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TEST METHODS FOR CHARACTERIZATIONI

OF FIBE REINFORCED COOPOITES

j • m-rAshok K. Mu nuS o-. -

Norton Thioko Inc.S~ P.O. Box 524

Brigham City, Ur 84302'

Because of their nonisotropic and inhomogeneous nature, the testing of composites is sore
extensive than thst of metals and is still evolving. Sample preparation snd test methods are not
fully developed or standardized for the industry. Test data depend upon the test method, specimen
design and the composite void content. The work reported in this paper is in the direction of
standardizing test methods for the industry and reviews the present status of test methods for
characterization of fiber reinforced composites. Test methods available for tension, compression
sod shear are summarized and advantages and disadvantages of each are discussed. Recomendations " -
have been made as to which test methods are acceptable for determining design allovables and which
test methods are suitable only for comparative purposes and quality control. Where available,
test data obtained from different test methods and/or different specimen designs have been
discussed

"Key Words: Test Methods, Composlte. Characterization, Standardization, Tension, Compres-
sion, Shear

INTIRODUCTION

Composites offer advantages over metals in terms of lower weight, higher specific strength
and modulus, higher fatigue resistance, better oxidation and corrosion resistance, and better
control of thermal and electrical properties. For composites to be used efficiently, these must
be characterized rompletely. Because of their inhomogeneous nature, the testing of the composites"is more extensive than that of metals and is still evolving. Sample preparation and test methods
are not fully developed or standardized for the industry. Test data depend upon the test method,
specimen design and composite void content. Resin dominated properties like shear, compression
and transverse tension are greatly affected by void content. In absence of standard test methods,
the data reported by the individual companies cannot be used by the industry for accurate analysis .•- .
or design allowables. This prohibits extensive ,•se of the composites by individual companies
Sithout spending large asounts of money in characterization testing. Recently a significant

amount of composite tenting has been done in the industry to compare the various test methods
(1-10). However, we are still far away from having standard test methods for the industry such
that the test data obtained from different sources can be compared on a one to one basis. Efforts
are being made by various agencies such as JANXAF, HIL-IREK-17 and ASTh Committee on D-30 High
Hodulus Fiber to standardize the test methods.

This paper is in the direction of standardizing test methods for the industry and reviews the
present status of the test methods for characterization of fiber-reinforced composites.

OBJECT %VES

WTo review the present status of test methods for characterization of fiber reinforced
composites.

*To summarize the test methods available for tension, compression and shear and discuss '
,dvantages and disadvantages of each.

WTo recommend which test methods are suitable for deternination of the design ullowables
and which are good just for quality control comparison purposes.

,hhere available, discuss and compare test data obtained from different test methods or
using different specimen designs.

SPECIME FABRICATION AND PREPARATION'

Specimen design and fabrication should parallel that for the end product in order to obtain"the most meaningful data. Where possible, a correlation factor should be established betw-en the
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subsccle and the large scale specimens or parts to accont for the processing parameters. All
mechanical data should be correlated with the specimen fiber volume, resin content, void content,
density, glass transition temperature, etc. Though machining of glass and graphite composite
specimens poses no problems, machining of Kevlar

* 
specimens is not recommended by coventional

methods using carbide blades or high speed carbide end mills. Because of the induced
delaminations and fuzzing at the edges, laser machining may be required for Kevlar specimens.
Hachining of Kevlar specimens by a water jet cutting technique may be acceptable if there is no
pickup of moisture during cutting and the specimen edges are clean and true.

Bonding of end tabs or strain gages generally does not give any problems with graphite, glass
or regular levlar composites. However, composites using Kevlar 49 coated with release agents to
give higher fiber pressure vessel performance (11) may give bonding problems. Generally the
strain gage adhesive should be cured at test temperature. All finished specimens should be
examined visually for any defects. Nondestructive inspection techniques can be included if
quantitative data on the nature of the defects present in the specimens are needed.

