NOTICE: This standard has either been superseded and replaced by a new version or withdrawn.
Contact ASTM International (www.astm.org) for the latest information

[‘IM) Designation: D 5467/D 5467M — 97 <!
il

INTERNATIONAL

Standard Test Method for

Compressive Properties of Unidirectional Polymer Matrix

Composite Materials Using a Sandwich Beam !

This standard is issued under the fixed designation D 5467/D 5467M; 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
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Part H of ASTM’sForm and Style for ASTM Standardsdditionally, the inch-pound values were editorially placed in brackets
instead of parentheses throughout, in accordance with Part H of ASFMie and Style

1. Scope D 792 Test Methods for Density and Specific Gravity (Rela-

1.1 This test method covers the in-plane compressive prop- _tive Density) of Plastics by Displacemént
erties of polymer matrix composite materials reinforced by D 883 Terminology Relating to Plastics _
high-modulus fibers in a sandwich beam configuration. The D 2584 Test Method for Ignition Loss of Cured Reinforced
composite material forms are limited to continuous-fiber com- Resing ) .
posites of unidirectional orientation. This test procedure intro- D 2734 Test Method for Void Content of Reinforced Plas-
duces compressive load into a thin skin bonded to a thick tics® i )
honeycomb core with the compressive load transmitted into the D 3171 Test Method for Constituent Content of Composite

sample by subjecting the beam to four-point bending. Materials' _ _

made from prepreg or similar product forms. Other product of Polymer.Matrix Composite Materials with Unsupported
forms may require deviations from the test method. Gage Section by Shear Loadihg .

1.3 The values stated in either SI units or inch-pound units D 3878 Terminology for Composite Materidls .
are to be regarded separately as standard. Within the text the D 5229/D 5229M Test Method for Moisture Absorption
inch-pounds units are shown in brackets. The values stated in Properties and Equilibrium Conditioning of Polymer Ma-
each system are not exact equivalents; therefore, each system_trix Composite Materiafs _
must be used independently of the other. Combining values E 4 Practices for Force Verification of Testing Machihes
from the two systems may result in nonconformance with the E 6 Terminology Relating to Methods of Mechanical Test-

5
standard. ing
E 111 Test Method for Young's Modulus, Tangent Modulus,
Note 1—Additional procedures for determining compressive proper- and Chord Modulls
ties of polymer matrix composites may be found in Test Methods . . . .
D 3410/D 3410M and D 695. E 1_22 Pracuce_for Calculating Sample Size to Estimate,
_ With a Specified Tolerable Error, the Average for a
1.4 This standard does not purport to address all of the  characteristic of a Lot or Procéss

safety concerns, if any, associated with its use. It is the g 177 practice for Use of the Terms Precision and Bias in
responsibility of the user of this standard to establish appro-  ASTM Test Method®

priate safety and health practices and determine the applica- g 251 Test Methods for Performance Characteristics of
bility of regulatory limitations prior to use. Metallic Bonded Resistance Strain Gagjes

E 456 Terminology Relating to Quality and Statisfics

2. Referenced Documents E 1237 Guide for Installing Bonded Resistance Strain

2.1 ASTM Standards: Gage$
D 695 Test Method for Compressive Properties of Rigid £ 1309 Guide for Idenitification of Fiber-Reinforced
Plastics Polymer-Matrix Composite Materials in Databases

E 1434 Guide for Recording Mechanical Test Data of Fiber-
Reinforced Composite Materials in Databdses

