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INTERNATIONAL

Standard Test Method for

Shear Modulus at Room Temperature *

This standard is issued under the fixed designation E 143; 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 epsilonef 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 Note 1—The value of shear modulus may depend on the direction in

. . hich it is measured if the material is not isotropic. Wood, many plastics
1.1 This test method covers the determination of shea nd certain metals are markedly anisotropic. Deviations from isotropy

modulus of structural materials. This test method is limited Oshould be suspected if the shear modutBisdiffers from that determined
materials in which, and to stresses at which, creep is negligiblgy substituting independently measured values of Young’s modius,
compared to the strain produced immediately upon loadingand Poisson’s ratio, p in the relation

Elastic properties such as shear modulus, Young’s modulus, E

and Poisson’s ratio are not determined routinely and are T2+ @
generally not specified in materials specifications. Precision Note 2—In general, it is advisable, in reporting values of shear
and bias statements for these test methods are therefore motdulus to state the stress range over which it is measured.

available. o _ 3.1.2 torque, [FL]—a moment (of forces) that produces or
1.2 Values stated in inch-pound units are to be regarded agnds to produce rotation or torsion.
the standard. S| units are provided for information only. 3.1.3 torsional stres§FL2]—the shear stress in a body, in

~ 1.3 This standard may involve hazardous materials, operaz plane normal to the axis or rotation, resulting from the
tions, and equipment. This standard does not purport toypplication of torque.

address all of the safety concerns, if any, associated with its 3.1 4 angle of twist (torsion test} the angle of relative
use. It is the responsibility of the user of this standard torptation measured in a plane normal to the torsion specimen’s
establish appropriate safety and health practices and deterongitudinal axis over the gage length.

mine the applicability of regulatory limitations prior to use. 3.1.5 For definitions of other terms used in this test method,

2. Referenced Documents refer to Terminology E 6.

2.1 ASTM Standards: 4. Summary of Test Method
E6 ;I'ermmology Relating to Methods of Mechanical Test- 4.1 The cylindrical or tubular test specimen is loaded either
Ing incrementally or continuously by applying an external torque

E 111 Test Method for Young's Modulus, Tangent Modulus, 4.1.1 Changes in torque and the corresponding changes in

and Chord Modulu% _ _ _angle of twist are determined either incrementally or continu-
E 1012 Pgactlce for Specimen Alignment Under Tensilegysly. The appropriate slope is then calculated from the shear
Loading stress-strain curve, which may be derived under conditions of

3. Terminology either increasing or decreasing torque (increasing from pre-
' torque to maximum torque or decreasing from maximum

3.1 Definitions B _ torque to pretorque).
3.1.1 shear modulugFL ?—the ratio of shear stress to

corresponding shear strain below the proportional limit, alsdb. Significance and Use
called torsional modulus and modulus of rigidity. (See Fig. 1.) 5.1 Shear modulus is a material property useful in calculat-
ing compliance of structural materials in torsion provided they
* This test method is under the jurisdiction of ASTM Committee E28 on fﬁ"ow HIQOdke s law, that is, ﬁhe a?gl!]e of tWIS]E |shproport|8nlal to
Mechanical Testing and is the direct responsibility of Subcommittee E28.03 or¥ e applied torque. Examp es of the use of shear modulus are

Elastic Properties.. in the design of rotating shafts and helical compression springs.

Current edition approved Nov. 10, 2002. Published January 2003. Originally . ) ) )
approved in 1959. Last previous edition approved in 2001 as E 143— 01. Note 3—For materials that follow nonlinear elastic stress-strain behav-

2 Annual Book of ASTM Standardgol 03.01. ior, the value of tangent or chord shear modulus is useful for estimating

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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SHEAR STRAIN
FIG. 1 Shear Stress-Strain Diagram Showing a Straight Line, Corresponding to the Shear Modulus, Between R, a Pretorque Stress,

and P, the Proportional Limit

the change in torsional strain to corresponding stress for a specified stresghere:
or stress-range, respectively. Such determinations are, however, outsid@O = outside diameter. and
the scope of this standard. (See for example 3 — ihei ; '

P ( ple @ D, inside diameter.

