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INTERNATIONAL

Standard Test Method for

Determining the Compressive Properties of Polymer Matrix
Composite Laminates Using a Combined Loading
Compression (CLC) Test Fixture *

This standard is issued under the fixed designation D 6641/D 6641M; 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.

! Note—The designation, D 6641/D 6641M, was editorially corrected to be a dual standard in December 2001.

1. Scope bility of regulatory limitations prior to use.

1.1 This tes_tmethod establishe_saprocedure fordetermining_ Referenced Documents
the compressive strength and stiffness properties of polymer
matrix composite materials using a combined loading compres- 2-1 ASTM Standards: _ _ o
sion (CLC)(1)? or comparable test fixture. This test method is D 695 Test Method for Compressive Properties of Rigid
applicable to general flat laminates that are balanced and Plastics _
symmetric and contain at least one 0° ply. The standard D 883 Terminology Relating to Plastits

specimen is untabbed, and, thus, for strength determination, the D 3410/D 3410M Test Method for Compressive Properties
laminate is limited to a maximum of 50% 0° plies, or of Polymer Matrix Composite Materials with Unsupported

equivalent (see 6.4). Gage Section by Shear Loadihg

1.2 The compressive force is introduced into the specimen D 3878 Terminology for Composite Materidls o
by combined end- and shear-loading. In comparison, Test D 5467 Test Method for Compressive Properties of Unidi-
Method D 3410/D 3410M is a pure shear-loading compression ~ 'éctional Polymer Matrix Composites Using a Sandwich
test method and Test Method D 695 is a pure end-loading test _Beant _ _ .
method. D 5687/D 5687M Guide for Preparation of Flat Composite

1.3 Unidirectional (0° ply orientation) composites can be Panels with Processing Guidelines for Specimen Prepara-

. FS . ion®
tested to determine unidirectional composite modulus and tion . o )
Poisson'’s ratio, but not compressive strength. E 4 Practices for Force Verification of Testing Machihes

1.4 The values stated in either SI units or inch-pound units E 6 ;I'ermmology Relating to Methods of Mechanical Test-
are to be regarded separately as standard. Within the test the 'NY _ _ _ _
inch-pound units are shown in brackets. The values stated in E 122 Practice for Calculating Sample Size to Estimate,
each system are not exact equivalents; therefore, each system With & Specified Tolerable Error, the Average for a Char-
must be used independently of the other. Combining values _acteristic of a Lot or Proce$s _
from the two systems may result in nonconformance with the E 132 Test Method for Poisson’s Ratio at Room Tempera-
standard. ture? _ o o

E 177 Practice for Use of the Terms Precision and Bias in
tNOTE f1—A|dditiona| gr_ocedures f_ctJr determikr)lingf thedcc_)mpTrestsi&e |tohrog— ASTM Test Method$
erues o olymer matrix composites ma e Ttouna In les ethoas H : : 1
D 3410/ 24{0M, D o467 andpD e y E 456 Terminology Relating to Quality and Statisfics
_ E 1309 Guide for Identification of Fiber-Reinforced Poly-

1.5 This Standal:d does not p_urpOI’t tO a(.tldreSS all Of the mer Matrix Composite Materia's in Databages
safety concerns, if any, associated with its use. It is the E 1434 Guide for Recording Mechanical Test Data of Fiber-
responsibility of the user of this standard to establish appro-  Reinforced Composite Materials in Databdses
priate safety and health practices and determine the applica- E 1471 Guide for Identification of Fibers, Fillers, and Core

Materials in Computerized Material Property Datab4ses

1 This test method is under the jurisdiction of ASTM Committee D30 on
Composite Materials and is the direct responsibility of Subcommittee D30.04 om——————————

Lamina and Laminate Test Methods. 3 Annual Book of ASTM Standardgol 08.01.
Current edition approved March 10, 2001. Published May 2001. 4 Annual Book of ASTM Standaydéol 15.03.
2 Boldface numbers in parentheses refer to the list of references at the end of this ® Annual Book of ASTM Standardgol 03.01.
test method. ¢ Annual Book of ASTM Standardgol 14.02.
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2.2 ASTM Adjunct:

Combined Loading Compression (CLC) Test Fix-
ture, D 66471

2.3 Other Document§:

ANSI Y14.5-1999, “Dimensioning and Tolerancing—
Includes Inch and Metric”

ANSI B46.1-1995, “Surface Texture (Surface Roughness,
Waviness and Lay)”