1 This test method is under the jurisdiction of ASTM Committee D30 on
Composite Materials and is the direct responsibility of Subcommittee D30.04 on
Lamina and Laminate Test Methods.
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E 1471 Guide for Identification of Fibers, Fillers, and Coreis referenced relative to the reference axis to define the ply
Materials in Computerized Material Property Databases orientation for that ply.
3.2.5 specially orthotropi¢ adj—a description of an ortho-
3. Terminology tropic material as viewed in its principal material coordinate
3.1 Definitions—Terminology D 3878 defines terms relating System. In laminated composites, a specially orthotropic lami-
to high-modulus fibers and their composites. Terminologynate is a balanced and symmetric laminate of thé9@),s
D 883 defines terms relating to plastics. Terminology E 6family as viewed from the reference coordinate system, such
defines terms relating to mechanical testing. Terminologyhat the membrane-bending coupling terms of the stress-strain
E 456 and Practice E 177 define terms relating to statistics. IFglation are zero.
the event of a conflict between terms, Terminology D 3878 3.2.6 transition strain,e , n—the strain value at the
shall have precedence over the other terminology standardsmid-range of the transition region between the two essentially
3.2 Definitions of Terms Specific to This Standard: linear portions of a bilinear stress-strain or strain-strain curve
3.2.1 nominal valuge n—a value, existing in name only, (a transverse strain-longitudinal strain curve as used for deter-
assigned to a measurable property for the purpose of convéining Poisson’s ratio).
nient designation. Tolerances may be applied to a nominal 3.3 Symbols:
value to define an acceptable range for the property. 3.3.1 a—distance between neutral axes of test and opposite
3.2.2 orthotropic materia) n—a material with a property of facesheets.
interest that, at a given point, possesses three mutually perpen-3.3.2 A—cross-sectional area of test facesheet.
dicular planes of symmetry defining the principal material 3.3.3 CV—sample coefficient of variation, in percent.
coordinate system for that property. 3.3.4 E;—modulus of elasticity of the opposite facesheet in
3.2.3 principal material coordinate system—a coordinate the test direction.
system with axes that are normal to the planes of symmetry that 3.3.5 E—modulus of elasticity of the test facesheet in the
exist within the material. test direction.
3.2.4 reference coordinate system—a coordinate system 3.3.6 F*"—ultimate compressive strength.
for laminated composites used to define ply orientations. One 3.3.7 G,,—through-thickness shear modulus of elasticity.
of the reference coordinate system axes (normally the Carte- 3.3.8 h.—thickness of core.
sian x-axis) is designated the reference axis, assigned a 3.3.9 c°—compressive normal stress.
position, and the ply principal axis of each ply in the laminate
4. Summary of Test Method

4.1 Asandwich beam composed of two facesheets separated
by a relatively deep honeycomb core, as shown in Fig. 1, is

transition

7 Annual Book of ASTM Standardgol 14.01.
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FIG. 1 Longitudinal Compression Sandwich Beam Test Specimen
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loaded in four-point bending. The main component of theedges or very smooth tooled surfaces. The accuracy of the
compression test specimen is the face sheet that is loaded imstruments shall be suitable for reading to within 1 % of the
compression during flexure, with the material direction ofsample width and thickness. For typical specimen geometries,
interest oriented along the length of the beam. The othean instrument with an accuracy af2.5 pm [-0.0001 in.] is
facesheet is of a material and size carefully selected to precludkesirable for thickness measurement, while an instrument with
its influence on the test results. The ultimate compressivan accuracy of+25 pum [=0.001 in.] is desirable for width
strength of the material is determined from the load at whichmeasurement.

the test facesheet of the sandwich beam fails in an acceptable7.2 Compressive Fixture-A fixture of four loading cylin-
compression failure mode. If the specimen strain is monitoredlers or cylindrical supports capable of loading the sandwich
with strain or deflection transducers then the stress-straiheam as shown in Fig. 1. The fixture shall be installed between
response of the material can be determined, from which can ke steel platens of the testing machine. To avoid local crushing
derived the compressive modulus of elasticity for this configu-or failure as a result of stress concentrations under the loading

ration. cylinders, the diameter of loading cylinders may be up to 1.5
times the sandwich thickness, and loading pads may be needed
5. Significance and Use under the loading cylinders (see 11.6).

5.1 This test method is designed to produce membrane /-3 Tésting Machine-The testing machine shall be in
compressive property data for material specifications, researd@nformance with Practices E 4 and shall satisfy the following
and development, quality assurance, and structural design afgduirements: _ _ _
analysis. Factors that influence the compressive response and’-3-1 Testing Machine HeaesThe testing machine shall
should therefore be reported include the following: materialnave two loading heads, with at least one movable along the

methods of material and specimen preparation, specimei§Sting axis. _ _ . .

speed of testing, time at reinforcement. Properties, in the te§iSM shall be capable of imparting to the movable head a
direction, that may be obtained from this test method includeSontrolled displacement rate with respect to the stationary

