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Compressive Properties of Polymer Matrix Composite
Materials with Unsupported Gage Section by Shear
Loading *

This standard is issued under the fixed designation D 3410/D 3410M; the number immediately following the designation indicates the
year of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last
reapproval. A superscript epsilos) (indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope priate safety and health practices and determine the applica-

1.1 This test method determines the in-plane compressivility of regulatory limitations prior to use.
properties of polymer matrix composite materials reinforced b
high-modulus fibers. The composite material forms are limite
to continuous-fiber or discontinuous-fiber reinforced compos- ) ) o
ites for which the elastic properties are specially orthotropic D 695 Test Method for Compressive Properties of Rigid
with respect to the test direction. This test procedure introduces Plastics , - ,
the compressive force into the specimen through shear at D 792 Test Methods for Density and Specific Gravity (Rela-
wedge grip interfaces. This type of force transfer differs from _tive Density) of Plastics by Displacemént
the procedure in Test Method D 695 where compressive force D 883 Terminology Relating to Plastics _
is transmitted into the specimen by end-loading, Test Method D 2584 Test Method for Ignition Loss of Cured Reinforced
D 6641/D 6641M where compressive force is transmitted by Resins _ ,
combined shear and end loading, and Test Method D 5467/ D 2734 Test Methods for Void Content of Reinforced Plas-

D 5467M where compressive force is transmitted by subjecting I _ _
a honeycomb core sandwich beam with thin skins to four-point D 3171 Test Method for Constituent Content of Composite
bending. Materialg'

1.2 This test method is applicable to composites made from D 3878 Terminology for Composite Materidls .
unidirectional tape, wet-tow placement, textile (for example, D 5229/D5229M Test Method for Moisture Absorption
fabric), short fibers, or similar product forms. Some product ~ Properties and Equilibrium Conditioning of Polymer Ma-
forms may require deviations from the test method. trix Composite Materiafs _

1.3 The values stated in either SI units or inch-pound units D 5379/D 5379M  Test Method for Shear Properties of

are to be regarded separately as standard. Within the text the COMposite Materials by the V-Notched Beam Method
inch-pounds units are shown in brackets. The values stated in D 5467/D 5467M Test Method for Compressive Properties
each system are not exact equivalents; therefore, each system ©f Unidirectional Polymer Matrix Composites Using a
must be used independently of the other. Combining values _Sa&ndwich Bearh

from the two systems may result in nonconformance with the D 6641/D 6641M Test Method for Determining the Com-
standard. pressive Properties of Polymer Matrix Composite Lami-

nates Using a Combined Loading Compression (CLC) Test
Note 1—Additional procedures for determining compressive proper- Fixture®
ties of resin-matrix composites may be found in Test Methods D 695, E 4 Practices for Force Verification of Testing Machihes
D 5467/D 5467M, and D 6641/D 6641M. . ; .
E 6 Terminology Relating to Methods of Mechanical Test-
1.4 This standard does not purport to address all of the  jpg5

safety concerns, if any, associated with its use. It is the g g3 Practice for Verification and Classification of Exten-
responsibility of the user of this standard to establish appro-  gometer®

E 111 Test Method for Young’s Modulus, Tangent Modulus,

2?. Referenced Documents
2.1 ASTM Standards:

1 This specification is under the jurisdiction of ASTM Committee D30 on ———
Composite Materials and is the direct responsibility of Subcommittee D30.04 on 2 Annual Book of ASTM Standardgol 08.01.
Lamina and Laminate Test Methods. 3 Annual Book of ASTM Standardéol 08.02.
Current edition approved June 10, 2003. Published August 2003. Originally “Annual Book of ASTM Standardgol 15.03.
approved in 1975. Last previous edition approved in 1995 as D 3410/D 3410M — 95. ° Annual Book of ASTM Standardéol 03.01.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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and Chord Modulus is referenced relative to the reference axis to define the ply
E 122 Practice for Calculating Sample Size to Estimateprientation for that ply.
With a Specified Tolerable Error, the Average for Charac- 3.2.5 specially orthotropi¢c adj—a description of an ortho-

teristic of a Lot or Proce$s tropic material as viewed in its principal material coordinate
E 132 Test Method for Poisson’s Ratio at Room Temperasystem. In laminated composites, a specially orthotropic lami-
ture® nate is a balanced and symmetric laminate of thé@),s
E 177 Practice for Use of the Terms Precision and Bias irfamily as viewed from the reference coordinate system, such
ASTM Test Method$ that the membrane-bending coupling terms of the stress-strain
E 251 Test Methods for Performance Characteristics ofelation are zero.
Metallic Bonded Resistance Strain Gayes 3.2.6 transition strain, @SN n_the strain value at the
E 456 Terminology Relating to Quality and Statisfics mid-range of the transition region between the two essentially
E 1237 Guide for Installing Bonded Resistance Straininear portions of a bilinear stress-strain or strain-strain curve
Gage$ (a transverse strain-longitudinal strain curve as used for deter-
E 1309 Guide for the Identification of Fiber-Reinforced mining Poisson’s ratio).
Polymer-Matrix Composite Materials in Databases 3.3 Symbols:
E 1434 Guide for Recording Mechanical Test Data of Fiber- 3 3.1 A—cross-sectional area of specimen.
Reinforced Composite Materials in Databdses 3.2 B,—percent bending in specimen.

E 1471 Guide for the Identification of Fibers, Fillers, and 333 CV—sample coefficient of variation, in percent.
Core Materials in Computerized Material Property Data- 3.3.4 E—modulus of elasticity in the test’direction.

base$ cu . ) .
22 ASTM Adjunct: 3.35 ultimate compressive stress (compressive

; . strength).
S%mgrt?]sesrl%nozljxr;uerﬁés.D3410 Method B 3.3.6 G, —through-thickness shear modulus of elasticity.
ANS| Y14.5M-198% 3.3.7 h—specimen thickness.
ANSI/ASME  B46.1-1988 3.3.81, j, n—as used in a layup code, the number of repeats
for a ply or group of plies of a material.
3. Terminology 3.3.9 |;—specimen gage length.

3.1 Terminology D 3878 defines terms relating to high- 3-3-10 n—number of specimens.
modulus fibers and their composites. Terminology D 883 3.3.11 P—force applied to test specimen.
defines terms relating to plastics. Terminology E 6 defines 3.3.12 P'—force applied to test specimen at failure.
terms relating to mechanical testing. Terminology E 456 and 3.3.13 P™®*—maximum force before failure.

Practice E 177 define terms relating to statistics. In the event of 3.3.14 s—as used in a layup code, denotes that the preced-
a conflict between terms, Terminology D 3878 shall haveing ply description for the laminate is repeated symetrically
precedence over the other Terminology standards. about its midplane.

3.2 Definitions of Terms Specific to This Standard: 3.3.155,_;,—sample standard deviation.

3.2.1 nominal valug n—a value, existing in name only,  3.3.16 w—specimen width.
assigned to a measurable property for the purpose of conve-3.3.17 x—measured or derived property.
nient designation. Tolerances may be applied to a nominal 3.3.18 x—sample mean (average).
value to define an acceptable range for the property. 3.3.19 e—indicated normal strain from strain transducer.

. 3.2.2 orthotroplc.mateng,l n—a material with a property of 3.3.20 v°*—compressive Poisson’s ratio.

interest that, at a given point, possesses threeT m.utually perpen-3 3 59 o —compressive normal stress.

dicular planes of symmetry defining the principal material
coordinate system for that property.