3. Terminology

3.1 Definitions—Terminology D 3878 defines terms relating
to high-modulus fibers and their composites. Terminology
D 883 defines terms relating to plastics. Terminology E 6
defines terms relating to mechanical testing. Terminology
E 456 and Practice E 177 define terms relating to statistics. In
the event of a conflict between terms, Terminology D 3878
shall have precedence over the other Terminology standards.

n—number of specimens

P—load carried by test specimen

P —oad carried by test specimen at failure

s—as used in a lay-up code, denotes that the preceding ply
description for the laminate is repeated symmetrically about
its midplane

S,..—sample standard deviation

Vo—volume fraction of 0° plies in laminate

Vgg—Vvolume fraction of 90° plies in laminate

w—specimen gage width

x—sample mean (average)

x—measured or derived property

e—indicated normal strain from strain transducer
e,—laminate axial strain

e,—laminate in-plane transverse strain

€, e,—strain gage readings

3.2 Symbols _ _ _
v,y —Compressive Poisson’s ratio

A—cross-sectional area of specimen in gage section
B,—face-to-face percent bending in specimen
BF—back-out factor

CV—sample coefficient of variation, in percent

4. Summary of Test Method

4.1 Atest fixture such as that shown in Figs. 1 and 2, or any
E°—laminate compressive modulus comparable fixture, can be used to test the untabbed, straight-
Fe“—aminate ultimate compressive strength sided composite specimen of rectangular cross section shown
F*o-pies—COMpressive stress in 0° plies at laminate failureschematically in Fig. 3. A typical specimen is 140 mm [5.5 in.]
F—Euler buckling stress long and 12 mm [0.5 in.] wide, having an unsupported (gage)
G,—through-thickness shear modulus of laminate length of 12 mm [0.5 in.] when installed in the fixture. A gage
G,z—in-plane shear modulus of the 0° plies length between 12 mm and 25 mm [1.0 in.] is acceptable,
Gy3 Gyg—through-thickness shear moduli of the 0° plies  supject to specimen buckling considerations (see 8.2). This
h—specimen thickness 12-mm gage length provides sufficient space to install bonded
I—moment of inertia of specimen cross section strain gages when they are required. The fixture, which
|;—specimen gage length subjects the specimen to combined end- and shear-loading, is

itself loaded in compression between flat platens in a universal
testing machine. Load-strain data are collected until failure
.7A dgtailed drawing for the fabrication of the te;t fixture shown in Figs. 1 and gccurs (or until a Specified strain level is achieved if 0n|y
2 is available from ASTM Headquarters. Order Adjunct No. ADJD6641. Compressive modulus or Poisson’s ratio, or bOth, is to be

8 Available from American National Standards Institute, 25 W. 43rd St., 4th . K .
Floor, New York, N 10036. determined, and not the complete stress-strain curve to failure).

Alignment
Bods n

Henrings Specimen

FIG. 1 Photograph of a Typical Combined Loading Compression (CLC) Test Fixture
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43 mm (1.9 in)

53 m (2.1 in)

64 mn (2.5 in)

//
12.7 mm (0.5 in)
(gage length)

4

f):..-

-

CLAWPING EXTENSOMETER
SCREWS

Note: Using standard ¥s-in. 28 UNF screws, the bolt torque required to test most composite material specimens successfully is typically between 2.5 and 3.0 N-m [20
and 25 in.-Ib.].
FIG. 2 Dimensioned Sketch of a Typical Combined Loading Compression (CLC) Test Fixture

5. Significance and Use test method, it is important that the ends of the specimen be

5.1 This test method is designed to produce compressiv@&}Chi”ed parallel to each qther and perpendicular to.the long
property data for material specifications, research and devefXis of the coupon (see Fig. 3). Improper preparation may
opment, quality assurance, and structural design and analysf&sult in premature end crushing of the specimen during
When specific laminates are tested (primarily of the [9Q/0] !oadl_ng,_excesswe induced bending, or buckling, potentially
family, although other laminates containing a maximum ofinvalidating the test.