5.1.1 Ultimate compressive strength, head. The displacement rate of the movable head shall be
5.1.2 Ultimate compressive strain, capable of being regulated as specified in 11.3.
5.1.3 Compressive (linear or chord) modulus of elasticity, /-3-3Load Indicator—The testing machine load-sensing
and device shall be capable of indicating the total load being
5.1.4 Transition strain. carried by the test specimen. This device shall be essentially
free from inertia lag at the specified rate of testing and shall
6. Interferences indicate the load with an accuracy over the load range(s) of

interest of within=1 % of the indicated value, as specified by

Practices E 4. The load range(s) of interest may be fairly low

S'T‘g'e mater.|al system has been shown to.d|ffer when dete'i’or modulus evaluation, much higher for strength evaluation, or
mined by different test methods. Such differences can b oth, as required

attributed to specimen alignment effects, specimen geometry

effects, and fixture effects even though efforts have been madeNote 2—Obtaining precision load data over a large range of interest in

to minimize these effects. the same test, such as when both elastic modulus and ultimate load are
6.2 Material and Specimen PreparatienCompressive being determined, place extreme requirements on the load cell and its

dul d il . t th it alibration. For some equipment, a special calibration may be required.
modulus, and especially compressive strengtn, are Sensitive |l <, me combinations of material and load cell, simultaneous precision

poor material fabrication practices, damage induced by iMmeasurement of both elastic modulus and ultimate strength may not be
proper coupon machining, and lack of control of fiber align-possible, and measurement of modulus and strength may have to be
ment. Fiber alignment relative to the specimen coordinate axigerformed in separate tests using a different load cell range for each test.
should be maintained as carefully as possible, although no 7 4 strain-Indicating Device-Strain data, if required, shall
standard procedure to insure this alignment exists. Procedurgg getermined by means of strain gages.

found satisfactory include the following: fracturing a cured 7 4.1 Bonded Resistance Strain GageStrain gage selec-
unidirectional laminate near one edge parallel to the fibetion js a compromise based on the procedure and the type of
direction to establish the [0] direction or laying in small material to be tested. Strain gages should have an active grid
filament count tows of contrasting color fiber (aramid in carboqength of 3 mm [0.125 in] or less; (1.5 mm [0.06 in.] is
laminates and carbon in aramid or glass laminates) parallel tgreferable). Gage calibration certification shall comply with
the [0] direction either as part of the prepreg production or asest Methods E 251. Some guidelines on the use of strain

6.1 Test Method SensitivitiesCompressive strength for a

part of panel fabrication. _ gages on composites are presented below, with a general
6.3 Calculation—Stress equations are based on beamyiscyssion on the subject in Footnoté 8.
theory. 7.4.1.1 Surface preparation of fiber-reinforced composites

in accordance with Practice E 1237 can penetrate the matrix
7. Apparatus
.7'1 MlcrometerﬁThi mlcrom.eter(sl) Sha”f use a Swtable 8Pendleton, R. P. and Tuttle, M. EManual on Experimental Methods for
size d@meter ba _'mter ace on |rregu.af surraces suc a§ ﬂ‘tﬁechanical Testing of CompositeSociety for Experimental Mechanics, Bethel,
bag-side of a laminate, and a flat anvil interface on machinedr, 1989.
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material and cause damage to the reinforcing fibers, resultingtatistically significant data the procedures outlined in Practice
in improper coupon failures. Reinforcing fibers shall not beE 122 should be consulted. The method of sampling shall be
exposed or damaged during the surface preparation processported.
Consult the strain gage manufacturer regarding surface prepa-8.2 Geometry—The test specimen shall be a rectangular
ration guidelines and recommended bonding agents for conbonded beam as shown in Fig. 1, with a unidirectional
posites. composite test skin. Recommended facesheet and beam core

