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INTERNATIONAL

Standard Test Method for

Measuring the Curved Beam Strength of a Fiber-Reinforced
Polymer-Matrix Composite *!

This standard is issued under the fixed designation D 6415; 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 epsilonej indicates an editorial change since the last revision or reapproval.

€' Note—Equation 5 was editorially corrected in December 2000.

1. Scope

1.1 This test method determines the curved beam strength of
a continuous fiber-reinforced composite material using a 90°
curved beam specimen (Fig. 1). The curved beam consists of
two straight legs connected by a 90° bend with a 6.4-mm inner
radius. An out-of-plane (through-the-thickness) tensile stress is
produced in the curved region of the specimen when load is
applied. This test method is limited to use with composites
consisting of layers of fabric or layers of unidirectional fibers.

1.2 This test method may also be used to measure the
interlaminar tensile strength if a unidirectional specimen is2-12 mm
used where the fibers run continuously along the legs and
around the bend.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-

priate safety and health practices and determine the applica- E 4 Practices for Force Verification of Testing Machihes

bility of regulatory limitations prior to use. ) ; .
1.4 The values stated in Sl units are to be regarded as E.6 Terminology Relating to Methods of Mechanical Test-

; ) . ing®
standard. The values given in parentheses are provided for : : . .
information purposes only. E 122 Practice for Choice of Sample Size to Estimate a

Measure of Quality for a Lot or Procéss

FIG. 1 Test Specimen Geometry

D 5687/D 5687M Guide for Preparation of Flat Composite
Panels with Processing Guidelines for Specimen Prepara-
tion*

2. Referenced Documents

2.1 ASTM Standards: - . : .
D 883 Terminology Relating to Plastics 3.1 Definitions—Terminology D 3878 defines terms relating

D 2734 Test Methods for Void Content of Reinforced Plas-to high-m(_)dulus fibers an_d their com_posites. '_I'erminology
tics? D 383 defines terms relating to_ plastlcs. Terminology E 6
D 3171 Test Method for Fiber Content of Resin Matrix deﬁngs terms relating to meghamcal testing. In the event of a
Composites by Matrix Digestidn conflict between terms, Terminology D 3878 shall have prece-

. : ; . ; dence over the other standards.
D 3878 Terminology of High-Modulus Reinforcing Fibers I . .
and Their Compositds 3.2 Definitions of Terms Specific to This Standard

D 5229/D 5229M Test Method for Moisture Absorption Note 1—If the term represents a physical quantity, its analytical
Properties and Equilibrium Conditioning of Polymer Ma- dimensions are stated immediately following the term (or letter symbol) in
trix Composite Materials fundamental dimension form, using the following ASTM standard sym-

bology for fundamental dimensions, shown within square bracktk: [
for mass, [] for length, [T] for time, [6] for thermodynamic temperature,
o ) o ) and [nd] _for nqndime_nsional quantities: Use of these symbols is restricted
This test method is under the jurisdiction of ASTM Committee D30 on {4, anajytical dimensions when used with square brackets, as the symbols
gforggzisét Materials and is the direct responsibility of D30.06 on Interlamlnarmay have other definitions when used without the brackets.

Current edition approved May 10, 1999. Published July 1999.

2 Annual Book of ASTM Standardgol 08.01. —_—

2 Annual Book of ASTM Standardgol 08.02. 5 Annual Book of ASTM Standardéol 03.01.

4 Annual Book of ASTM Standardgol 15.03. 8 Annual Book of ASTM Standardgol 14.02.

3. Terminology
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3.2.1 applied moment, M [MET—3, n—the moment applied legs connected by a 90° bend with a 6.4-mm inner radius. The
to the curved test section of the specimen. curved beam is loaded in four-point bending to apply a
3.2.2 curved beam strength, CBS [MI-?], n—the moment  constant bending moment across the curved test section. An
per unit width,M/w, applied to the curved test section which out-of-plane tensile stress is produced in the curved region of
causes a sharp decrease in applied load or delamination(s) tlee specimen to cause the failure.
form.
3.2.3 interlaminar tensile strength, ¥ [ML~T3, n—the - Significance and Use
strength of the composite material in the out-of-plane (through- 5.1 Out-of-plane stress analyses are not easily performed.