TEST KElenS - .-

Physical properties including fiber volume, resin content, void content and density should be

determined an all representative composite specimens for correlation with the mechanical proper-
ties. All fiber dominated properties including longitudinal tensile strength and modulus are
affected by fiber vol use.

Resin dominated properties like shear, compression and transverse tension are affected by the
void content, resin content and fiber volume. For every one percent increase on the void content,
resin dominated properties renerally decrease in the range of 5 to 10 percent. Hence, to get any
meaningful test data fiber voltme resin content and void content should be representative of the
part for which design allowable& or acceptance testing is being done.

Fiber dominated mechanical properties should always be normalized to the design fiber volume.
Resin dominated properties cannot be normalized and should be rerun in case the fiber volume,

sin content and void content of the specimens taken from the panel are outside the design
limita.

Testing for glass transition temperature (Tg) should be done to determine the extent of the
cure and detect any minute changes in resin formulation. Recomended test method for glass trawlo-
tons temperature is Dynamic Mechanical Analysis (DNA) which gives a plot of real and complex shear
moduli versus temperature. Table I lists thL various physical properties and the test methods
used for determining them. Reference 12 gives the alternate test method for determining fiber
volume for Kevlar composites. To get accurate data, extrexe care should be taken to make sure
that only the resir and not the fiber is digested by the sol-ent.

TENSION TESTING

The various tension test methods for composites are suarized in Table II. This table
describes the available test methods, type of specimens needed and the test setup. It gives
advantages and disadvantages of various methods with the recommendation if the test data are good
for use in design or only for quality control.

Recommended test method for getting design allowables for tensile strength and modulus is
ASTO D-3039. Alignment of the specimen is very critical and the test fixture shown n Fitg. I is
recommended. This method can be used for testing coupon specimens in direction 1, 2 and crossply
layups. In testing of neat resins or direction 2 for composites, end tabs are not necessary.
Direction 2 tension testing for composites can also be done using 90 deg hoop wound tube specimens
in the test fixture shown in Fig. 2 (Ref. 13). Generally data obtained from hoop wound tobes are
higher than those obtained from coupons because of minimal edge effects and also lower void
content (better compaction in tubes). Alignment of the specimen is very critical.

For tension testing of direction 3 (through thickness) specimens, the test fixture shown in
Fig. 3 is recommended. Here the bond strength between the composite and steel disc should be
greater than the direction 3 tensile strength (suterlaminar tension) of the composite. Kevlar and
glass composites which generally have relatively low interlaminar tensile strength (direction 3
tensile strength) do not give any problem. For graphite composites uhich have relatively high
value of 3 direction tension, selection of the appropriate bonding adhesive is ipportant to make
sure the failure occurs in the composite and not at the composite and steel interface.

-Kevlar in a registered trademark of DuPont for ara.id f:ber.
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Tensile strength and modulus values can also be determined using ring specimens. Rings are

more representative of the cylindrical filament wound part and give more representative specimens
than the coupons. It was found in Reference 1, 2 that after normalizing for fiber volume, data
obtained were equivalent for rings and coupons. Absolute values for the rings were slightly
higher because of the higher fiber volume for the rings as compared to that for the coupons,
probably because of higher winding tension for the rings. With this in view, coupon testing is
recommnded as the ring testing is time consuming and costly. Test setup for hydrostatic testing -. -, -.
of rings is shown in Fig. 4.

NOL ring split disk method gives the apparent rather than the true tensile strength because
of the bending moment imposed during the test. Test data obtained from this method are recoin-
mended only for material evalustion and quality control. These data are not recommended for
design purposes.

Elongated ring split disk (shown in Fig. 5) minimizes bending stresses during the test, but
the fiber and void volume may not be uniform in the specimen due to difference in winding tension
between the ring section and the straight section. This method is also recommended only for
material evaluation and comparative quality control and not for determining design allovables.