50 % 0° plies can be used), the data are frequently used to 6.2 Erroneously low laminate compressive strengths will be
“back out” 0° ply strength, using laminate theory to calculate gproduced as a result of Euler column buckling if the specimen
0° unidirectional lamina strengtfi, 2). Factors that influence IS too thinin relation to the gage length (see 8.2). In such cases,
the compressive response include: type of material, methods #t€ specimen thickness must be increased or the gage length
material preparation and lay-up, specimen stacking sequenc&duced below the minimum gage length required. A practical
specimen preparation, specimen conditioning, environment dfmit on reducing gage length is maintaining adequate space in
testing, speed of testing, time at temperature, void content, anthich to attach strain gages. Bending or buckling, or both, can
volume percent reinforcement. Laminate properties, in the tegtsually only be detected by the use of back-to-back strain
direction, that may be obtained from this test method includega2ges mounted on the faces of the specimen or by examining

5.1.1 Ultimate compressive strength, the specimen failure mod@). Bending and buckling are not
5.1.2 Ultimate compressive strain, visually obvious during the test.
5.1.3 Compressive (linear or chord) modulus of elasticity, 6.3 For a valid test, final failure of the specimen must occur
and within the gage section. Which failure modes are deemed
5.1.4 Poisson’s ratio in compression. acceptable will be governed by the particular material, lami-
nate configuration, and application (see 10.1).
6. Interferences 6.4 Continuous-fiber-reinforced laminates having more than

6.1 Because of partial end loading of the specimen in thi$0 % axially oriented (0°) plies may require higher than
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12 mm
—>> l«—— (0.50in) —>»{ €&—— seeNote2
nominal
A // 10.03 mm (0.001 in) (A
1| 0.03 mm (0.001 in)| B
140 mm
0.3 mm strain strain
(5.50in ___EIL ¢ gage ﬂ ] gage
+0.01in)
A
¥ L [ 0.03 mm (0.001 in) | B | |
B

Notes:

(1) The specimen ends must be parallel to each other within 0.03 mm [0.001 in.] and also perpendicular to the longitudinal axis of the specimen within 0.03 [0.001 in.].

(2) Nominal specimen thickness can be varied, but must be uniform. Thickness irregularities (for example, thickness taper or surface imperfections) shall not exceed
0.03 mm [0.001 in.] across the specimen width or 0.06 mm [0.002 in.] along the specimen length.

(3) The faces of the specimen may be lapped slightly to remove any local surface imperfections and irregularities, thus providing flatter surfaces for more uniform
gripping by the fixture.

FIG. 3 Typical Test Specimen Configuration

acceptable fixture clamping forces to prevent end crushingprevent specimen end crushing, whereas a lower strength
Therefore, such specimens are considered nonstandard. Excesidirectional composite may be successfully tested using
sive clamping forces induce at the ends of the gage sectioacceptable clamping forces. The use of a tabbed specimen to
local stress concentrations that may produce erroneously lomcrease the bearing area at the specimen ends is possible,
strength results (see 9.2.7). although nonstandard, and not desirable as tabs also induce
6.5 If the outermost plies of the laminate are oriented at 0°stress concentrations at the ends of the gage se(tjd). An
the local stress concentrations at the ends of the specimen gagetabbed thickness-tapered specimen, although nonstandard,
section may lead to premature failure of these primary loadhas also been used to test successfully high-strength unidirec-
bearing plies, producing erroneously low laminate strengthional compositeg5).
results. This is particularly true for specimens with low 6.7 In multidirectional laminates, edge effects can affect the
numbers of plies, since then the outer plies represent measured strength and modulus of the laminate.
significant fraction of the total number of pli¢s). ]
6.6 The compressive strength and stifiness properties of- Apparatus and Supplies
other laminate configurations may also be determined using 7.1 Micrometers and CaliperssA micrometer having a
this same untabbed specimen test method, subject to sorsaitable-size diameter ball-interface on irregular surfaces such
limitations (1). One limitation is that the fixture clamping as the bag-side of a laminate, and a flat anvil interface on
forces induced by the applied bolt torques required to successachined edges or very smooth tooled surfaces, shall be used.
fully fail the composite before specimen end crushing must noA caliper of suitable size can also be used on machined edges
induce significant stress concentrations at the ends of the gage very smooth tooled surfaces. The accuracy of these instru-
section(4). Such stress concentrations will degrade the meaments shall be suitable for reading to within 1 % of the sample
sured compressive strength. For example, testing an untabbéhgth, width and thickness. For typical specimen geometries,
high-strength unidirectional composite is likely to be unsuc-an instrument with an accuracy af2.5 pm [£0.0001 in.] is
cessful because of the excessive clamping forces required tesirable for thickness and width measurement, while an
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instrument with an accuracy of-25 um [=0.001 in.] is D 5687M. Specimen dimensions and tolerances must be in

desirable for length measurements. compliance with the requirements of Fig. 3. If axial strain is to
7.2 Torqgue Wrench-Calibrated within the torque range be measured (for example, to monitor specimen bending, to
required. determine the axial compressive modulus, or to obtain a