5.2 The procedural steps and precision of the apparatus and
the test specimens should be appropriate to the shape and the APParatus
material type, since the method applies to a wide variety of 7.1 Testing Machine-The torsion testing machine, which is
materials and sizes. to be used for applying the required torque to the specimen,
5.3 Precise determination of shear modulus depends on tighall be calibrated for the range of torques used in the
numerous variables that may affect such determinations. ~ determination. Corrections may be applied for demonstrated
5.3.1 These factors include characteristics of the specimegystematic errors. The torques should be chosen such as to
such as residual stress, concentricity, wall thickness in the cad¥ing the errorAG in shear modulus, due to errors in torque
of tubes, deviation from nominal value, previous strain historyAT, well within the required accuracy (see 12.3.1).
and specimen dimension. 7.2 Grips—The ends of the specimen shall be gripped
5.3.2 Testing conditions that influence the results includefirmly between the jaws of a testing machine which have been
axial position of the specimen, temperature and temperatur@esigned to produce a state of uniform twist within the gage

variations, and maintenance of the apparatus. length. In the case of tubes, closely fitting rigid plugs, such as
5.3.3 Interpretation of data also influences results. are shown in Fig. 11 (Metal Plugs for Testing Tubular
Specimens) of Test Methods E 8 may be inserted in the ends to
6. General Considerations permit tightening the grips without crushing the specimen. The
6.1 Shear modulus for a specimen of circular cross-sectiofi"iPS shall be such that axial alignment can be obtained and
is given by the equatidn maintained in order to prevent the application of bending
moments. One grip shall be free to move axially to prevent the
G=TULJ8 ) I .
application of axial forces.
where: 7.3 Twist Gages-The angle of twist may be measured by
G = shear modulus of the specimen, two pairs of lightweight but rigid arms, each pair fastened
T = torque, diametrically to a ring attached at three points to the section at
L = gage length, an end of the gage length and at least one diameter removed
J = polar moment of inertia of the section about its center, from the grips. The relative rotational displacement of the two
and sections may be measured by mechanical, optical, or electrical
6 = angle of twist, in radians. means; for example, the displacement of a pointer on one arm
6.1.1 For a solid cylinder relative to a scale on the oth®), or the reflection of a light
J= =D%32 ) beamfrom mirrors or prisms attached to the a(B)sReadings
should be taken for both sets of arms and averaged to eliminate
where: errors due to bending of the specimen (see 12.3.2).
D = diameter. )
6.1.2 For a tube 8. Test Specimens
o 8.1 Selection and Preparation of Specimens
J= —2(03 - D 4) 8.1.1 Specimens shall be chosen from sound, clean material.

Slight imperfections near the surface, such as fissures which
would have negligible effect in determining Young’s modulus,

3The boldface numbers in parentheses refer to a list of references at the end gf]ay (?ause appreuable errors in shear modulus. In the Case. of
this standard. machined specimens care shall be taken to prevent changing

“See any standard text in Mechanics of Materials. the properties of the material at the surface of the specimen.
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8.1.1.1 Specimens in the form of solid cylinders should be
straight and of uniform diameter for a length equal to the gage TWIST GA
length plus two to four diameters (see 12.2.1). LEAST ((:;oSrET T
®
<
L

8.1.1.2 In the case of tubes, the specimen should be straight
and of uniform diameter and wall thickness for a length equal 2 000
to the gage length plus at least four outside diameters (see
12.2.1 and 12.3.2).

8.2 Length—The gage length should be at least four diam- — 200 N.m
eters. The length of the specimen shall be sufficient for a free )
length between grips equal to the gage length plus two to four
diameters, unless otherwise prescribed in the product specifi-
cation. However, the ratio of free length to diameter shall not
be so large that helical twisting of the axis of the specimen
takes place before the determination is completed.

TORQUE, in.~ Ib

9. Procedure 1000

9.1 Measurement of Specimend/leasure diameter to give
an accurate determination of average polar moment of inertia,
J, for the gage length. In addition, in the case of tubular
specimens, determine the average wall thickness at each end
to+ 0.0001 in.* (0.0025 mm). 1

9.1.1 In the case of thin-walled tubes, a survey of thickness !
variation by more sensitive devices, such as a pneumatic or
electric gage, may be needed to determine thicknesses with the
required accuracy. ;

9.2 Alignmemt—Take care to ensure axial alignment of the
specimen. Procedures for alignment are described in detail in 0.0002 0 0.0002 0.0004
Practice E 1012. Although E 1012 is for a SpeCimen under TWIST DEVIATION, RADIANS
tensile loading, it provides guidance for machine setup and FIG. 2 Torque-Deviation Graph
fixturing for other loading regimes.

