraft Components

List of publications on
Wood Finishing

List of publications on
Wood Preservation

Partial list of publications for
Furniture Manufacturers,
Woodworkers and Teachers of
Woodshop Practice

Note: Since Forest Products Laboratory publications are so varied in
subject no single list is issued. Instead a list is made up
for each Laboratory division. Twice a year, December 31 and
June 30, a list is made up showing new reports for the previous
six months. This is the only item sent regularly to the Labora-
tory's mailing list. Anyone who has asked for and received the
proper subject lists and who has had his name placed on the
mailing list can keep up to date on Forest Products Laboratory
publications. Each subject list carries descriptions of all
other subject lists.


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15