3.2.3 principal material coordinate system—a coordinate ) i ,
system with axes that are normal to the planes of symmetry that 4-1 A flat strip of material having a constant rectangular
exist within the material. cross section, as shown in the specimen drawings of Figs. 1-4,

3.2.4 reference coordinate system—a coordinate system IS loaded in compression by a shear force acting along the
for laminated composites used to define ply orientations. Ongfps: The shear force is applied via wedge grips in a
of the reference coordinate system axes (normally the Cart&Pecially-designed fixture shown in Figs. 5-7. The influence of
sian x-axis) is designated the reference axis, assigned this wedge grip design on fixture characteristics is discussed in

position, and the ply principal axis of each ply in the laminate®-1- ] . . ]
4.2 To obtain compression test results, the specimen is
inserted into the test fixture which is placed between the
s Annual Book of ASTM Standardéol 14.02. platens of the testing machine and loaded in compression. The
7 A blueprint of the detailed drawing for the construction of the fixture shown in Ultimate compressive stress of the material, as obtained with
Fig. 4 is available at a nominal cost from ASTM International Headquarters, 100this test fixture and specimen, can be obtained from the
23{{1”':?;“&522'15 O Box C700, West Conshohocken, PA 19428-2959. Ordefnaximum force carried before failure. Strain is monitored with
8 Available from American National Standards Institute (ANSI), 25 W. 43rd St., strain or displacement transducers so the stress-strain response

4th Floor, New York, NY 10036. of the material can be determined, from which the ultimate

4. Summary of Test Method
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Notes:

1. Drawing interpretation per ANSI Y14.5M-1982 and ANSI/ASME B46.1-1985.

2. See Section 8 and Table 2 and Table 3 of the test standard for values of required or recommended width, thickness, gage length, tab length and overall length.
3. See test standard for values of material, ply orientation, use of tabs, tab material, tab angle, and tab adhesive.

4. Ply orientation tolerance relative to -A- +0.5°.

FIG. 1 Compression Test Specimen Drawing, (S| with Tabs)

compressive strain, the compressive modulus of elasticitygo-called Celanese compression test fixture previously utilized
Poisson’s ratio in compression, and transition strain can b this test method1).® Earlier versions of this test method
derived. containing full details of the Celanese test method, including
o Test Method D 3410/D 3410M-95, are availaBlénother
5. Significance and Use fixture characteristic that can have a significant effect on test
5.1 This test method is designed to produce compressiveesults is the surface finish of the mating surfaces of the wedge
property data for material specifications, research and devegyrip assembly. Since these surfaces undergo sliding contact

opment, quality assurance, and structural design and analysisiey must be polished, lubricated, and nick-free (11.5.1).
Factors that influence the compressive response and should

therefore be reported include the following: material, methods Note 2—An acceptable level of polish for the surface finish of wedge
of material preparation and layup, specimen stacking sequenc@iP mating surfaces has been found to be one that ranges from 2 to 12
specimen preparation, specimen conditioning, environment gfc"® in- rms with a mean finish of 7 micro in. rms.
testing, specimen alignment and gripping, speed of testing, 6.1.1 The specimen gripping faces of the wedge grips are
time at temperature, void content, and volume percent reintypically roughened in some manner, as required for the
forcement. Properties, in the test direction, that may bearticular application. Examples include serrated (7 to 8
obtained from this test method include: serrations/cm) or thermal-sprayed tungsten carbide particle
5.1.1 Ultimate compressive strength, (100 grit) grip faces (see also 8.3.3).
5.1.2 Ultimate compressive strain, i 6.2 Test Method SensitivitgCompression strength for a
513 Colmpre’sswe' (Imear or chor.d) modulus of elasticity, single material system has been shown to differ when deter-
°.1.4 P0|ss<_)_ns ratlo_ in compression, and mined by different test methods. Such differences can be
5.1.5 Transition strain. attributed to specimen alignment effects, specimen geometry

6. Interferences effects, and fixture effects even though efforts have been made

6.1 Test Fixture Characteristies-This test method trans-
mits force to the specimen via tapered rectangular wedge grips.

The reCtanQUIar wedge g”p design is used_ to eliminate the o gy gface numbers in parentheses refer to the list of references at the end of this
wedge seating problems induced by the conical wedges of thest method.
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Notes:

1. Drawing interpretation per ANSI Y14.5M-1982 and ANSI/ASME B46.1-
1985

2. See Section 8 and Tables 2 and 3 of the test standard for values of
required or recommended width, thickness, gage length, tab length and
overall length.

3. See test standard for values of material, ply orientation, use of tabs,
tab material, tab angle and tab adhesive.

4. Ply orientation tolerance relative to -A- +0.5°

-A- //[ 0.08 J A ] //l 0.08 I 8 ]
- > 625
SEE NOTE 2 —
o
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SEE NOTE 2 | GacE
o In
45°
SEE NOTE 4
—’1 — SEE NOTE 2
SIDES 0.8 \/
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COMPRESSION TEST SPECIMEN WITHOUT TABS
S| VERSION

All Dimensions in mm
FIG. 2 Compression Test Specimen Drawing, (SI without Tabs)

to minimize these effects. Examples of differences in tesfound satisfactory include the following: fracturing a cured
results between various test methods can be found in Refmidirectional laminate near one edge parallel to the fiber
1,2). direction to establish the 0° direction, or laying in small
6.3 Material and Specimen PreparatienCompression filament count tows of contrasting color fiber (aramid in carbon
modulus, and especially ultimate compressive stress, are selaminates and carbon in aramid or glass laminates) parallel to
sitive to poor material fabrication practices, damage inducedhe 0° direction either as part of the prepreg production or as
by improper specimen machining, and lack of control of fiberpart of panel fabrication.
alignment. Fiber alignment relative to the specimen coordinate 6.4 Tabbing and TolerancesThe data resulting from this
axis should be maintained as carefully as possible, although nest method has been shown to be sensitive to the flatness and
standard procedure to ensure this alignment exists. Procedunearallelism of the tabs, so care should be taken to ensure that
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Notes:

1. Drawing interpretation per ANSI Y14.5M-1982 and ANSI/ASME B46.1-1985.

2. See Section 8 and Table 2 and Table 3 of the test standard for values of required or recommended width, thickness, gage length, tab length, and overall length.
3. See test standard for values of material, ply orientation, use of tabs, tab material, tab angle and tab adhesive.

4. Ply orientation tolerance relative to -A- =0.5°.

FIG. 3 Compression Test Specimen Drawing, (Inch-Pound with Tabs)

the specimen tolerance requirements are met. This usually. Apparatus
requires precision grinding of the tab surfaces after bonding 7.1 Micrometers—The micrometer(s) shall use a suitable
them to the specimen. :

6.5 Thickness and Gage Length SelectisThe gage sec- size diameter ball interface on irregular surfaces such as the

tion for this test method is unsupported, resulting in a tradeofpag side of a laminate and a flat anvil interface on machined
in the selection of specimen gage length and the specimefd9es or very smooth tooled surfaces. The accuracy of the
thickness. The gage length must be short enough to be frd@struments shall be suitable for reading to within 1 % of the

from Euler (column) buckling, yet long enough to allow stressSample width and thickness. For typical specimen geometries,

decay to uniaxial compression and to minimize Poisson re@n instrument with an accuracy ¢f2.5 um [-0.0001 in.] is
straint effects as a result of the grips. Minimum thicknessdesirable for thickness measurement, while an instrument with

requirements are provided in 8.2.3. an accuracy oft25 um [=0.001 in.] is desirable for width
6.6 Gripping—A high percentage of grip-induced failures, measurement.
especially when combined with high material data scatter, is an 7.2 Compression Fixture

|n%|c7at§r Otf speAc|_|men gnEplng p_roblt()ems& i 7.2.1 Fixture—The fixture uses rectangular wedges and
[ System AlignmentExcessive bending will cause pre allows for variable width and thickness specimens. A sectional
mature failure, as well as highly inaccurate modulus of . . S
. N .~ 'schematic and photographs of the fixture are shown in Figs.