Testing the 5.75-in. pressure vessel to determine hoop fiber stress is good for material
evalustion, screening and quality control acceptance testing. This bottle is not recommended for
dome contour, dome reinforcement or attachment studies because of too small a size. Data obtained
from this testing are the maximm possible available for the full-scale design. Hoop fiber stress
obtained depends upon the stress ratio, laysp and processing. Air Force Rocket Propulsion Lab-
oratory (AFTPL) is working in the direction of develuping a Standard Test Evaluation Bottle (STEB)
for the industry. Tentative diameter for this bottle is 10 inches. This bottle is currently
being evaluated by the industry to check if it can be used to get the design information not
available from the present 5.75-in. bottle (Aim D-2585).

Various modifications to the ASIB 5.75-in. pressure vessel are pessible. The factors uiich
affect the pressure vessel performance include the stress ratio, dome contour, dome reinforce-
menta, compsite layup, processing and size (diameter). Besides the material system, the single
most important parameter which affects the pressure vessel performance is the processing.

COMPRESSION TESTING

Compressive strength data obtained for a particular maternal system depends upon the mode of
failure. If the failure is not truly compressive, low value for the test data is obtained. In
general, specimens giving high strength data fail in the fiber compression mode. The specimens
failing either by flexure or delamination generally give medium strength data. The specimens
which give low strength data generally fail by Euler buckling with large unsupported specimen
length. If the specimen is designed so as not to fail by buckling, compressive strength values
obtained by the fiber copressive failure mode is the upper bound limit. The strengths predicted
by either the flexure or the delamination failure modes give the lower bound values. Comparison
of the experimental and predicted compressive strengths for T-300/5208 material system for the
three failure modes is shown in Fig. 6, Ref. 6. The values of compressive modulus is generally
not dependent on the test method (2, 3, 7). .-. *• .-

In ASIN D-695 and FI HS-I06 compression test methods, the specimens aree end loaded and crm-
pressive strength data obtained are on the low side due to improper failure modes including end
brooming. Load transfer is not through shear and is very inefficient. Though the dog bone shap•e
in ASTH 0-695 helps to transfer the lud to the center, machining problems generally result sn
stress concentration at the corners leading to low compressive strength. Basically both the AST.
D-695 and F/lS-406 used as such are suitable for neat resins or plastics rather than the fiber
reinforced composites.

Nodifications to the above test methods for use with composites include the use of the end
caps and/or end tabs. Setup used by SoRI (Southern Research Institute) using a dog bone specimen -
with end cap modification is shown in Fig. 7. Horton Thiokol, Inc. modification (Fig. 8) of ASTH
D-695 uses rectangular coupons with the end caps. These modifications give more efficient load
transfer through shear. Though not the ideal test methods for getting design data, they are fast
and adequate for quality control, material evaluation and product acceptance purposes. Specimen
thickness can be varied with the proper fixture design.

An end caps test fixture (Fig. 9) used by Irion and Adams of the University of Wyoming (Ref.
5) gives relatively higher test data due to effective load transfer. As reported by the above
authors, data obtained by this test fixture are comparable to those obtained f,om ASTH D-3410 type
test methods where load transfer is very effective.
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For compression testing of cylinders, modification to ASTH D-695 includes use of bonded end
plugs to prevent end brooming. Upper surfaces of the cylindrical surfaces should be parallel to ... -
within 0.001 in. to get proper alignment &23 reliable data. This method is recomended for
material evaluation and quality control only. The test setup is shown in Fit. 10. Eydrostatic _______

compression test method using ASTH D-25a6 is also good only for material evaluation and compara- .-. .. .*
tive quality control. Ring testing by compression (Fig. 11) is also recomended only for quality -7 -
control material acceptance. It gives failure load, stiffness and deflection at fill-e. Test
setup for testing direction 3 compressive strength is similar to that used for direction 3 tension
and is shown in Fig. 3.