the-thickness) direction. Failure criteria are varied and poorly validated. Interlaminar
3.3 Symbols: allowables are not readily available. However, stress analysts
3.3.1 CBS = curved beam strength (see 3.2.2). routinely encounter structural details in which they cannot
3.3.2d,, d, = horizontal and vertical distances between twoignore the out-of-plane loads. This test method is designed to
adjacent top and bottom loading bars, respectively. produce out-of-plane structural failure data for structural de-
3.3.3 D = diameter of the cylindrical loading bars on the sign and analysis, quality assurance, and research and devel-
four-point-bending fixture. opment. For unidirectional specimens, this test method is
3.3.4 E,, E, = moduli in the radial and tangential directions, designed to produce interlaminar tensile strength data. Factors
respectively. that influence the curved beam strength and should therefore be
3.3.5 F* = interlaminar tensile strength (see 3.2.3). reported include the following: material, methods of material
3.3.6 g = parameter used in strength calculation. preparation, methods of processing and specimen fabrication,
3.3.7 I, = distance between the centerlines of the bottormspecimen preparation, specimen conditioning, environment of
loading bars on the four-point-bending fixture. testing, speed of testing, time at temperature, void content, and

3.3.8 1, = distance along the specimen’s leg between therolume percent reinforcement.
centerlines of a top and bottom loading bar.

3.3.91, = distance between the centerlines of the top load®- Interferences
ing bars on the four-point-bending fixture. 6.1 Failure in non-unidirectional specimens may be initiated
3.3.10 M = applied moment (see 3.2.1). from matrix cracks or free edge stresses. Consequently, the
3.3.11 P = total force applied to the four-point-bending interlaminar strength calculated from non-unidirectional speci-
fixture. mens may be in error.
3.3.12 P™ = maximum force applied to the four-point- 6.2 The stress state of a curved beam in four-point bending
bending fixture before failure. is complex. Circumferential tensile stresses are produced along
3.3.13 P, = force applied to the specimen by a single the inner surface, and circumferential compressive stresses are
loading bar. produced on the outer surface. The radial tensile stress ranges
3.3.14r, 6 = cylindrical coordinates of any point in the from zero atthe inner and outer surfaces to a peak in the middle
curved segment. third of the thickness. Consequently, the failure should be

3.3.15r;, r, = inner and outer radii of curved segment.  carefully observed to ensure that a delamination(s) is produced
3.3.16r,, = radial position of the maximum interlaminar across the width before the failure data are used.

(radial) tensile stress. 6.3 Since stresses are nonuniform and the critical stress state
3.3.17t = average thickness of specimen. occurs in a small region, the location of architectural charac-
3.3.18 w = width of the specimen. teristics of the specimen (for example, fabric weave, and tow
3.3.19A = relative displacement between the top andintersections) may affect the curved beam strength.

bottom halves of the four-point-bending fixture. 6.4 Nonlaminated, 3-D reinforced, or textile composites
3.3.20 k = parameter used in strength calculation. may fail by different mechanisms than laminates. The most
3.3.21p = parameter used in strength calculation. critical damage may be in the form of matrix cracking or fiber
3.3.22 ¢ = angle from horizontal of the specimen legs in failure, or both, rather than delaminations.