elasticity determination. Every effort should be made to elimi- ] T .
g—?. Each set of specimen wedge grips fits into a mating set of

nate bending from the test system. Bending may occur for th q hat fits i h a1 dae housing block
following reasons: 1) misaligned (or out-of tolerance) grips or Wedges thatfits into the upper and lower wedge housing bloc

associated fixturing,2) improper installation of specimen, or @ssemblies. By using wedges of different thicknesses, speci-
(3) poor specimen preparation. mens of varying thickness can t_)e tested in tf_ns fixture. As
6.8 Edge Effects in Angle-Ply Laminatesremature fail- indicated in Fig. 5, the wedge grips are sometimes provided
ures and lower stiffnesses are observed due to edge softening\ith slots at the outer ends, to accommodate end bars. The ends
laminates containing off-axis plies. Because of this, theof the specimen can be butted against these bars during grip
strength and modulus for angle-ply laminates can be underescrew tightening, to ensure that an equal length of specimen is
timated. For quasi-isotropic laminates and those containingripped by each pair of wedge grips. These bars can be
even higher percentages of 0° plies, the effect is less. removed prior to the test, or remain in place to provide an
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Notes:

1. Drawing interpretation per ANSI Y14.5M-1982 and ANSI/ASME B46.1-1985.

2. See Section 8 and Table 2 and Table 3 of the test standard for values of required or recommended width, thickness, gage length, tab length, and overall length.
3. See test standard for values of material, ply orientation, use of tabs, tab material, tab angle and tab adhesive.

4. Ply orientation tolerance relative to -A- +0.5°.

FIG. 4 Compression Test Specimen Drawing, (Inch-Pound without Tabs)

(uncontrolled) degree of end-loading to the otherwise shear- 7.3.1 Testing Machine HeadsThe testing machine shall
loaded specimen. These bars also promote equal movementlmiive two loading heads, with at least one movable along the
each of the wedges of a pair during specimen loading, thutesting axis.
reducing induced specimen bending. Typically, the upper 7.3.2 Fixture AttachmenrtTypically the upper portion of
wedge housing block assembly is attached to the uppehe fixture is attached directly to the upper crosshead, and a flat
crosshead of the test machine while the lower wedge housinglaten attached to the lower crosshead is used to support the
block assembly rests on a lower platen. lower portion of the fixture. The platen should be at least 20
7.2.2 Specimen Alignment JigCompression test results mm [0.75 in.] thick. The fixture may be coupled to the testing
generated by this test method are sensitive to the alignment ofiachine with a joint capable of eliminating angular restraint,
the specimen with respect to the longitudinal axis of thesuch as a hemispherical ball on the machine that fits into a
wedges in the test fixture. Specimen alignment can be acconmmemispherical recess.

plished by using an alignment jig or gage block that mechani- N . o )

. . : ) . ote 3—The use of a joint capable of eliminating angular restraint,
cally holds the speplme_n captive OUIS'd.e the fixture hQUS'”Quch as a hemispherical ball, and the use of rigid, parallel crossheads
blocks (as shown in Fig. 8), or by using a custom jig Orshould both be considered for this test metk®H To determine the most
machinist's square for a specimen inserted into wedge gripappropriate test configuration, a test fixture check-out procedure using
already in the fixture housing blocks. Alignment jigs anduntabbed aluminum specimens with back-to-back strain gages can be
procedures other than those described are acceptab]e provid&’formed to determine the effect of attachment configuration on the
they perform the same function. accuracy and repeatability of test results.

7.3 Testing Machine-The testing machine shall be in  7.3.3 Drive Mechanism-The testing machine drive mecha-
conformance with Practices E 4, and shall satisfy the followingnism shall be capable of imparting to the movable head a
requirements: controlled displacement rate with respect to the stationary
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- UPPER HOUSING BLOCK
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FIG. 7 Photograph of Compression Test Fixture

spacer

wedge grip <_specimen pins —\ﬂ»L
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A gage biock of appropriate height would be needed to center the
specimen in the grips.
FIG. 8 Two Examples of Jigs for Specimen Alignment With
Wedge Grips Outside the Fixture Housing Blocks (for Other
Alignment Procedures see 7.2.2)

clamping screws

FIG. 6 Photograph of Compression Test Fixture

head. The displacement rate of the movable head shall be
capable of being regulated as specified in 11.3.

7.3.4 Force Indicator—The testing machine force-sensing the same test, such as when both elastic modulus and ultimate force are
device shall be capable of indicating the total force beingoeing determined, place extreme requirements on the load cell and its
resisted by the test specimen. This device shall be essentialflibration. For some equipment, a special calibration may be required.
fee from ineriia-ag at the specified rate o testing and shaflo some combhatons of materl and load cell simlaeous preison
!ndlcate the .for.ce with an acgurgcy over the force ra’.’ge(s) Ohot be possible, and measurement of modulus and ultiﬁwate compresssivg
'ntere_St of within+1 % of the 'nd'cate_d value, as SpECIfI_ed by stresss may have to be performed in separate tests using a different load
Practices E 4. The force range(s) of interest may be fairly lowtell range for each test.
fort;nor(]julus eval_uagon or much higher for strength evaluation, 7.4 Strain-Indicating Device-Longitudinal strain shall be
or both, as required. simultaneously measured on opposite faces of the specimen to

Note 4—Obtaining precision force data over a large range of interestirallow for a correction as a result of any bending of the
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specimen and to enable detection of Euler (column) bucklingticularly important for a transversely mounted gage used to
Back-to-back strain measurement shall be made for all fiveletermine Poisson’s ratio, as discussed in Note 15.
specimens when the minimum number of specimens allowed 7.4.2 Extensometers-Extensometers shall satisfy, at a
by this test method are tested. If more than five specimens arainimum, Practice E 83, Class B-2 requirements for the strain
to be tested, then a single strain-indicating device may be useadnge of interest, and shall be calibrated over that strain range
for the number of specimens greater than the five, provided thie accordance with Practice E 83. For extremely stiff materials,
total number of specimens are tested in a single test fixture thatr for measurement of transverse strains, the fixed error
remains in the load frame throughout the tests (see Note 5), thatlowed by Class B-2 extensometers may be too large. The
no modifications to the specimens or test procedure are madtensometer shall be essentially free of inertia lag at the
throughout the duration of the tests, and provided the bendingpecified speed of testing.

requirement of 11.9.1 is met for the first five specimens. If 7.5 Conditioning ChamberWhen conditioning materials
these conditions are not met, then all specimens must hia other than ambient laboratory environments, a temperature-/
instrumented with back-to-back devices. When Poisson’s ratimoisture-level controlled environmental conditioning chamber
is to be determined, the specimen shall be instrumented to al$e required that shall be capable of maintaining the required
measure strain in the lateral direction. Strain gages are recomelative temperature to withirc3°C [£5°F] and the required
mended due to the short gage length of the specimen. Attachelative vapor level to withint5 %. Chamber conditions shall
ment of the strain-indicating device to the specimen shall nobe monitored either on an automated continuous basis or on a
cause damage to the specimen surface. manual basis at regular intervals.

7.6 Environmental Test ChambefAn environmental test
chamber is required for test environments other than ambient
testing laboratory conditions. This chamber shall be capable of

7.4.1 Bonded Resistance Strain GageStrain gage selec- maintaining the gage section of the test specimen witt#iC
tion is a compromise based on the procedure and the type 9f-5°F] of the required test temperature during the mechanical
material to be tested. Strain gages should have an active grigst. In addition, the chamber may have to be capable of

length of 3 mm [0.125 in.] or less (1.5 mm [0.063 in.] is maintaining environmental conditions such as fluid exposure or
preferable). Gage calibration certification shall comply withre|ative humidity during the test (see 11.4).