7.3 Testing Machine-A calibrated testing machine shall be stress-strain curve), two single-element axial strain gages or
used which can be operated at constant crosshead speed osanilar transducers are typically mounted back-to-back on the
the specified range. The test machine mechanism shall Haces of the specimen, in the center of the gage section, as
essentially free from inertial lag at the crosshead speedshown in Fig. 3 (see also Section 10). If in-plane transverse
specified. The machine shall be equipped with an appropriatstrain is also to be measured (for example, to calculate the
load-measuring device (for example, a load cell). The accuracin-plane compressive Poisson’s ratio), an additional single-
of the test machine shall be in accordance with Practices E &lement strain gage oriented in the transverse direction on one

7.4 Environmental ChamberA chamber capable of en- face of the specimen may be used. Alternatively, one or more
closing the test fixture and specimen while they are mounted istrain gage rosettes may be used.
the testing machine, and capable of achieving the specified 8.2.1 Specimen Widtk-The nominal specimen width shall
heating/cooling rates, test temperatures, and environmentge 12 mm [0.50 in.]. However, other widths may be used. For
shall be used when nonambient conditions are required duringxample, the fixture shown in Figs. 1 and 2 can accommodate
testing. specimens up to a maximum width of 30 mm [1.2 in.]. In order

7.5 Compression Fixture-A test fixture such as that shown to maintain a representative volume of material within the gage
in Figs. 1 and 2, or a comparable fixture, shall be used. Theection, specimens narrower than 12 mm [0.50 in.] are not
fixture shown introduces a controllable ratio of end loading totypically used. It is sometimes desirable to use specimens
shear loading into the specimen, by controlling the torquewider than normal, for example, if the material architecture is
applied to the clamping screws. coarse (as for a coarse-weave fabric), again to maintain a

7.6 Strain-Indicating Device-Longitudinal strain shall be representative gage section volume of material being tested.
simultaneously measured on opposite faces of the specimen t08.2.2 Specimen ThicknessAlthough no specific specimen
allow for a correction as a result of any bending of thethickness is required, some limitations exist. The thickness
specimen, and to enable detection of Euler (column) bucklingmust be sufficient to preclude Euler column buckling of the
Back-to-back strain measurement shall be made for all fivepecimen. Eq 1 may be used to estimate the minimum
specimens when the minimum number of specimens allowethickness to be used for strength determinations (see also Test
by this test method are tested. If more than five specimens aiMethod D 3410/D 3410M). As indicated in Eq 1, the minimum
to be tested, then a single strain-indicating device may be usespecimen thickness required depends on a number of factors in
for the number of specimens greater than the five, provided thaddition to gage lengtfi, 4).
total number of specimens are tested in a single test fixture and |
load frame throughout the tests, that no modifications to the h= gl N (1)
specimens or test procedure are made throughout the duration 0.9069\/<1—'G—> <m>
of the tests, and provided the bending requirement (see 10.3 * F
and 10.4) is met for the first five specimens. If these conditionsynere:
are not met, then all specimens must be instrumented with
back-to-back devices. When Poisson’s ratio is to be deterq
mined, the specimen shall be instrumented to measure strain ig
the lateral direction using the same type of transducer. TheE' expected flexural modulus, MPa [psi], and
same type of strain transducer shall be used for all strainG,, through-the-thickness (interlaminar) shear modulus,
measurements on any single coupon. Strain gages are recom- MPa [psi].
mended because of t,he, short_gage Igngth of the Specimen. . 2—Eq 1 is derived from the following expression for the Euler
Attachment of the strain-indicating device to the coupon shallyckiing stress for a pin-ended column of lentifan assumption which

specimen thickness, mm [in.],
length of gage section, mm [in.],
expected ultimate compressive strength, MPa [psi],

not cause damage to the specimen surface. is strictly not valid for the specimen gage lendgh, modified for shear
7.7 Data Acquisition EquipmentEquipment capable of deformation effects. ThE' in Eq 1 and Eq 2 is the flexural modulus of the
recording load and strain data is required. specimen. For the intended purpose, the approximation of using the

compressive modulug® in place of the flexural modulus’ may be valid.