7.4.1.2 Select gages having larger resistances to reducgometry and material specifications for carbon reinforced
heating effects on low-conductivity materials. Resistances of0],,+ and [90],; test coupons are provided in Table 1. The
3500 or higher are preferred. Use the minimum possible gagéacesheets are bonded to the core using a structural adhesive as
excitation voltage consistent with the desired accuracy (1 to Bescribed in 8.3.1. If unacceptable failure modes for the carbon
V is recommended) to reduce further the power consumed bgeinforced coupons occur, or if alternate reinforcement fibers
the gage. Heating of the coupon by the gage may affect thare to be used (glass, aramid, boron, and so forth), then
performance of the material directly, or it may affect thefacesheet, beam core, and overall specimen geometry shall be
indicated strain as a result of a difference between the gagdesigned to induce compressive failure of the test facesheet.
temperature compensation factor and the coefficient of thermal N . . N

ote 3—If specimens are to undergo environmental conditioning to

expansion of the coupon material. equilibrium, then anothetraveler coupon sized according to boundary
7.4.1.3 Temperature compensation is recommended Whefnditions consistent with one-sided absorption shall be used to determine
testing at Standard Laboratory Atmosphere. Temperature comen equilibrium has been reached for the specimens being conditioned.
pensation is required when testing in nonambient temperaturduggested approaches include using a facesheet two times the test
environments. When appropriate, use a traveler Coupoﬁul:esh.eet thicknes§ or using a facesheet of the same thickness as the test
(dummy calibration coupon) with identical lay-up and strain Skin with foil masking one side.
gage orientations for thermal strain compensation. 8.3 Specimen Preparation
7.4.1.4 Consider the transverse sensitivity of the selected 8.3.1 Panel Fabrication—Individual test specimens may be
strain gage. Consult the strain gage manufacturer for reconfabricated by either preparing sandwich panels larger than the
mendations on transverse sensitivity corrections. individual specimens and machining specimens from these
7.5 Conditioning Chamber~When conditioning materials panels or by bonding facesheets to beam cores that both have
in other than ambient laboratory environments, a temperaturghe final specimen dimensions before bonding. For either
vapor-level controlled environmental conditioning chamber ismethod, prepare the test facesheet by fabricating a unidirec-
required that shall be capable of maintaining the requiredional laminate, with the length of the panel sufficient to
relative temperature to withic3°C [+5°F] and the required accommodate the final specimen length, and panel width large
relative vapor level to within=5 %. Chamber conditions shall enough to allow the desired number of specimens. Prepare a
be monitored either on an automated continuous basis or onsecond laminate for the opposite facesheet as recommended in
manual basis at regular intervals. Table 1 or modified as necessary to induce acceptable com-
7.6 Environmental Test ChamberAn environmental test pressive failure of the test facesheet. Control of fiber alignment
chamber is required for test environments other than ambierng important. Improper fiber alignment will reduce the mea-
testing laboratory conditions. This chamber shall be capable &ured properties. Erratic fiber alignment will also increase the
maintaining the gage section of the test specimen witt8iC  coefficient of variation. Suggested methods of maintaining
[+5°F] of the required test temperature during the mechanicdiber alignment are discussed in 6.2. The panel preparation
test. In addition, the chamber may have to be capable ahethod used shall be reported. Bond the test facesheet laminate
maintaining environmental conditions such as fluid exposure o&ind opposite facesheet laminate to the beam core using a

relative humidity during the test (see 11.4). structural adhesive.
) . 8.3.2 For preparation of test specimens from large sandwich
8. Sampling and Test Specimens panels, machine the sandwich beam panel into specimens of

8.1 Sampling—Test at least five specimens per test condi-dimensions shown in Fig. 1 and Table 1. Care should be taken
tion unless valid results can be gained through the use of feweo avoid damaging the edge of the laminate since the compres-
specimens, such as in the case of a designed experiment. Fgion strength is sensitive to edge damage. Milling of the

TABLE 1 Recommended Nominal Specifications for Carbon Tape Test Facesheets

Dimension [0] [90]
mm [in.] mm [in.]

hy 0.8 [0.03] 1.2 [0.048]
h. 40 [1.5] 13 [0.5]
h, 1.6 [0.06] 1.6 [0.063]
I 200 [8.0] 50 [2.0]
w 25 [1.0] 25 [1.0]
Materials

Core material 3 to 4 mm [¥s in.] hexagonal cell size 3 to 4 mm [¥s in.] hexagonal cell size

Aluminum honeycomb, w/“L” axis in span direction Aluminum honeycomb, w/“L” axis in span direction

Opposite facesheet Same as test facesheet 2024 Aluminum

Core density 368 kg/m?® [23 Ib/ft3] 130 kg/m? [8.1 Ib/ft3]
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