degrees. 6.5 Material, Fabrication, and Specimen Preparatien

3.3.23 ¢; = angle from horizontal of the specimen legs at Poor material fabrication practices, lack of control of fiber
the start of the test in degrees (OGangle between the legs). alignment, and damage induced by improper coupon machin-
3.3.24 ¢, = radial stress component in curved segment. ing are known causes of high material data scatter in compos-
ites. The curved beam and interlaminar strengths measured
4. Summary of Test Method using this test method are extremely sensitive to fiber volume
4.1 A90° curved-beam test specimen is used to measure tled void content. Consequently, the test results may reflect
curved beam strength of a continuous-fiber-reinforced composnanufacturing quality as much as material properties.
ite material (Fig. 1). The curved beam strength represents the
moment per unit width which causes a delamination(s) to form/- Apparatus
If the curved beam is unidirectional with all fibers running 7.1 Testing Machine-The testing machine shall be in
continuously along the legs and around the bend and aconformance with Practices E 4, and shall satisfy the following
appropriate failure mode is observed, an interlaminar (throughrequirements:
the-thickness) tensile strength may also be calculated. The 7.1.1 Testing Machine HeadsThe testing machine shall
curved beam is uniform thickness and consists of two straighhave both an essentially stationary head and a movable head.
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7.1.2 Drive Mechanism-The testing machine drive mecha- permanent record during the test of load versus displacement.
nism shall be capable of imparting to the movable head @lternatively, the data may be stored digitally and postpro-
controlled velocity with respect to the stationary head. Thecessed.
velocity of the movable head shall be capable of being 7.5 Micrometers—The micrometer(s) shall use a suitable-
regulated in accordance with 11.6. size diameter ball-interface on irregular surfaces such as the

7.1.3 Load Indicator—The testing machine load-sensing bag-side of a laminate, and a flat anvil interface on machined
device shall be capable of indicating the total load beingor very-smooth tooled surfaces. The accuracy of the instru-
carried by the test specimen. This device shall be essentialljents shall be suitable for reading to within 1 % of the sample
free from inertia lag at the specified rate of testing and shalwidth and thickness. For typical specimen geometries, an
indicate the load with an accuracy over the load range(s) ofstrument with an accuracy of25 pm [£0.001 in.] is
interest of within+1 % of the indicated value. desirable for both thickness and width measurements.

7.1.4 Grips—Each head of the testing machine shall have a 7.6 Calipers—The caliper(s) shall use a knife-edge inter-
means to hold half of the four-point-bending fixture firmly in face on the curved surfaces of the specimen and a flat anvil
place. A convenient means of providing an attachment point fointerface on machined or very-smooth tooled surfaces. The
each fixture half is through the use of a metal “T” in each grip.accuracy of the instruments shall be suitable for reading to
The lower part of the “T” is clamped in the grips, and the topwithin 1 % of the sample width and thickness. For typical
part of the “T” provides a flat attachment surface for eachspecimen geometries, an instrument with an accuracy2§
fixture half. pm [+0.001 in.] is desirable for both thickness and width

7.2 Four-Point-Bending Fixture-A four-point-bending test Mmeasurements.
apparatus as shown in Fig. 2 shall be used to load the specimen.

Machine drawings for example fixtures are shown in the8. Sampling and Test Specimens

appendix. Other designs that perform the necessary functions8.1 Sampling—Test at least five specimens per condition
are acceptable. The cylindrical loading bars shall have diamunless valid results can be gained through the use of fewer
eters.D, between 6 and 10 mm and be mounted on rollerspecimens, such as the case of a designed experiment. For
bearings. The horizontal distance between the centers of thaatistically significant data, the procedures outlined in Practice
loading bars shall be 10& 2 mm () for the bottom fixture E 122 should be consulted. Report the method of sampling.
and 75% 2 mm (,) for the top fixture. 8.2 Specimen Lay-upThe laminate shall have a cross

7.3 Displacement Indicater-The relative axial displace- section of constant thickness. The thickness shall be in the
ment between the upper and lower fixtures may be estimated asnge from 2 to 12 mm.
the crosshead travel provided the deformation of the testing 8.2.1 Lay-up to Measure Curved Beam Strengthny
machine and support fixture is less than 2 % of the crosshedgy-up that can be manufactured to the specified dimensions
travel. If not, this displacement shall be obtained from amay be used.
properly calibrated external gage or transducer located betweeng 2.2 |ay-up to Measure Interlaminar StrengtSpecimens
the two fixtures. The displacement indicator shall indicate thehall have a unidirectional lay-up with the fibers running
displacement with an accuracy ofl % of the thickness of the  circumferentially around the curved region. For comparison
specimen. screening of interlaminar strength, a specimen with an appro-

7.4 Load Versus Displacement (P Versiy Record—An  priate number of plies to produce a thickness of #.2.2 mm
X-Y plotter, or similar device, shall be used to make ais suggested.