8. Sampling and Test Specimens Eq 1 may be rewritten in the form of Eq(B).
8.1 Sampling—Test at least five specimens per test condi-

tion unless valid results can be gained through the use of fewer

specimens, such as in the case of a designed experiment. For

statistically significant data, the procedures outlined in Practice

E 122 should be consulted. The method of sampling shall beyhere:

reported. Fe,
8.2 Geometry—The test specimen is an untabbed rectangu-A specimen cross-sectional area, frfin.?], and

lar strip of the laminate to be tested, as shown in Fig. 3. A guidel minimum moment of inertia of specimen cross sec-

to preparation of flat composite panels, with processing guide- tion, mnf* [in.4].

lines for specimen preparation, is presented in Guide D 5687/ Eq 2 can be used to estimate the applied stigsson the

=
ST -

2
T+ 1.27 G_xz

@)

predicted Euler buckling stress, MPa [psi],
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test specimen at which Euler buckling is predicted to occur fompplicable specifications or test instructions.
the specific specimen configuration of interest. Practical expe- 9.1.4 Measure the specimen width and thickness to a
rience has shown that Eq 1 and Eq 2 are reliable foprecision of 0.0025 mm [0.0001 in.], recording the average of
conventional carbon fiber/polymer matrix composites, and thathree measurements. The width and thickness measurements
as a general guide, keeping the predicted v&ly®f buckling  shall be made in the gage section of the specimen, taking care
stress at least 20 % above the expected compressive strengthist to measure directly over the strain gage or gage adhesive.
usually sufficieni(1, 4). Other composites may require different Measure the specimen length to a precision of 0.025 mm
percentages. [0.001 in.].

A value of the laminate through-the-thickness (interlaminar) 9.2 Specimen Installation When Using a Fixture of the Type
shear modulus@,,, as required in Eq 1 and 2, may not be Shown in Figs. 1 and:2
available in the form of experimental data. In this case, an 9.2.1 Loosen the screws in both halves of the test fixture
estimate can be made using a simple rule-of-mixtures relatiorsufficiently to accommodate the specimen thickness to be
For example, for a [90/Q] laminate this value can be estimated tested.

using Eq 3(4). 9.2.2 Remove the upper half of the fixture from the lower
Gy, = GyaVo + GoaVeo (3) half. Place the lower half of the fixture on a flat surface with the
alignment rods pointing upward. It is helpful to perform this
where: _ _ i operation on a granite surface plate or similar hard flat surface.
Gi3 Gps = through-the-thickness (interlaminar) shear g2 3 pjace the test specimen in the test fixture. Ensure that

moduli of the 0° plies, MPa [psi] (Note: the end of the specimen is flush with the bottom surface of the
G13= Gy, for a laminate consisting of unidi-  fixtyre and in contact with the flat surface plate while slightly

rectional plies), , tightening the four screws in the lower half of the fixture
Vo = volume fraction of 0° plies, and (“finger tight”)
Voo = volume fraction of 90° plies. ;

9.2.4 Turn the upper half of the fixture upside down and
ace it on the flat surface.

9.2.5 Turn the lower half of the fixture upside down and
sert its alignment rods and the free end of the mounted

Corresponding relations can be derived for laminates OB'
other configurationg4).
In lieu of making such calculations, simply assuming a valuqn

of .GXZ of approximately 4 GF’?‘ [0.60 M.Si] is a _reasonable pecimen into the inverted upper half of the fixture. Make sure
estimate for most polymer matrix composite materials tested 8he end of the specimen is flush with the end of the upper half

roct)_m ttempterature(4). This tar;_d Eq 3 tari offc(ajreq only ast oLthe fixture and in contact with the flat surface plate. If the
estimates, 10 serve as a starting point when designing a teg per half will not slide freely into the lower half, slightly

spec:mez gf akm]at%'al tW ';[/h r?tn UIFKEO\?eriﬁTge ibsﬁ?:en?f" loosen the two screws in the lower half that are closest to the
specimen buckiing must eventually be veriied experimenta ygage section, while restraining the upper half so that it does not

The _specimen can b_e thinne_r it only modulus is b.em.gslide down too far and damage the strain gages or other
determined, as the required applied load may then be S'gn'fl'ransducers if present

cantly lower than the buckling load. . : .
There is no specific upper limit on specimen thickness. On(ﬁX?uféG(faléger;ﬂg’gt;%hten the four screws in the upper half of the

pra_wtical limitation is the increasing difﬁgulty of applying 2 '9.2.7 Place the assembled fixture on its side with the screws
uniform pressure over the ends of a specimen of progresswelgn t.0|.3 Torque all eight of the 6-mm (0.25-in.) diameter screws
larger cross-sectional area. Another is the need to appl ' ' '

: ) . . {0 2.5 to 3.0 N-m [20 to 25 in.-Ib], in three or four approxi-
increasing clamping forces to prevent end crushing as the : . . . .