Test Methods E 251. When testing woven fabric laminates,

gage selection should consider the use of an active gage leng®h Sampling and Test Specimens

which is at least as great as the characteristic repeating unit of 8.1 Sampling—Test at least five specimens per test condi-

the weave. Some guidelines on the use of strain gages afon unless valid results can be gained through the use of fewer

composites are presented below with a general discussion &pecimens, such as in the case of a designed experiment. For

the subject in Ref¢4,5). statistically significant data, the procedures outlined in Practice
7.4.1.1 Surface preparation of fiber-reinforced compositeg 122 should be consulted. The method of sampling shall be

in accordance with Practice E 1237 can penetrate the matripeported.

material and cause damage to the reinforcing fibers, resulting

in improber specimen failures. Reinforcing fibers shall not be Note 6—If specimens are to undergo environmental conditioning to
prop P : 9 equilibrium, and are of such type or geometry that the weight change of

exposed or damaged during the surface preparation proce$ge material cannot be properly measured by weighing the specimen itself
Consult the strain gage manufacturer regarding surface prepguch as a tabbed mechanical specimen), then a traveler of the same
ration guidelines and recommended bonding agents for connominal thickness and appropriate size (but without tabs) shall be used to
posites. determine when equilibrium has been reached for the specimens being
7.4.1.2 Select gages having large resistances to redué&gnditioned.
heating effects on low-conductivity materials. Resistances of 8.2 Geometry—The test specimen shall have a constant
350 ohms or higher are preferred. Use the minimum possibleectangular cross section with a specimen width variation of no
gage excitation voltage consistent with the desired accuracy (thore than+1 % and a specimen thickness variation of no
to 2 V is recommended) to further reduce the power consumerhore than=2 %. Specimen geometry requirements are listed
by the gage. Heating of the specimen by the gage may affe@h Table 1, and specimen geometry recommendations are listed
the performance of the material directly, or it may affect thein Table 2. Dimensionally-toleranced specimen drawings for
indicated strain due to a difference between the gage temperbeth tabbed and untabbed forms are shown as examples in
ture compensation factor and the coefficient of thermal expanFigs. 1 and 2 (Sl version) and Figs. 3 and 4 (inch-pound
ion of the specimen material. version). Both the specimen width and thickness shall contain
7.4.1.3 Temperature compensation is recommended whem sufficient number of fibers or yarns to be statistically
testing at Standard Laboratory Atmosphere. Temperature comepresentative of the bulk material, or the material shall not be
pensation is required when testing in non-ambient temperatutested using this test method.
environments. When appropriate, use a traveler specimen 8.2.1 Specimen Width-The nominal specimen width shall
(dummy calibration specimen) with identical layup and strainbe as recommended in Table 2.
gage orientations for thermal strain compensation. 8.2.2 Specimen ThicknessSpecimen thickness, gage
7.4.1.4 Consider the transverse sensitivity of the selecteléngth, and width are related by Eq 1. The lower the expected
strain gage. Consult the strain gage manufacturer for recommodulus and the higher the expected ultimate compressive
mendations on transverse sensitivity corrections. This is pastress, the greater the specimen thickness must be in order to

Note 5—Portions of the test fixture may be removed from the loading
frame as required in Section 11.



A8y D 3410/D 3410M - 03

TABLE 1 Compression Specimen Geometry Requirements increase with increasing specimen thickness and increasing
(Unless Otherwise Noted) E,/G,, ratio (6). For a typical carbon/epoxy specimen
Parameter Requirement (E,=138.6 GPa [20.1 MsilG,,= 4.6 GPa [0.67 Msi], h=2.4

Specimen Requirements: mm [0.05 in.]), a uniform uniaxial compression stress state was
232?; <oecimen lendh ;‘;”ﬁi’:j‘ezeACtangu'af cross section achieved in 2.4 mm [0.094 in.]. This result shows a gage length
Specimes gage |engt% as needed? of 12 mm [0.5 in.] is sufficient to allow stress decay for this
specimen width as needed” material. Referencé4), also presents data suggesting admis-
specimen thickness see Table 3 sible stress decay for a 12-mm [0.5-in.] gage length for both
specimen width tolerance +1 % of width . . . .
specimen thickness tolerance 2 0% of thickness unidirectional boron- and glass-reinforced epoxy. For matrix
Tab Requirements (if used): materials that result in a composite with a hiBlfG,, ratio
Spf;ggﬂee;;zﬁsk“ess variation at +1 % of thickness (such as glass/PTFE,/G,, = 406) this gage length is not long

enough to allow admissible stress decay. The insensitivity of
the shear-loaded type of test specimen to gage length below the
o . critical buckling length has also been shown experimentally in
pre.vent Euler (_column)_ buckling in the.t.est section. A consergeg (8). Recommended specimen gage length is 12 to 25 mm
vative assumption of pinned-end conditions for column buckg 515 1.0 in.] to balance the competing requirements of stress
ling was used in Eq 1 to compensate for beam-column effeCt§ecay length and Euler buckling length. For gage lengths
produced by the bending moments induced by specimen angdnger than 25 mm [1.0 in.], the required specimen thickness
fixture tolerances. The requirement for the use of back—to—bact<8_2_3 and Table 3) may become unreasonable for typical
strain measurements (7.4) provides the final assessment ffring. A tab length of 64 mm [2.5 in.] and resulting overall
specimen stability and quality of test results. Table 3 ShOWT’engths of 140 to 155 mm [5.5 to 6.0 in.] are recommended.
calculations for minimum specimen thickness as a function of 8.3 Use of Tabs-Tabs are not required. The key factor in

prec_ted fn]jodulus ?nd _ultl;nate Colmprer?swl?lzstrzegs ":j ég‘ﬁe selection of specimen tolerances and gripping methods is
irection of force application for gage lengths of 12, 20, an he successful introduction of force into the specimen and the

mm [0.5, 0.75, and 1.0 in.] using an assumed valuégfof 4 ; . P ; .
. ) ; prevention of premature failure due to a significant disconti-
GPa [600 000 psi]@,, can be determined using Test Method nuity. Therefore the need to use tabs, and specification of the

A See Table 2 for recommendations

D 5379/D 5379M). major tab design parameters, shall be determined by the end
h= lg (1) result: acceptable failure mode and location. If acceptable
12PN\ [ E° failure modes occur with reasonable frequency (>50 % of the
0'9069\/<1 TG, )(,:_cu ) tests) then there is no reason to change a given gripping method
(see 11.10).
where: o . _ 8.3.1 Tabs bonded to the specimen are recommended when
E® longitudinal modulus of elasticity, MPa [psi],

testing unidirectional materials in the fiber direction. However

F = ultimate compressive stress, MPa [psi], unidirectional [90} materials, [(90],, or [90/0], laminates
_ thi . ' Jdns jAns

Gy _ throu_gh thlcl_<ness shear m_odulus, MPa [psil, (when j= i) and fabric-based materials can often be success-
= specimen thickness, mm [in.], and fully tested without tabs

Iy = length of gage section, 13 mm [0.50 in.]. :

8.3.2 Tab Geometr-The typical tab configuration is
Note 7—The conservative assumption of pinned-end conditions forshown in Fig. 1 and Fig. 3. Atab bevel angle of 90° (untapered,
column buckling in Eq 1 is based on linear elastic material response. Thgg shown) is recommended. Tab thickness may vary, but is

shear response of commonly used composites is highly nonlinear, anffjommonly 1.5 mm [0.06 in.]. The selection of a tab configu-
inelastic buckling calculations even for clamped-end conditions may no

always vyield higher buckling loads than for the elastic pinned-endr"?mon Fhat c_:an successfully produce a_ gage SeCt'_On ComPres'
condition. The use of back-to-back gages ensures that the thicknesdon failure is dependent upon the specimen material, specimen
selected based on Eq 1 is sufficient to prevent column buckling. Back-toply orientation, and the type of grips being used. For alignment
back strain measurements will also indicate any secondary bending effequrposes, it is essential that the tabs be of matched thicknesses
because of imperfections. and the tab surfaces be parallel.