8.3 Specimen Manufacturirglt is suggested that a male
tool be used for lay-up and cure to obtain a more precise inner
OP radius. A male/female tool combination or a completely en-
closed mold can also be used.

‘ 8.4 Specimen DimensioasSpecimen geometry is shown in
I, A Fig. 1. The specimen shall be 251 mm wide with an inner
/\ radius of 6.4= 0.2 mm (0.25%+ 0.01 in.) at the bend. The

D loading legs shall be a minimum of 50 mm in length and short

/\ (}* enough to prevent contact with the fixture base. The variation

dx in thickness for any given specimen shall not exceed 5 % of the

) y,V dy nominal thickness. The angle between the two loading legs
L shall be 90+ 3°. This angle is often different from 90° because

x, U of specimen “spring back” upon removal from the tool after
curing.
Pp 8.5 Specimen PreparatierFabricate and machine panels
f Iy in accordance with Guide D 5687/D 5687M. The machined
edges of the specimens may be polished as necessary to

provide smooth surfaces to aid visually detecting delamina-

GP tions during the test. Alternatively, the edges in the curved
FIG. 2 Curved Beam in Four-Point Bending region may be coated with a thin white layer such as water
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soluble typewriter correction fluid to aid delamination detec-rate. The displacement rate should be selected so as to produce
tion. Label the coupons so that they will be distinct from eacha failure within 1 to 10 min. Record the load versus displace-
other and traceable back to the raw material, and in a mannenent trace digitally or on arX-Y chart recorder or other
that will both be unaffected by the test and not influence theappropriate recording device.
test. 11.7 As load is increased, the specimen will begin to flex
8.6 Void Content and Fiber VolumeCurved beam strength open. Monitor the edges to determine when delaminations
is very sensitive to void content and fiber volume fraction.form. A brittle white paint may be applied to the specimen
Consequently, the void content and fiber volume shall beedges to aid in detecting matrix cracks or delaminations.
reported. Void content may be determined using the equatiorBelamination formation is typically accompanied by a sharp
of Test Methods D 2734. The fiber volume fraction may bedecrease in load. Typic®&/A curves are shown for a unidirec-
determined using matrix digestion in accordance with Testional specimen (for use in calculating interlaminar strength)
Method D 3171. The samples for testing shall be removed fronand for a multidirectional specimen (for use in calculating

the curved region of the specimen. CB9 in Figs. 3 and 4, respectively.
11.8 Terminate the test after the load has decreased to less
9. Calibration than half of the peak load. Record the load and displacement

9.1 The accuracy of all measuring equipment shall havdor the duration of the test to capture any secondary delami-
certified calibrations that are current at the time of use of thé!ations.
equipment. ]
12. Calculation

10. Conditioning 12.1 Calculate the curved beam strength (moment/width)

10.1 Standard Conditioning ProcedureCondition the from the total loadP, at the first load drop (corresponding to
specimen in accordance with Procedure C of D 5229/D 5229pMhe initial delamination). The interlaminar strength must be
unless other conditioning is specified as part of the experimenfletermined from elasticity equations for a curved beam seg-
Store and test specimens at standard laboratory atmosphere (#§nt with cylindrical anisotropy. Since a force couple acts on
+ 3°C [73 = 5°F] and 50+ 10 % relative humidity). Report each leg, .the test section is in pure bending (that is, force
nonstandard conditioning and nonstandard test environmentéesultant is zero). Consequently, the moment is the only

10.2 Oven Drying—If strength measurements are desired'@quired loading input for the stress equations.
for laminates in an oven-dried condition, use Procedure D of Nore 2—For multidirectional laminated specimens, the use of peak

Test Method D 5229/D 5229M. rather than the total loadP, at the first load drop may be of engineering
interest in calculatin€BSfrom Eq 1, but this deviation should be clearly
11. Procedure noted in the test report.