; . A . . ately equal increments, using a diagonal tightening pattern at
specimen becomes thicker (by maintaining the desired ratio o . . .
. i , . . each end so the fixture surfaces are uniformly clamped against
end loading to shear loading). As discussed in 6.4, the induce,

stress concentrations in the specimen by the test ﬁxturtee surfaces of the test specimen.

increase as the clamping force increases. Note that increasingNote 3—The required torque may vary depending on the type of

the width of the specimen does not alleviate this condition. material and the thickness of the specimen being tested. A torque of 2.5 to
3.0 N-m [20 to 25 in.-Ib] has been found to be sufficient for most materials

9. Procedure of typical specimen thicknesses, for example, 2.0 to 3.0 mm [0.080 to
0.120 in.] thick(1, 4). If the torque is too low for a given configuration,
9.1 Before Test the ends of the specimen may crush. If the torque is excessive, the high

9.1.1 Inspect the test fixture to ensure that it is operatinglamping force will induce detrimental stress concentrations in the
smoothly and that the gripping and loading surfaces are naipecimen at the ends of the gage section and lead to premature failures.
damaged and are free of foreign matter. Any bolt threads and@hus, a torque just sufficient to prevent end crushing should be used. This
fixture threads shall also be clean and lubricated. A powderefi2y require several trials when testing an unfamiliar mz_alterial. However,
graphite lubricant is suggested: oils can spread onto th% has been shown that the acceptable range of torque is very bhad
surfaces of the fixture, promoting the accumulation of debris 9.2.8 Place the assembled fixture between well-aligned,
on them during subsequent testing. fixed (as opposed to spherical-seat) flat platens (platen surfaces

9.1.2 For nonambient temperature testing, preheat or prgsarallel within 0.03 mm [0.001 in.] across the fixture base) in
cool the test chamber as required in the applicable specificdhe testing machine. One fixed and one spherical seat platen
tions or test instructions. can be used as an alternative, but is not the preferred configu-

9.1.3 Condition and store specimens in accordance withation(4). If the platens are not sufficiently hardened, or simply
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to protect the platen surfaces, a hardened plate (with parallelyhere:
surfaces) can be inserted between each end of the fixture ang, = indicated strain from Gage 1 and
the corresponding platen. €, = indicated strain from Gage 2.

9.2.9 If strain gages or other transducers are being used, The sign of the calculated Percent Bending indicates the
attach the lead wires to the data acquisition apparatus. T@irection in which the bending is occurring. This information is
determine the compressive modulus of the laminate, th&iseful in determining if the bending is being induced by a
laminate stress must be measured at two specified strain levegystematic error in the test specimen, testing apparatus, or test
typically 1000 and 3000 microstrain (see 11.2). Often back-toprocedure, rather than by random effects from test to test.
back strain gages are used. If bending of the specimen is 10.4 For the test results to be considered valid, percent
occurring at any strain level, the strains measured on thBending in the specimen shall be less than 10 % as determined
opposite faces of the specimen will not be equal. The averagdy Eq 4. Determine percent bending at the midpoint of the
of these two values is the desired strain since the amount §frain range used for chord modulus calculations (see 11.2).
bending does not affect the average strain. However, just as ibhe same requirement shall be met at the failure strain for the
the discussion of compressive strength (see 10.2), the percefffength and strain-to-failure data to be considered valid. This

bending must be kept to less than 10 % (see also Test Methdgduirement shall be met for all five of the specimens requiring
D 3410/D 3410M). back-to-back strain measurement. If possible, a plot of percent

9.3 Loading—Load the specimen in compression to failure bending versus average strain should be recorded to aid in the

at a nominal rate of 1.3 mm/min [0.05 in./min], while recording dei%rTTaEﬁQ of Lallurte mode. ts of bendi ter th
load, displacement, and strain data. Loading time to failure, =~ " ough extreme amounts of bending (greater than

OnY .
should be 1 to 10 min. If only modulus is being determined,.40 to 50 %) will decrease the measured compressive strength,

0 :
load the specimen approximately 10 % beyond the upper en'(tj ha; bg_en found that as much as 30. t0 40 % bending may have
of the strain range being used to determine modulus. no significant effect on the compressive strength value obtained