AM D-3410 (Celanese developed) test uethod gives high compressive strength =mbers due to
very effective load transfer through shear. It uses a conical type fixture. This method Les .
specimen thickness limitations but gives teat data comparable to those obtained from the sandwich
beam test method. This methed is very highly recomended for getting design allowables. The test
setup is shown in Fig. 12. IITRI (Illinois Institute of Technology Research Institute) modifies-
io ofAT D51 -3410 includes the use of a pyramidal wedge type fixture instead of the conical type

i D SI -3410. Use of pyramidal wedges allows specimens of various thicknesses. It gives data
sinllr to those obtained with 0-3410 and is also highly recomended for the design allowables.
The test setup is show in Fig. 13.

Modification used by SogI to ASIR D-3410 includes test fixtures show in fig. 14 and Fig. 15.
The modification in Fig. 11 does not have end tabs and is not supported throughout the specimenlength. This gives lower data &Wd this method Is not reco~mmeded for design but omly for quality ....- .
control comprative purposes. The modification in Fig. 15 uses end tabs sad the specimen Is .-.. _.,.

supported through the specimen length. This method gives relatively higher teat date and is
recommended. Test data using the above two modifications are shown in Fig. 16. As reported in
Ref. 2, test data for configuration I (Fig. 15) are higher than those foconfiguration 2 (Fig.
14) for the various material sytems.,. .. -;"."

Another type of compression test fixture which was developed by the National Bureau of
Standards (Ref. 14, 15) is shown in Fig. 17. This fixture combines certain features of the 11211
and Celanese test fixtures, uhile introducing a feature which allows tensile loading. The test
setup consists of a test specimen contained in end fixtures which are constrained to move in a
colinear fashion by rigid rods and an external housing. Specimen gripping is achieved by friction
due to interference between end fixtures and cylindrical specimen buildup. This method utilizes ,
both square cross section and rotnd cross section specimens. The round cross section is recom-
mended for 0 det unidirectional -omposites only.

toad transfer in the Sandwich Beam test method is the most effective (3, 16, 17). Test data
obtained by this method give compressive strength nubers which match or are higher (Ref. 3) than
those obtained by ASTH D-3410 of both Celanese and IITRI designs. Were practical, this test
method shoulO be run. This is highly recomended for getting design allowables. Disadvantages of
the sandwich beam test method include high cost and -ta general unsuitability for running environ-
mental sting tests.

SHM TESTING""-"" "

Shear testing consists of testing for interlaminar and inplsne shear. Various test methods
for testing of interlaminar and inplane shear for composites are outlined in Table IV.

Interlaminar Shear Testing

In interlaminar shear testing, short beam shear (SBS) using the specimens cut from the NOL
ring or flat panels are tested as per ASTH D-2344. SIS is dependent upon the void content and
teverally ROL ring specimens give higher SB strength (Ref. 1, 10) due to low void content and
better fiber/resin interface bonding. This test is recommended only for material evaluation and
quality control. It is not recommended for design allovables because of nonuniform stress distri-
bution in the test specimens.

losipescu (double V-notch) shear specimen (Fig. 18) consists of a flat laminased composite
coupon with symmetric V-notches (Ref. 8, 18) along the two free edges. The ends of the coupon are
gripped by fixtures (bolted, bonded or clamped) and the load is introduced through tension or
compression. This is a simple test and the data obtained can be used either for material evalua-
tins, quality control or design.

Data fron double notch shear(ASTH D-3816) are not recoknded either for dqails'or for quality
control. The data are generally in error (Ref. 10) as these are dependent upon tcb aetrh depth
which is difficult to control.
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Testing for interlaminar tension is done as per the test fixture shown in Fig. 3. These data
are good only if the interlaninar shear strength of the composite is lower than the bond strength. -
of the composite to the steel disk. For glass and Kevlar composites, generally no problem arises _

Sas shear strength is on the low side, but for graphite composites, which have relatively high -. -
interlaminar strength, care should be taken tn selecting the appropriate adhesive to make sure the
failure occurs in the composite and not at the composite/steel interface.