8.2.3 Overall Specimen Length and Gage Lengihhe 8.3.3 Friction Tabs—Tabs need not always be bonded to the
overall specimen length and gage length shall be determined byaterial under test to be effective in introducing the force into
the tab length and gage length chosen for the specimen. The#iee specimen. Friction tabs, essentially nonbonded tabs held in
requirements are listed in Table 1 and also shown in Figs. 1 anglace by the pressure of the grip, and often used with emery
2. The choice of specimen gage length is a trade-off between@oth or some other light abrasive between the tab and the
length short enough to be free from Euler (column) buckling,coupon, have been successfully employed in some applica-
yet long enough to both allow stress decay to uniform uniaxiations. In specific cases, lightly serrated wedge grips have been
compression and minimize Poisson restraint effects due to theuccessfully used with only emery cloth as the interface
grips(6,7). The distance required for admissible stress decay ibetween the grip and the coupon. However, the abrasive used
a shear-loaded compression specimen has been shown rast be able to withstand significant compressive forces. Some
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TABLE 2 Compression Specimen Geometry Recommendations

Fiber Orientation Width, mm [in.] Gage Length, mm [in.] Tab Length, mm [in.] Overall Length, mm [in.] Tab Thickness, mm [in.]
0°, unidirectional 10 [0.5] 10-25 [0.5-1.0] 65 [2.5] 140-155 [5.5-6.0] 1.5 [0.06]
90°, unidirectional 25 [1.0] 10-25 [0.5-1.0] 65 [2.5] 140-155 [5.5-6.0] 1.5 [0.06]
Specially orthotropic 25 [1.0] 10-25 [0.5-1.0] 65 [2.5] 140-155 [5.5-6.0] 1.5 [0.06]

TABLE 3 Minimum Required Specimen Thickness (mm [in.])

Minimum Required Thickness (mm [in.]) for 10-mm [0.5-in.] Gage Length

Longitudinal Modulus, Expected Compression Strength, F°, MPa [ksi]

GPa [Msi] 300 [50] 600 [100] 900 [150] 1200 [200] 1500 [250] 1800 [300]

25 [5] 1.27 [0.058] 1.89 [0.087] 2.45 [0.114] 3.02 [0.142] 3.64 [0.174] 4.36 [0.214]

50 [7] 1.00 [0.049] 1.33 [0.074] 1.73 [0.096] 2.14 [0.120] 2.58 [0.147] 3.08 [0.180]

75 [10] 1.00 [0.041] 1.09 [0.062] 1.41[0.081] 1.74[0.101] 2.10[0.123] 2.52[0.151]
100 [15] 1.00 [0.040] 1.00 [0.050] 1.22 [0.066] 1.51 [0.082] 1.82 [0.101] 2.18 [0.123]
200 [20] 1.00 [0.040] 1.00 [0.044] 1.00 [0.057] 1.07 [0.071] 1.29 [0.087] 1.54 [0.107]
300 [30] 1.00 [0.040] 1.00 [0.040] 1.00 [0.047] 1.00 [0.058] 1.05 [0.071] 1.26 [0.087]
400 [50] 1.00 [0.040] 1.00 [0.040] 1.00 [0.040] 1.00 [0.045] 1.00 [0.055] 1.09 [0.068]
500 [70] 1.00 [0.040] 1.00 [0.040] 1.00 [0.040] 1.00 [0.040] 1.00 [0.047] 1.00 [0.057]

Minimum Required Thickness (mm [in.]) for 20-mm [0.75-in.] Gage Length

Longitudinal Modulus, Expected Compression Strength, F*, MPa [ksi]

GPa [Msi] 300 [50] 600 [100] 900 [150] 1200 [200] 1500 [250] 1800 [300]
25 [5] 2.53 [0.087] 3.77 [0.131] 4.90 [0.171] 6.04 [0.214] 7.28 [0.262] 8.72 [0.320]
50 [7] 1.79 [0.074] 2.67 [0.111] 3.46 [0.145] 4.27 [0.180] 5.15 [0.221] 6.17 [0.271]
75 [10] 1.46 [0.062] 2.18 [0.092] 2.83[0.121] 3.49 [0.151] 4.21[0.185] 5.04 [0.226]

100 [15] 1.27 [0.050] 1.89 [0.075] 2.45[0.099] 3.02 [0.123] 3.64 [0.151] 4.36 [0.185]

200 [20] 1.00 [0.044] 1.33 [0.065] 1.73 [0.086] 2.14 [0.107] 2.58 [0.131] 3.08 [0.160]

300 [30] 1.00 [0.040] 1.09 [0.053] 1.41[0.070] 1.74 [0.087] 2.10[0.107] 2.52[0.131]

400 [50] 1.00 [0.040] 1.00 [0.041] 1.22 [0.054] 1.51 [0.068] 1.82 [0.083] 2.18 [0.101]

500 [70] 1.00 [0.040] 1.00 [0.040] 1.10 [0.046] 1.35 [0.057] 1.63 [0.070] 1.95 [0.086]
Minimum Required Thickness (mm [in.]) for 25-mm [1.0-in.] Gage Length.
Longitudinal Modulus, Expected Compression Strength, F*¥, MPa [ksi]

GPa [Msi] 300 [50] 600 [100] 900 [150] 1200 [200] 1500 [250] 1800 [300]
25 [5] 3.17 [0.116] 4.72[0.174] 6.12 [0.228] 7.55 [0.285] 9.10 [0.349] 10.91 [0.427]
50 [7] 2.24 [0.098] 3.33 [0.147] 4.33[0.193] 5.34 [0.241] 6.44 [0.295] 7.71 [0.361]
75 [10] 1.83 [0.082] 2.72 [0.123] 3.53 [0.161] 4.36 [0.201] 5.26 [0.247] 6.30 [0.302]

100 [15] 1.58 [0.067] 2.36 [0.101] 3.06 [0.132] 3.77 [0.164] 4.55 [0.201] 5.45 [0.247]
200 [20] 1.12 [0.058] 1.67 [0.087] 2.16 [0.114] 2.67 [0.142] 3.22 [0.174] 3.86 [0.214]
300 [30] 1.00 [0.047] 1.36 [0.071] 1.77 [0.093] 2.18 [0.116] 2.63 [0.142] 3.15 [0.174]
400 [50] 1.00 [0.040] 1.18 [0.055] 1.53[0.072] 1.89 [0.090] 2.28 [0.110] 2.73[0.135]
500 [70] 1.00 [0.040] 1.05 [0.047] 1.37 [0.061] 1.69 [0.076] 2.04 [0.093] 2.44[0.114]

types of emery cloth have been found ineffective in thisbe used when bonding tabs to the material under test. A
application due to disintegration of the abrast¥én alterna-  bondline of uniform thickness is required to minimize induced
tive is to use grip surfaces thermal-sprayed with tungstemending during the test.

carbide particleg9). 8.4 Specimen Preparation
8.3.4 Tab Material—When tabs are used, the most com- g 4 4 pane| Fabrication—Control of fiber alignment is