. ) . (4). However, the presence of large amounts of bending does
9.4 Data Recording-Record load versus strain (or dis- g,qqest some irregularity in specimen preparation or testing

placement) continuously or at frequent regular intervals. If g, qcequre. Thus, achievement of less than 10 % bending at
transition region or initial ply failures are noted, record thetaj e is required for the test to be considered valid (see also
load, strain, and mode of damage at such points. If theest Method D 3410/D 3410M). The use of back-to-back strain

specimen is to be.falled, record the maximum load, the fa|luregages on the first few specimens of a group (the gages being
load, and the strain (or transducer displacement) at, or as Neggnered within the gage length on the opposite faces of the test

as possible to, the moment of failure. specimen) provides a good indication of the general bending
S response of the group. However, it does not guarantee that all
10. Validation subsequent specimens of the group will fail at an acceptable

10.1 Inspect the tested specimen and note the type arl@vel of bending. The use of back-to-back strain instrumenta-
location of the failure. For valid tests, final failure of the tion on all specimens is the only way of ensuring this.
specimen will occur within the gage section. The failure modeHowever, if the back-to-back strain instrumentation used on a
may be brooming, transverse or through-thickness shear, lofiepresentative sample of the specimens indicates acceptable
gitudinal splitting, or delamination, among possibly otherPercent bending and the absence of Euler buckling (see 7.6),
forms (3). Which failure modes are deemed acceptable will beand the compressive strengths of all specimens tested are
governed by the particular material, laminate configurationSimilar, there is reasonable assurance that bending and buck-
and application. Acceptable failure modes are illustrated in Tedtnd did not influence the resulig).

Method D 3410/D 3410M. Minor end crushing before final .

failure in the gage section sometimes occurs. If this end-l- Calculation

crushing arrests, and a valid gage section failure ultimately is 11.1 Laminate Compressive StrengtCalculate the com-
achieved, end crushing does not invalidate the test. In generdiressive strength of the laminate using Eq 5:

failures that initiate elsewhere within the gripped length do not w P
arrest and hence invalidate the test. B =wh ®)
10.2 The occurrence of Euler buckling invalidates the test.Wher

Euler buckling failures cannot be detected by visual inspection_,,
of the specimen during or after the test. Only the use of
back-to-back strain gages or similar instrumentation provides qu specimen gage width, mm [in.], and

reasonable indication. h specimen gage thickness, mm [in.].

10.3 Although the SpeCimen does not buckle, the induced 11.2 Laminate Compressive ModulasA chord modulus is
bending may be excessive. This can be due to imperfections i be calculated over a range of axial straip,of 2000 to 3000
the test specimen, the test fixture, or the testing procedure. Bgicrostrain and reported to three significant figures. This strain
4 is to be used to calculate percent bending. Additional detailgange is specified to represent the lower half of the stress-strain

laminate compressive strength, MPa [psi],
maximum load to failure, N [Ibf],

nnne

are given in Test Method D 3410/D 3410M. curve. For materials that fall below 6008@,}a strain range of
e 25 to 50 % of ultimate is recommended. However, for some
B, = percent bending= ==X 100 ) materials another range may be more appropriate. Other
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definitions of chord modulus may be evaluated and reported a&nd roll numbers (as applicable), and the laminate configura-
the user’s discretion. If such data are generated and reportetion.

report also the definitions used, the strain range used, and the12.1.2 Method of preparation of the test specimens, includ-
results to three significant figures. Calculate this compressivilmg process cycle(s).

modulus using Eq 6: 12.1.3 Specimen pretest conditioning history.
. P,—P, 12.1.4 Relative humidity and temperature conditions in the
B = o wh (6)  test laboratory.
12.1.5 Identification of test machine, load cell, test fixture,
where: _ _ and data acquisition equipment.
EC compressive modulus, MPa [psi],

load at N Tl 12.1.6 Test parameters, including environment of the test
oad ate,, N [Ibf], and tolerances, dwell time at temperature and tolerances,

= load ate,,, N [Ibf], \
€, = actual strain nearest lower end of strain range used,ﬂxture bolt torques used, and crosshead speed.

€0 actual strain nearest upper end of strain range used, __12.1.7_Dimens_ions Qf each specir_nen to at least three sig-
W specimen gage width, mm [in.], and nificant figures, including gage section width and thickness,
h specimen gage thickness, mm [in.] and overall specimen length.