Inplar.e Shear Testing t... .

Tube torsion using 0 or 90 deg winding gives the mast accurate inplane shear strength and
modulus data (1. 2, 9, 10) and is highly recomended for design. Similar data can also be oh- IA
taned using sclid rod torsion. Coupon torsion also gives very accurate shear strength and
modulus data which can be used for the design. Coupon torsion can also be used to determine shear
modulus in other planes including G13, G23 (Ref 1, 2) and is highly recmmended.

Panel shear (picture frame) and plate twist testing described in Ref. 2, 9 give test data
acceptable for material evaluation and design.

Ten degree tensile shear testing developed by NASA to determine shear strength and modulus is
not recommended. It gives low shear strength and high shear modulus (Ref. 10) due to tensile - .'. -
shear coupling.

1 45 deg tensile shear testing is a standard ASTm test method designated ASTH D-3518 and
gives minimal tensile-shear coupling (Ref. 1, 10). Thii test method is fart, needs no tab bond-
ing, gives acceptable data and is highly recommended f.r determining the c isite shear strength
and the modulus.

Insipesco shear test as described above (Fig. 18) gives excellent data for iuplane shear and
is recommended both for the material evaluation and design allowables.

Rail shear testing is used widely for determining composite shear strength. This test has
been used for a variety of materials and laminate configurations at room and elevated tempera-
tures. A nuber of variations (2 rail shear, 3 rail shear) of the rail shear specimen have been
used. Tensile or compressive loads are introduced at the rail ends to displace them essentially
parallel to one another. Testing setup for rail shear is shown in Fig. 19.

In four-point ring twist testing (Fig. 20, Ref. 19), the specimen is subjected to out of

plane four point loading. Applied are four forces of equal magnitude, two upward$ at 0 and 180
deg and two iownward at 90 and 270 degree. This method is used to measure the shear moduli of
isotropic and composite materials. This test is iimple and fast with no -equirement for elaborate
instrumentation or setup. Using this method, accurate values of the she, moduli can be measured
at room temperature, cryogenic temperature and elevated temperatures.

Double notch shear as described above gives unreliable test data due to problems with the
notch depth and for that reason is not recommended either for design allowables or for quality .-. --•.-
control.

The crossbeas shear specimen (Fig. 21, Ref. 8) consists of a compressive top flange separated - -

from the bottom flange by a honeycomb core. When the orthogonal legs of the beam are loaded in
positive and negative bending, a state of equal magnitude tension and compression is produced in
the top flange test section (neglecting core influence and stress concentrations). This test is
not recommended either for design or quality control as the specnien is complicated to fabricate
and requires a large amount of the material.

A variety of slotted coupon specimens has been used to obtain shear properties of metals and
composites (Fig. 22, Ref. 8). Slotted coupon has the advantage of requiring little sn the way of
material, fabrication time, fixtures and test apparatus. However the spec-.en is typically charac-
terized by undesirable normal stresses and high stress concentrations at the slot ends which lead
to early failures, outside the test section, giving low values of shear strength.

Data for interlaminar and inplane shear strength as determined by various test methods for
epoxy material system using Kevlar, glass and graphite fiber are shown in Fig. 23.

SLI-SY NOD RECC DATIOVS

Sample preparation and test methods for composites are not fully developed or standardized
for the industry. The test data depend upon the test method, specimen design and the composite
void content. In order to obtain the most meaningful data, specimen design and fabrication should

1. .- . .-



be parallel to that for the end product. All mechanical data, should be correlated with the spec.-
menjfiber volumc. resin content, void content and glass transition temerature. Adequate care i-'
should be taken in specimen machining and preparation.