:g?nr:‘g/rcuesc?dorlnizzrrl?#sat?i;enf:is:i;rs}d(vfl:gcgr?l:)ﬁuusnvag)g\J/l:ﬁ)s i]cr']bgfrhportant. Improper fiber alignment will reduce the measured
poly ’ roperties. Erratic fiber alignment will also increase the coef-

[0790},.s laminate configuration. Tabs bonded to the specime icient of variation. Suggested methods of maintaining fiber

e e e o Segnment re dscussed n Secton 6. The panel preparatr
P ' ethod used shall be reported.

and E-glass fabric tabs have been shown to produce satisfac- . ) L

tory results for unidirectional carbon fiber-reinforced compos- 8-4-2 Machining Methods-Specimen preparation is _ ex-

ites (10). tremely important. The specimens may be molded individually
8.3.5 Adhesive Materia-Any high-elongation (tough) ad- to avoid edge and cutting effects or they may be cut from

hesive system that meets the environmental requirements m&Rnels. If they are cut from panels, precautions shall be taken
to avoid notches, undercuts, rough or uneven surfaces, or

delaminations caused by inappropriate machining methods.
19E-Z Flex Metalite K224 cloth, grit 120-J, or 120 grit D Burtie abrasive screen, Final dimensions should be obtained by precision sawing,

both available from Norton Co., Troy, NY 12181, have been found satisfactory inm_”“ng- or gl’II"Id_II_WQ. Mold or machine edges flat and parallel
this application. Other equivalent types of abrasive should be suitable. within the specified tolerances.

10
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8.4.3 Labeling—Label the specimens so that they will be and report the area as the average of these three determinations
distinct from each other and traceable back to the raw materialp the accuracy in 7.1. Record the average area in units of
and in a manner that will both be unaffected by the test and nann? (in.?).

influence the test. 11.2.5 Apply strain gages (or extensometers) to both faces
of the specimen (see 7.4) as shown in Figs. 1-4.
9. Calibration 11.3 Loading Rate-It is desired to maintain a constant

9.1 The accuracy of all measuring equipment shall havétrain rate in the gage section. If strain control is not available
certified calibrations that are current at the time of use of th@n the testing machine, this may be approximated by repeated

equipment. mo_nito_ring and adjusting of the_ rate of force application o
maintain a nearly constant strain rate, as measured by strain
10. Conditioning transducer response versus time. Select the strain rate so as to

produce failure within 1 to 10 min from the beginning of force

10.1 Standard Conditioning ProcedureCondition in ac- o . . :
cordance with Procedure C of Test Method D 5229/D 5229M_appllcat|on. If the ultimate strain of the material cannot be

reasonably estimated, conduct initial trials using standard
store and test at standard laboratory atmosphere-(323C [73 ; - : :
X . . crosshead speeds until the ultimate strain of the material and
+ 5°F] and 50+ 10 % relative humidity) unless a different P

. . o ) the compliance of the system are known, and the strain rate can
environment is specified as part of the experiment. be adjusted. The suggested standard rates are:
11.3.1 Strain-Controlled Tests-A standard strain rate of
11. Procedure 0.01 mirr®
11.1 Parameters To Be Specified Before Test 11.3.2 Constant Head-Speed Test# standard crosshead
11.1.1 The compression specimen sampling method, spediisplacement of 1.5 mm/min [0.05 in./min].
men type and geometry, and if required, conditioning travelers.

11.1.2 The compressive properties and data reporting for- NoTe 10—Use of wedge grips can cause extreme compliance in the
mat desired system, especially when using compliant tab materials. In some such

cases, actual strain rates 10 to 50 times lower than estimated by crosshead
NoTe 8—Determine specific material property, accuracy, and datsSPeeds have been observed.

reporting requirements prior to test for proper selection of instrumentation 11.4 Test Environmert-Condition the specimen to the de-
and data recording equipment. Estimate operating stress and strain levels™ "

to aid in transducer selection, calibration of equipment, and determinatioﬁ'red, ,mo_'Sture proflle and, if possible, test under the same
of equipment settings. conditioning fluid exposure level. However, cases such as

i . elevated temperature testing of a moist specimen place unre-

11.1.3 The environmental conditioning test parameters. jisic requirements on the capabilities of common testing
11.1.4 If performed, the sampling method, specimen geommgachine environmental chambers. In such cases testing at
etry, and test parameters used to determine density andeyated temperature with no fluid exposure control may be

reinforcement volume. necessary, and moisture loss during mechanical testing may
11.2 General Instructions _ occur. Reducing exposure time in the test chamber can mini-

~ 11.2.1 Report any deviations from this test method, whethepize this loss, although care should be taken to ensure that the

intentional or inadvertent. specimen temperature is at equilibrium. This loss may be

11.2.2 If specific gravity, density, reinforcement volume, orfyrther minimized by increasing the relative humidity in an
void volume are to be reported, then obtain these samples froghcontrolled chamber by hanging wet, coarse fabric inside the
the same panels as the test samples. Specific gravity arghamber, and keeping it moist with a drip bottle placed outside
density may be evaluated by means of Test Methods D 792he chamber. In addition, fixtures may be preheated, tempera-
Volume percent of the constituents may be evaluated by one @fire may be ramped up quickly, and hold time at temperature
the matrix digestion procedures of Test Methods D 3171, Ofimay be minimized before testing. Environmentally conditioned
for certain reinforcement materials such as glaSS and Ceramiqﬁave|ers may be used to measure moisture loss during expo-
by the matrix burn-off technique of Test Method D 2584. Void syre to the test environment. Weigh a traveler before testing
content may be evaluated from the equations of Test Methogn( place it in the test chamber at the same time as the
D 2734 and are applicable to both Test Methods D 2584 andpecimen. Remove the traveler immediately after fracture and

D 3171. N . . reweigh it to determine moisture loss. Record modifications to
11.2.3 Condition the specimens, either before or after straighe test environment.
gaging, as required. Condition travelers if to be used. 11.4.1 Store the specimen in the conditioned environment

Note 9—Gaging before conditioning may impede moisture absorptionutil test time, if the testing area environment is different than
locally underneath the strain gage or the conditioning environment mayhe conditioning environment.
degrade the strain gage adhesive, or both. On the other hand, gaging after11.4.2 Monitor test temperature by placing an appropriate
ponditioning may not be possit.)lle fqr other.rlea.sons, or the gaging aCtiViFYhermocouple within 25 mm [1.0 in.] of the specimen gage
itself may cause loss of conditioning equilibrium. When to gage specisgction, Maintain the temperature of the specimen, and the
mens is left to the individual application and shall be reported. traveler, if one is being used for thermal strain compensation or

11.2.4 Following final specimen machining and any condi-moisture loss evaluation, withitt3°C [=5°F] of the required
tioning, but before the compression testing, determine theondition. Taping thermocouple(s) to the test specimen (and
specimen area &= w X h at three places in the gage section the traveler) is an effective measurement method.