11.1 Mount the four-point-bending fixture in the testing 12.2 Curved Beam StrengthReferring to Figs. 1 and 2, the
machine. Align the fixture halves such that all loading bars ar@pplied moment on the curved section of the specimen is the
parallel to each another. The distance between centerlines pfoduct of the force exerted by one of the cylindrical loading
the upper and lower loading bars on the right side must béars,P,, and the distancé,, between two bars along a leg (Eq
equal to the distance between the centerlines on the left sidé). Calculate the bar force and distance from the total |®ad,
initially and during the test. Report any deviations from thisat the first load drop (corresponding to the initial delamination)

test method, whether intentional or inadvertent. and the geometries of the loading fixture and test specimen.
11.2 Obtain samples to measure fiber volume and void M Py, p d,
content from the curved region of the specimen panel. CBS=%=-w = <m><m +({D + t)tan(<b)> 1)

11.3 Measure the thickness of each specimen to the neares
0.05 mm (0.002 in.) at several points around the curved regiog
and along each leg. A.knlfe-edge cahpgr must be .us.ed F?norizontal distance between the centerlines of two top and
measure the thickness in the curved region. The variation i

. . : ottom adjacent rollersl£l,)/2, D is the diameter of the
0, t ’
thickness shall not exceed 5% of the nominal thlcknessc lindrical loading bars, antlis the specimen thickness.

Record the average thickness for each leg and for the curve 12.2.1 Sinceb can change significantly during loading, the

region. : :
L value of ¢ at failure can be used to obtain a more accurate
11.4 Measure the angle between the inside surface of t . . .
two legs to calculateb; (0.5% angle between the legs). [\‘?alue of the applied moment. To calculabeduring loading,

11.5 Place the specimen in the fixture making sure that ththe vertical distance,, between the cylindrical loading bars is

specimen is roughly centered between the loading bars. Tn%ﬂglijriegltii?(tgyeilrjgrt;iﬁlenigni'f[ihael \Y:lﬁ'é:%jl(sé)éagi mentpf the

specimen edges shall be perpendicular to the loading bars so

that each of the four loading bars makes contact across the d, = d, tan(d;) + D+t A @)

entire width of the specimen. Because of the geometry of the o v cos(dy)

fixture and specimen, the specimen will center itself between The vertical displacement), is obtained from the stroke

the loading bars when load is applied. output of the test stand or a displacement gage. The initial
11.6 Apply load to the specimen in displacement control atalue of d, is calculated from the initial anglep;, and the

a constant crosshead (or servo-hydraulic ram) displacemefdgading geometry. The initial anglé;, is half the overall angle

tThe curved beam strength is given in Eq 1 whérés the
ngle in degrees of the loading arm from horizontglis the
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FIG. 3 Typical P/A Response for a Unidirectional Specimen

between the loading arms of the specimen prior to testingmoduli in the radial and tangential directiors @ndE,) may

Using trigonometric functions, a value &f can be calculated
for a given value ofd,.
., (—d (D +1t)+d, \/d + d~D* - 2Dt
d>—5|n1< ij§+d§ Y ©)
All other parameters in Eq 3 remain fixed during loading.
12.3 Interlaminar Strength Calculatior-Solutions were

developed by LekhnitsKiifor the stresses in a curved beam

be approximated with the moduli of a flat unidirectional
laminate in the 90 and 0° directions, respectively. The inter-
laminar strength is defined as the maximum radial stress at
failure.

13. Report

13.1 Report the following information, or references point-
ing to other documentation containing this information, to the

segment with cylindrical anisotropy. The radial stress is givern, ovimum extent applicable. (Reporting of items beyond the

by Eq 4 and Eq 5 for a curved beam under pure bendingcontrol of a given testing laboratory

such as might occur with

Because the segment is under pure bending, the stresses g{geria| details or panel fabrication parameters, shall be the

independent of angular position.

k+1 k=1 k=1 k+1

p __CBS 1_i Tm _1-e prtl o : (4

r r(2)g 1_p2|< ro 1_p2|< rm

where:
_1—p2 K (l_pK+1)2+ sz (l_px—l)Z - E _ﬂ
9972 7k F1 1 % k-1 1= “TVEPTH,
(%)
and

1
k=1 k+17=0
- [(1—;) )k + 1)(pro) TK "

(L—p "k =Yg
By using Eq 4 and the curved beam strendiiB§ calcu-

responsibility of the requester):

13.1.1 The revision level or date of issue of this test method.

13.1.2 Any variations to this test method, anomalies noticed
during testing, or equipment problems occurring during testing.