In Physical property testing, the recomended method for glass transition temerature testing

In teso& tsig tercomne method fortnintetn ffltlmnte sAT

IP-3039. For testing of tube specimensa, modified ASMh D-3039 using grips is recomended for design "

aflovables. For Direction 3 testirg, tensile adhesion disk testing is recommended. For testing

vessels, SRD28 rIsmdfctos r eomne.I opeso testing, recomended
methods for design allovsbles are ASIII D-3410 type test methods and sandwich beau testing. Using
of teat methods wnhere specimens are end losdei' or are sot supported through the specimen length is

not recommended for design allovables, though they may be acceptable fcr material acceptance or

In shear testing, recommnded method for interlaminar shear Is losipescu (double V-sotch)
testing. Short beam shear, because of nonuniforn stress distribution should be used only for
quality control. Double notch shear testing is not recommended either for design or for quality
control because of the problem In controlling the notch depth.

In inpisne shear testing, recommended methods are torsion of the tube, rod or coupon. Though
10 deg tensile shear gives lover shear strength and higher shear modulus because of tensile shear
coupling, the date obtained from ±4S deg coupon or tube testing are acceptable for design.
Wihereas rail shear gives only zcceptable shear strength data, Isopescu testing gives acceptable
data for beth tt" strength and the modulus.
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TABLE I

PHYSICAL PROPERTY TESTING OF COMPOSITES

.1.

Property Evaluated Test Method Coents. '

Density ASTM D-792 Liquid displace-ent

Fiber Volume AsT r '2584 Resin burn off for glass

Resin Content ASTH D-3171 Solvent digestion for Kevlar and graphite

Void Content ASTM D-2734 Void co.tent calculation

Glass Transition Rest Distortion Temperature Gives softening teeperature, gTemperature (Tg, (AS'M D-648)

The ral mechanical Gives coefficient of the.na .expansions, Tg
Analysis (ITA)

Differential Scaening .Ives extent of cure, Tg
Calorimetry (DSC)

Dynamic Mechanical Analysis (WA) Gives Tg. Minute changes in resin fornulation
can be detected
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TABLE 3

COMPRESSION TESTING OF COMPOSITES

Test Method S ecisen e Coents

robl stress concetr-to i d b ah

ASTh 0)-695 Dog one 0A D-695 Specimen end loading. End Brooaing - Improper failure nodes.
Coupon Gives low strength due to inefficient load transfer.

Probable stress concentraton In dog bone mach~inng. Good
for pRsatics (oear resin). Hot good for composites. Not

recommended for design allovables.

FPnS-406 Rectanqular FTMS-406 Same as above. Gives low strengths due to inefficient load - .
Coupon transfer.Good for plastics (neat resins) not for fibrous

Dcomposites.
ASISS o-695 g lone Figure 7 Efficient load transfer. Gives higher strength. Probable
End C•p.(1od) Coupon stzess concentration In dog bone specimen machining.
SoRt Specimen thickness canbe varied with proper fixture design.

;ood for Quality Controlmaterial acceptance, not for design
ASTM D-695 Rectangular Figure 8 Efficient load transfer. Gives high strength numbers.
End Cap. (Hod) Coupon Specimen width constant, thickness can be varied. Good for
HTI Quality Control. comparative purposes, not for design

allowable&.
ASTM D-695 Coupon Figure 9 Gives reletivelv higher data due to effective load transfer.
(Mod) End Cap. Dataobtained comparable to ASTM D-3410 type test methods.
Univ of Wy Can be used for quality control and design allovables.

ASIY D-695 Cylinder Figure 10 End plugs for effective load transfer and to prevent Improper
(?->d)End Plug, failure modes at the specimen ends.

ASTM D-2586 Cylinder ASTM I-2586 Hydrostatic compression. good for material evaluation,
comparative quality control.