11
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11.5 Fixture Installation 11.6.5 Manually close the upper grips to check specimen
vertical displacement. As with the lower grips, when the upper
grips are closed onto the specimen the entire grip length should
be in contact with the wedge grip faces. If necessary, adjust the
11.5.1 Ensure that the sliding surfaces of the fixture wedgesead position and repeat 11.6.5.
guide rods, and bearings are flat (wedges), polished, lubricated, 11.6.6 Keeping the grips closed onto the specimen, slowly
and nick- and corrosion-free. close the distance between the housing blocks by moving the
11.5.2 Inspect the parallelism of the platens and the condierosshead while watching the force indicator. Stop the cross-
tion of the mating surfaces of the wedge housing blockshead when the specimen begins to take a compressive force.
Correct if needed. The application of a small amount of initial compressive force,
11.5.3 Place the lower wedge housing block on the lowefollowed by immediate removal, may be helpful in seating the
platen. Attach the upper wedge housing block to the uppefixture grips before the test. This preload should be kept to a
crosshead or insert it into the upper wedge housing holdingninimum, in no case more than 5 % of the ultimate force for
fixture, centered over the lower wedge housing block. Whilethe material, and use of the technique shall be recorded in the
the load cell may be connected to either crosshead as requirdest results.
the entire assembly must be centered on the line of action of 11.7 Transducer Installation-If the strain transducer(s)
applied force. other than strain gages are to be used, attach them to the
11.5.4 Move a crosshead to close the distance between tisgecimen at the mid-span, mid-width location. Attach the strain
two housing blocks while guiding the bearing guide rods intorecording instrumentation to the strain gages or other transduc-
the mating bearing of the companion housing block. The loweer(s) on the specimen. Remove any remaining preload and zero
housing block can be fitted with guide rods long enough tahe transducer(s).
allow the rods to remain in the bearings while the wedge/ 11.8 Loading—Apply the force to the fixture at the specified
specimen assembly is loading into and out of the housingate until failure while recording data.
blocks. 11.9 Data Recording—Record force versus strain (or dis-
11.6 Specimen/Insertion placement) continuously or at frequent regular intervals. If a

11.6.1 If necessary, move the testing machine crosshead {gnsition region or initial ply failures are noted, record the
open the distance between the two housing blocks so that boffrce, strain, and mode of damage at such points. If the
11.6.2 If specimen alignment is to be performed with theforce, and the strain (or transducer displacement) at, or as near
grip/specimen assembly outside the fixture housing blocks (sé& POssible to, the moment of failure.
7.2.2), perform this procedure. Place the completed grip/ Note 13—Other valuable data that can be useful in understanding
specimen assembly into the lower housing block and close thesting anomalies and gripping or specimen slipping problems include
distance between the housing blocks as described in 11.6.6.force versus crosshead displacement data and force versus time data.

Note 12—The ends of the wedge grips should be even with each other 11.9.1 A _dlﬁerence in the Stre,SS'Straln_or force'Str‘_"“n ;Iope
following insertion into the housing blocks to avoid inducing a bending from opposite faces of the specimen indicates bending in the
moment that results in premature failure of the specimen at the gripsspecimen. For the elastic property test results to be considered
When using an untabbed specimen, a folded strip of medium-gradealid, percent bending in the specimen shall be less than 10 %
abrasive cloth between the specimen faces and the grip jaws (grit sidgs determined by Eq 2. Determine percent bending at the
toward SF;.ecmae“) maﬁ p{ﬁVide ]f" ”O”ft':]p grip on the \me‘:imef‘ Witthk‘))t‘;f%dpoint of the strain range used for chord modulus calcula-
aw serration damage to the surface of the specimen. When using ta : :
Jspecimens, insert tr?e specimen so that the grr)ip jaws grip the entirge leng n_s (Table 4). The same requ_lremen_t shall be met at faﬂqre
of the tab. strain for the strength and strain-to-failure data to be consid-

) ) ) _ ~ ered valid. This requirement shall be met for all five of the
_ 11.6.3 If the specimen is to be aligned with the wedge gripgpecimens requiring back-to-back strain measurement. If pos-

lower housing assembly so that grip-faces open to allovecorded to aid in the determination of failure mode.

specimen insertion. Place the specimen between the grips such

that the entire grip length will contact the grip faces when

closed. Center th? spgmmen from,5|de to Slde_(see 7.2.2) anG"ABLE 4 Specimen Alignment and Chord Modulus Calculation

then lower the grips, lightly clamping the specimen. Arrange Strain Ranges

any pre-attached transducer lead-wires as required. Longitudinal Strain Range for Chord
11.6.4 If necessary, free the upper wedge grips so that they Modulus Calculation

are in the fully open position. Moving the crosshead, close the S‘a”lggg)'} G End 3%‘33" G =

distance between the housing blocks and guide the upper er€: — — ———

of the specimen into the opening between the upper wedgg, s o T ey oo

. | “Icurve. For materials that fail below 6000 pe, a strain range of 25 to 50 % of ultimate
grips. Stop the head and zero the force on the testing machinie recommended.

Note 11—The following procedure is intended for vertical testing
machines.

Longitudinal Strain
Checkpoint for Bending, pe

12
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€ each of the appropriate failure-mode codes between the paren-

_ e G177
B, = Percent Bending: o te 100 @ theses of the M failure mode. For example, a typical gage-
where: section compression failure for a [90/Q]laminate having
B, = percent bending in specimen, glements o@gled,[Klnk-bandlrjg, and Iongltudln@pllttmg
c = indicated strain from Gage 1 in the middle of the gage section would have a failure mode
F_: = indicated strain from Gage 2: and code of M(AKS)GM. Examples of overall visual specimen

€ave average longitudinal straine{+€,)/2 at the data failures and associated Failure Identification Codes (four
point closest to the strain checkpoint for bending. acceptable and four unacceptable) are shown in Fig. 9.

11.9.2 Rapid divergence of the strain readings on the 11.10.1 Acceptable Failure ModesThe first character of
opposite faces of the specimen, or rapid increase in percettie Failure Identification Code describes the failure mode. All
bending, is indicative of the onset of Euler (column) buckling,of the failure modes in the “First Character” Table of Fig. 9 are
which is not an acceptable compression failure mode for thiscceptable with the exception of end-crushing or Euler buck-
test method. Record any indication of Euler buckling. ling. An Euler buckling failure mode cannot be determined by

11.10 Failure Identification Codes-Record the mode, area, visual inspection of the specimen during or after the test,
and location of failure for each specimen. Choose a standartherefore it must be determined through inspection of the
failure identification code based on the three-part code showstress-strain or force-strain curves when back-to-back strain
in Fig. 9. A multimode failure can be described by including indicating devices are used (see 7.4).

WWW

/ WY 4 4 A 4 A 4

TAT BGM HAT SGV DTT HIT CIT DIT

Acceptable Failure Modes and Areas Unaceptable Failure Modes and Areas
First Character Second Character Third Character

Failure Mode Code Failure Area Code Failure Location Code

Angled A Inside grip/tab I Bottom B

Brooming B At grip/tab A Top T

end-Crushing C Gage G Left L

Delamination D Multiple Areas M Right R

Euler buckling E Tab adhesive T Middle M

tHrough-thickness H Various v Various v

Kink bands K Unknown U Unknown U

Lateral L

Multi-mode M(xyz)

long.-Splitting S

Transverse shear T

eXplosive X

Other [0]

FIG. 9 Compression Test Specimen Three-Part Failure Identification Codes and Overall Specimen Failure Schematics

13
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11.10.2 Acceptable Failure Area-The most desirable fail- chord modulus of elasticity to three significant figures. Also
ure area is the middle of the gage section since the grippingéport the strain range used in the calculation. A graphical
tabbing influence is minimal in this region. Because of theexample of chord modulus is shown in Fig. 10.
short gage length of the specimens in this test method, it is very 12.3.1.1 The recommended strain ranges should only be
likely that the failure location will be near the grip/tab used for materials that do not exhibit a transition region (a
termination region of the gage section. Although not assignificant change in the slope of the stress-strain curve) within
desirable as the middle of the gage section, this is an acceptaliiee recommended strain range. If a transition region occurs
failure area. If a significant fraction (>50 %) of the failures in within the recommended strain range, then a more suitable
a sample population occurs at the grip or tab interfacestrain range should be used and reported.
reexamine the means of force introduction into the specimen.
Factors considered should include the tab alignment, tab
material, tab adhesive, grip type, grip pressure, and gripwhere:
alignment. Any failure that occurs inside the grip/tab portion of gchord