13.1.3 The date(s) and location(s) of the test.

13.1.4 The name(s) of the test operator(s).

13.1.5 Relative humidity and temperature of the testing
laboratory.

13.1.6 Calibration dates and methods for all measurement
and test equipment.

13.1.7 Type of test machine and data acquisition sampling
rate and equipment type.

13.1.8 Displacement transducer placement, if used, and

lated from Eq 1, the maximum radial stress is calculated. Th&ansducer type.

13.1.9 Speed of testing.
13.1.10 Identification of the material tested including: ma-

” Lekhnitskii, S.G.,Anisotropic Plates Gordon and Breach Publishers, New terial specification, material type: material deSignationv manu-

York, 1968, pp. 95-101.

facturer, manufacturer’s lot or batch number, source (if not
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Secondary delamination
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Force, P
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Displacement, A
FIG. 4 Typical P/A Response for a Multidirectional Specimen

from manufacturer), date of certification, expiration of certifi- 13.1.18 Conditioning parameters and results and the proce-
cation, filament diameter, tow or yarn filament count and twistdure used if other than that specified in the test method.
sizing, form or weave, fiber areal weight, matrix type, prepreg 13.1.19 Test Results

matrix content, and prepreg volatiles content. 13.1.19.1 Forcel/displacemer/Q) curves.

13.1.11 Description of the fabrication steps used to prepare 13.1.19.2 Report the number of specimens tested and the
the laminate including: fabrication start date, fabrication endndividual strengths, mean, standard deviation, and coefficient
date, process specification, cure cycle, consolidation methodf variation (standard deviation divided by the mean).
and a description of the tooling used. 13.1.19.3 Any observations on damage characteristics that

13.1.12 Ply orientation stacking sequence of the laminate were made for each specimen.

13:1.13 IMt?tPOd ofhpreparing the t$st spe;:rilméen, including; 4 precision and Bias
spfgrlnjz ginew;%ics)(r:]se?fe sgchs?erz}: Igger;;e(;_ .Include the 14.1 Precision—The data required for the development of a

average thickness of the curved region and each leg as well ggecision statement Is not available for this test method.
9 C 9 9 14.2 Bias—Bias cannot be determined for this test method
the thickness variations.

13.1.15 Fiber volume fraction and void content. Include theas no acceptable reference standard exists.

method used to determine fiber volume fraction and voidl5. Keywords

content. 15.1 composite materials; curved beam; curved beam
13.1.16 Average ply thickness of the material. strength; interlaminar tensile strength; out-of-plane tension;
13.1.17 Results of any nondestructive evaluation tests. through-the-thickness strength
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APPENDIX

(Nonmandatory Information)

X1. BEARING FIXTURES

UPPER BEARING FIXTURE

. |‘ n un
(2 Required) 1.75 1.75
0.501J 0.50" «——1.50" — >»l¢—-1.50"—
0.25" 0.25" = r & _}_]
<>l€ « Drill No.9
I I 0.30 (4 places) ( ) ]
1M I ¢
| | 140" | ]
l o — — ) n
_G | -~ - E =
030" 095" 095" 030"

0.375" Drill Rod

Bearin? - interference
fit into fixture

Attach each pair of fixtures
to flat plate as shown

LOWER BEARING FIXTURE
(2 Required)

Bearing - interference
fit into fixture

0.30" 0.55": 0.55" 0.30"

0.375" Drill Rod i< < < >]‘< >
L ] _
~G&— —G—- ] _ ] L
1.30" (] ¢ "
| | arilllNo.
aces
T T P ) T J - J . —
EREREE —i_ L ! o
0.30" - -
NS 150" 3le 150 >
0.25" 0.25"
<« 1.75" — >e——1.75"
0.50"' 0.50"

Note 1—All fillets are 3.175 mm (0.125 inRR unless noted
FIG. X1.1 Bearing Fixtures
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