ASTH D-695 Ring figure II For quality control saterial acceptance. Comparison of
1TI (Mod) different naterials. Gives failure load, stiffness and

deflection at failure.
ASTM D-695 Disc Figure 3 Similar to test iixture used for 3 direction tension.
MTI/SoRI Minlmizes end brooning.
(Mod)
AS•M D-3410 Coupon Figure 12 Very effective load transfer. Gives compressive strength
(Cela..e.) number, comparable to sandwich besa. Uses conical type

fixture. Very highly recommended for getting design
Illovables.

ASTH 0-3410 Coupon figure 13 Same as above except for modification that it uses pyranidsl.
IITRI (Mod) wedge type fixtures. Highly recommended for design

allowables.
ASTM D-3410 Coupon Figure 14 Modification of 0-3410. Uses be. Ing to support the
SoRI (Mod) specimens. Speclen does not have end tabs and is not

supported throughout the length. Gives lower data. Good
for acceptance testing. Not reco-ended for designallowables."'"'-*

ASTH D-3410 Coupon Figsre 15 Modification of '-3410. Specimen bonded with end tabs and
SoRl (Mod) is supported throughout the length. Gives higher strength

'tat. Recutoended for design.

ASTM D-3410 Coupon or Figure 17 Modification of ASTh D-3410. Conbines features of Celanese
%BS (Mod) Cylindrical Ref 14, 15 and SITRI designs. This test fixture also allows tensile

loading. gecommended for both design and taterial evaluation.

San•vich Bean Coupon 4 pt Flexure Very effective 'sad transfer. If test properly conducted, ... - ..

Eef 3. 16. 17 gives ideal conpressive strength numbers. Data equal or
AIIT C364-61 slightly higher than that obtained fro- ASTh D-3410 test

nethod. Highly reco=-ended for design allowables.
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TABLE 4 Z.

INTE.AMIAR AND INPLANE SHEAR TESTING OF COMPOSITES "• .

Test Method Specimen Data Obtzined Test Commsents

Intrlminr hea Tpe Strengthmodulus Setup
Interlmainsr Shear xl1D244•" "

Short Beauhen t ASTH D-2344 Panel/NO Yes No ASm D-2344 Nonuniform stress

(SBS) Ring distribution. Test data notI good for design. Used only for
comparison and quality control.

Double Notch Shear AM D-3346 Coupon Yes No ASTM D-38M6 Notch depth critical. Data rot

reliable. Not reco.ended for

design or quality control. .

Ioslpescu Ref 8. 18 Coupon Yes Yes Figure 18 Gives excellent data. Good for

(Double V Notch) design.

Tensile Adhesion fTI/SoRI Disk Tea No Figure 3 Composite Interlazinar shear

(Interlasinar should be less than herd

Tension) 
strength of composite with
steel disk.

Irolane Shear 
• !

Tube Torsion torsion Hollow Yes Yes Given most accurate valoon of

(0.90 deg) Tsbe G
1
2 tn 2 . Recomended for

des •

Rod Torsion Torsion Solid Rod Yes Te Sae as above

Coupon Torsion Torsion Coupon Yes Yes -8 Same as above. Can also be
used to deteralne C1 3 and G23 .'

Panel Shear Ref 2, 9 Coupon No Yes Induces stress concentration

(Picture Franc) t the spet i .n e dgs.
nestionable sh strength

data.

Plate Twist Ref 2, 9 Coupon No Y¥a Gives good modulus data.

10 Deg Tensile NASA-TN- Coupon Yes Yes ;STN D 3039 Gives lo strength and high

Shear D-8215 modulus due to tensile shear . .
coupling. Not recommended for ,,,. .,S-o
design. @

245 Deg Tensile AsTN. D-3518 Coupon Yes Yes ASTt, D-3318 Minial shear coupling. Gues

Testing AST. D-3518 Tube yes acceptablhe data. Can be used for
design allowables. Avoid edge
e ffects.