Ehod = Ag/Ae )

chord modulus of elasticity, MPa [psi],

the specimen is unacceptable. Ao difference in applied compressive stress between
. the two strain points of Table 4, MPa [psi], and
12. Calculation Ae = difference in the average compressive strain be-
12.1 Compressive Stress/Ultimate Compressive Stress tween the two strain points of Table 4 (use
Calculate the ultimate compression strength using Eq 3 and absolute strain, not microstrain, nominally
report the results to three significant figures. If the compressive 0.002).
modulus is to be calculated, determine the compressive stress12.3.2 Compressive Modulus of Elasticity (Other
at each required data point using Eq 4. Definitions}—Other definitions of elastic modulus may be
Fou _ pmaya 3) evaluated and reported at the user’s discretion. If such data are
generated and reported, report also the definitions used, the
of = PIA (4)  strain range used, and the results to three significant figures.
: Test Method E 111 provides additional guidance in the deter-
where: e S
FU = compressive strength, MPa [psi], mination of Modulus of Elasticity.
P™® = maximum force before failure, N [Ibf], Note 14—An example of another modulus definition is the secondary
P; = force atith data point, N [Ibf], chord modulus of elasticity for materials that exhibit essentially bilinear
A = cross-sectional area at test section, 3fim¢], and stress-strain behavior. An example of secondary chord modulus is shown
o, = compressive stress as title data point, MPa [psi].  in Fig. 10.

12.2 Compressive Strain and Ultimate Compression 12.4 Compressive Poisson’s Ratio

Strain—If compressive modulus or ultimate compressive strain Note 15—If bonded resistance strain gages are being used, the error
is to be calculated, determine the average compressive strainkipduced by the transverse sensitivity effect on the transverse gage will

each required data point using Eq 5 and 6, respectively an%enerally be much larger for composites than for metals. An accurate
report the results to three significant figures. measurement of Poisson’s ratio requires correction for this effect. Contact

the strain gage manufacturer for information on the use of correction
¢ &t ey factors for transverse sensitivity.

§ =% (5)

2 12.4.1 Compressive Poisson’s Ratio By Chord Methed
Select the appropriate Poisson’s ratio strain range from Table 4.
Determine (by plotting or otherwise) the transverse strain
(strain in the plane of the specimen and perpendicular to the

eiu + eS“

ECu T (6)

where: lied f h of the two longitudinal strai
€° = average compressive strair]im data pc_)int, g, apg IeC torce)ﬁt, at edac OIItI(?[ tv;/r? Ong'}.u d"}a stra:clrélrz;mge
& = gage-1 compressive strainigh data point, g, endpoints (measured parallel to the applied foree)if data
€, = gage-2 compressive straini# data point, g, are not a_valla_bl_e at the exact strain range endp0|nts (as often
€Y = average ultimate compressive straig, [ occurs with digital data), use the closest available data point.
e, = gage-1 ultimate compressive strair, pnd Calculate Poisson’s ratio in the appropriate strain range by Eq
e, = gage-2 ultimate compressive straif, |l 8 and report to three significant figures.

12.3 Compressive Modulus of Elasticity 12.4.1.1 When determining Poisson’s ratio, match the trans-

12.3.1 Compressive Chord Modulus of ElastieitBelect verse strain with the appropriate longitudinal strain. For
the appropriate chord modulus strain range from Table 4instance, match output from a single transverse strain gage
Calculate the compressive chord modulus of elasticity from thevith the output from the single longitudinal gage mounted in
stress-strain data using Eq 7. If data are not available at then adjacent location on the same side of the specimen. If
exact strain range end points (as often occurs with digital datajpack-to-back transverse gages are used, average their output
use the closest available data point. Report the compressiand compare to the average longitudinal strain.
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FIG. 10 Typical Compression Stress-Strain Curves
1° = Ae/Ag (8)  they intersect. Determine to three significant figures the longi-
_ tudinal strain that corresponds to the intersection point and
Y)"cherf' Poisson's ratio record this value as the transition strain. Report also the
Ae; = difference in transverse strain occurring between thenr:eﬂ?_o d of I]:n ear f|th(|f(;Js]§d) and the dstram ranges:o\over Vﬁhlcr
two longitudinal strain points, and the linear fit or chord lines were determined. A graphica
A¢, = difference in longitudinal compressive strain occur- €X@mple of transition strain is shown in Fig. 10.
ring between the two strain points of Table 4 (use 12.6 Statistics—For each series of tests calculate the aver-
absolute strain, not microstrain, nominally either age value, standard deviation and coefficient of variation (in
0.001, 0.002, or 0.005). percent) for each property determined.
12.4.2 Compressive Poisson’s Ratio (Other Definitiehs) 1 0
Other definitions of Poisson’s ratio may be evaluated and i:ﬁ(_zlx) 9)
reported at the user’s discretion. If such data are generated and -
reported, report also the definitions used, the strain range used, (i x - 99
and the results to three significant figures. Test Method E 132 _ 2y (10)
provides additional guidance in the determination of Poisson’s Sh-1 (n=1)
ratio. CV=100X§,_,/X (11)

12.5 Transition Strain—Where applicable, determine the
transition strain from either the bilinear longitudinal stress Where:
versus longitudinal strain curve or the bilinear transverse strain
versus longitudinal strain curve. Create a best linear fit or choro‘é:ﬂ\—/l
line for each of the two linear regions and extend the lines until

sample mean (average),
sample standard deviation,
sample coefficient of variation, in %,
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n = number of specimens, and 13.1.2.2 Measured values will be reported for Fields M4
X; = measured or derived property. and M6. Nominal values are acceptable for Fields M7-M9.
13.1.2.3 The failure identification code will be reported in
13. Report Fields P15 and R64. The failure location is optional in Fields
P14 and R63 since the failure identification code includes this

13.1 The information reported for this test method includes
material identification and mechanical testing data. These dat 13.1.2.4 “Transition strain” is the proaress damage param-
shall be reported in accordance with Guides E 1309 andter .re-co.rded in Fields P58 and Reg \9alues of thegtra?nsition
E 1471. Each data item discussed is identified as belonging tQ . . : : So T
one of the following categories: (ET) Essential for TestSUrain are considered essential for test validity in Fields P59,

- - .~ 'R61, and R62.
validity, (RT) Recommended for Test validity, (EM) Essential X - . . .
for Material traceability, or (O) Optional. The following 13.1.2.5 Statistical parameters for specimen dimensions and

. . . . _hending strain are optional. These include Fields R1-R9 and
gct);manon applies to the use of these documents for reportin 33. The testing summary sub-block is also optional (Fields
13.1.1 Guide E 1309 Identification of Composite Materials R14-R18).
in Computerized Material Property Databases 14. Precision and Bias
13.1.1.1 The consolidation method should be reported as the 14 1 precision—The precision, defined as the degree of

process stage type in Field F8. _ . ~ mutual agreement between individual measurements, cannot
13.1.1.2 The nominal cure cycle is essential for validyet pe estimated because of an insufficient amount of data.
material traceability in one set of process stage conditions iRound-robin data are available in ASTM STP 898

Fields F9-F18. The actual cure cycle is recommended in a 14 2 Bjas—Bias cannot be determined for this test method
second set of process stage conditions in Fields F9-F18. 45 ng acceptable reference standard exists.

13.1.2 Guide E 1434 Development of Standard Data
Records for Computerization of Mechanical Test Data forl5. Keywords

gformation.

High-Modulus Fiber-Reinforced Composite Materials 15.1 composite materials; compressive modulus of elastic-
13.1.2.1 The response for Field H6, Type of Test, is “Com-ity; compressive properties; compressive strength; Poisson’s
pression.” ratio
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