11.3 Compressive Poisson’s Ratio 12.1.8 Nominal gage length (determined from fixture di-

11.3.1 Compressive Poisson’s Ratio By Chord Methed mensions and nom_inal specimen overall !ength). )
Use the same strain range as for calculating the laminate 12.1.9 Load-strain data for each specimen for each strain
compressive modulus (see 11.2). Determine the transver§@ge used.
strain, €y, at each of the twoe, strain range end points_ 12.1.10 For Strength and modulus tests: failure load, failure
Calculate Poisson’s ratio using Eq 7 and report to thredtrain, calculated ultimate compressive strengtf)(Fand
significant figures. calculated compressive modulus®\EThese values shall be
. reported to at least three significant figures.

vy =~ (6~ epllee—ea) 12.1.11 For modulus only tests: maximum load applied,

Other definitions of Poisson’s ratio may be evaluated andtrain at maximum applied load, and calculated compressive
reported at the user’s discretion. If such data are generated angbdulus (E). These values shall be reported to at least three
reported, report also the definitions used, the strain range usesignificant figures.
and the results to three significant figures. Test Method E 132 12.1.12 Strain range used for modulus calculation.
provides additional guidance in the determination of Poisson’s 12.1.13 Description of failure mode and location (for
ratio. strength tests).

Note 4—If bonded resistance strain gages are being used, the error 12.1.14 Percent bending at strain range midpoint of chord

produced by the transverse sensitivity effect on the transverse gage wimodulus calculation (see 11.2), and at failure (if determined).

generally be much larger for composites than for metals. An accurate 12.1.15 Identification of the facility and individuals per-
measurement of Poisson’s ratio requires correction for this effect. Contagprming the test.
the strain gage manufacturer for information on the use of correction 12.1.16 Date of test

factors for transverse sensitivity. 12.1.17 Any deviations from this test method.

11.4 Statistics—For each series of tests calculate the aver- 12.2 The information reported for this test method includes
age value, standard deviation, and coefficient of variation (ifmechanical testing data; material and laminate identification

percent) for each property determined. data; and fiber, filler, and core material identification data.
R These data shall be reported in accordance with Guides E 1434,
X=5H(2 %) (8)  E 1309, and E 1471, respectively. Each data item discussed is
. identified as belonging to one of the following categories: (VT)
(S (%-%? required for reporting of a valid test result, (VM) required for
S .= =t ©) valid traceability, (RT) recommended for maximum test
-1 n—-1 b .
method traceability, (RM) recommended for maximum mate-
CV=100-§, ,/X (10)  ral traceability, or (O) for optional data items. The following
information applies to the use of these documents for reporting
where: data:
x = sample mean (average), 12.2.1 Guide E 1434
S,.1. = sample standard deviation, 12.2.1.1 The response for Field A5, Type of Test, is “Com-
CV = sample coefficient of variation, % pression.”
n = number of specimens, and 12.2.1.2 Measured values will be reported for Fields F4 and
% = measured or derived property. F5. Nominal values are acceptable for Fields F7 to F9.
12.2.1.3 The failure identification code (in accordance with
12. Report Test Method D 3410/D 3410M) will be reported in Fields H18
12.1 Report the following information, if not previously and K50. The failure location is optional in Fields H17 and
provided: K49 since the failure identification code includes this informa-

12.1.1 Complete identification of the material, including lot tion.
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12.2.1.4 Statistical parameters for specimen dimensiond,3. Precision and Bias
maximum load, maximum transverse strain, and bending strain
are optional. These include Fields K1 to K9, K19 to K21, and
K30 to K34. The testing summary sub-block is also optional
(Fields K14 to K18).

13.1 Precision—The data required for the development of a
precision statement is not available for this test method.
Committee D30 is currently planning a round-robin test series

12.2.2 Guide E 1309 for this tgst me.thod in order to deter_mine precision.
12.2.2.1 The consolidation method should be reported as the 13.2 Bias—Bias cannot be determined for this test method
process stage type in Field E2. as no acceptable reference standard exists.

12.2.2.2 The nominal cure cycle is required for valid mate-
rial traceability in one set of process stage conditions in Fieldl4. Keywords
E4. The actual cure cycle is recommended in a second set of
process stage conditions in Field E4.

12.2.3 Guide E 1471

12.2.3.1 Tow or yarn filament count and filament diamete
should be included as dimension parameters in Field B2.

14.1 combined loading; composite materials; compressive
modulus of elasticity; compressive properties; compressive
rstrength; Poisson’s ratio
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