Iosipescu Ref 8. 18 Coupon Yes Yes Figure l1 Gives excellent data. Can be
used for design allowables.

Rail Shear Ref 8. 15 Coupon Yes No Figure 19 Gives good strength data if no

stress concertration at rhe

edge$.

4 Foist Ring Twist Ref 19 Ring ho Yes Figure 20 Gives good data for sodulus at
all temperatures

Double Notch Shear AM D-3846 Coupon Yes No AST" D-3846 Gives unreliable data Notch e'
depth critical. hot
recommended for design

Cross Sandwich Ref 8 Be.. Yes No Pleure 21 Induces stress concentration
Beau Shear uithin the test section and at

the corners. Svec Ioen

complicated to fabricate and
requires large amount of
naterial. hot reco--ended.

Slotteu' Tension Ref 8 Coupon les No Figure 22 Stress concentration gives lou
values of stress. hot

Shear areczomended for design.

150



ALIGNMENT PIN
SERRATED GRIP V-GROOVE

Al UINRUM END PIECES

TEST SPECIMEN, 1*"*
SPECIMEN JDOGAGE LENOTNIG 075 SPECIMEN
LENGTH( N) 9-14 05IS

4 CROSS-PLIES-
SIWTCIIPtY LOADING GLUE
PADS LINE

.9 174N PINHOLE

-I OSI)I~hFigure 3b. SoRT Direction 3 Test ltstlure

SPECIMENVA~DEFI

Figure 1. Alig~n~ent Test Fixture for **...-

Tension Testing (ASTM D-309) PRESSURE TRASUER

/TOP CLO~R

BONDED MCNT

COWDWER REUREm

INRREAING G BOýTTO CLOSURE
RING PLATE

*Figure 2. Trzasverse TeoSion TestingMOAI
for Composite Tubes Figure 4. Hydrostatic Set-up For Tension

Testing o.- Ring VPecloens

TENI.ON

SSTEEL DISC

Figure Ua. Morton Thiokol Directlon 3Figure 5. Elongated Ring Syýilt Disk Testing

Tension Testing Fixture
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FLEXRALAND ENSLE SRENTH

1.00s IO150O15~tS

.100

NOSCA-F igure- 9. End Load Co~pressiou

LOAD

LOAD

COWIDLLL

1ZALRIml MLUG

Figure 10. Cozpression Test
Setr-up for Cylinders

Figure 7. SoRT Coepression End

Cap Test Fixture

MUG SPIOUTOI

Figure 11. Conpression Testing
of Riot Spccizens

Figure 8. End Cap Test Fixture with ipectien
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STEEL GRIPS -

SfwACE

COLLEYSUPPORTING PINS

TPRD CSRESSHEAR TABSS .~ -
COTIf 4 PLACES

SLMSPECIMEN 
- .

LOMETOFG Figure 15. Cospressios Test
PORT Fixture-Loading Configuration I1.

Figure 12. ASTh D-3410(Celjoese) C-pressiso
Test Fixture U'sing Conical Wedges 11 tT

11-
T. ItSDl 0,J~1

&US",=K

WEGSSCREWS - I

T.3V' RELEASED KEVLMA S2CLASSS CO.35FIGR 102
UF-325 KEVLARON WU3283 U 32453

UP -3253
Figure 16. Co~pressive Strenagth Vs Specicen Free Length

Figure 13. 11TR! Compression Test Fixture C
Wsng Fyr~idal Wedges

C 0

100

10

* Figu~re 11. Conression Test Figure 17. \SS orressien Test Fixture
* Fixture-1oading Configuration 2
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6 TEST 145]
SECTION ~5

SECTIONITI

FF

Twirlr It. Double V'-Sotdcbd Figure 21. Cross-Be- Sanditch Testing

(Insipescu) Shear Testing

1001 
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Figurse 22. Slotted Coopon Testing

Figure 19. Rail Shear Testing
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