9.3 Torque and Angle of TwistMake simultaneous mea-
surements of torque and angle of twist and record the data.

9.4 Speed of TestingMaintain the speed of testing high d
enough to make creep negligible.

9.5 Temperature-Record the temperature. Avoid changes
in temperature during the test.

]

100N.m

10.2 The shear modulus may be determined by means of the
eviation graph by fitting graphically a straight line to the
appropriate points. From this line the deviation increment
corresponding to a given torque increment can be read and
substituted in the following equation (from Eq 2 and Eq 5):

10. Interpretation of Results G = AT/JAO = AT/(AT/K + AS/L)J (6)
10.1 For the determination of shear modulus it is oftenynere:

helpful to use a variation of the strain deviation metli4d6), A8 = deviation increment,

frequently used for determining Young's modulus. For this AT = torque increment, and

purpose, a graph (Fig. 2) may be plotted of torquegsus  A@ = increment in angle of twist, in radians per unit length.

deviation from the following equation: 10.3 The best fit of a straight line for the initial linear
3=L(0 — T/K) (5) portion of the curve can be obtained by the method of least

squareq7-9). For this test method, random variations in the

where: data are considered as variations in the angle of teidh

5 = deviation, determining the torque-range for which data should be used in

I(; _ gﬁgilgp?vtvrilét in radians per unit length the_cqlculations it is.helpful to examine the .data using the

T = torque, and ' k deviation graph described in 19.1. Due to pqss!ble small offsets

K = a constant chosen so that T/K is nearly constant at zero torque and small variations in establishing the load path

below the proportional limit in the specimen during the first small increment of torque, the
' ar';aadings at zero torque and the first small increment of torque

The range for which data are used for obtaining the she . . ) . S
modulus may be determined by applying some suitable crite@® typically not included in the calculations and the line is not

rion of departure from a straight line, for example, the Ieasf:Onstralnecj to pass through zero.

count of the twist gage, and examining the deviation graph

with the aid of a sheet of transparent paper on which thredl- R€POrt

parallel lines are drawn with the spacing between them 11.1 Test Specimen Materialdescribe the specimen mate-
equivalent to the least count of the twist gage. rial, alloy, heat treatment, mill batch, number, grain direction,
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as applicable, and any relevant information regarding the AG _ AD @
sample that may have an influenced on its mechanical proper- G D
ties. 12.2.2 According to Egs 2 and Eqs 4 (see 6.1 and 6.1.2) the

11.2 Test Specimen Configurationtaclude a sketch of the  yariations in shear moduluAG due to variations in wall
test specimen configuration of reference to the specimefhicknessAt are given by:
drawing.

11.3 Test Specimen DimensionsState the actual measured % = $ ©)
dimensions for each test specimen. _ . _ _

11.4 Test Fixture—Describe the test fixture or refer to  for a thin-walled tube for whict/D is small compared with

fixture drawings. unity wheret = (D, — D;)/2.

11.5 Testing Machine and Twist Gagednelude the manu- 12.3 Other parameters that may be expected to influence the
facturer, make, model, serial number and load range of thaccuracy of this test method pertain to the testing conditions,
testing machine and twist gages. for example, alignment of the specimen, speed of testing,

11.6 Speed of Testing—Record the test rate and mode of temperature, and errors in torque and twist values.
control. 12.3.1 According to Eq 2 (see 6.1), the error in shear

11.7 Temperature—Record the temperature. modulusAG due to errors in torquaT are given by:

11.8 Stress-Strain Diagram—Torque-Twist Deviation AG AT
Diagram— Include either the stress-strain diagram showing -7 9)

both shear stress and shear strain or the torque-twist deviation . .
diagram showing both torque and twist deviation, with scales, 12.3.2 According to Eq 2 (see 6.1), the error in shear
specimen number, test data, rate and other pertinent inform&0dulusAG due to errors in angle of twiské are given by:

tion. AG A®
11.9 Shear Modulus—+eport the value as described in Sec- G 6 (10)
tion 8 or 10.

The least count of the twist gage should always be smaller
12. Precision and Bias than the minimum acceptable value AB. In general, the

. . ._overall precision that is required in twist data for the determi-
12.1 No interlaboratory test program is currently being

conducted and there is presently no indication of what preCipatlon of shear modulus is of a higher order than that required

. » S of strain data for determinations of most mechanical properties,
sion (repeatability or reproducibility) to expect. Furthermore brop

there are no reference standards. Therefore no estimate of bSUCh as yield streng.th. Itis of the same or.der.of precision as
can be obtained. ' 't required of strain data for the determination of Young's
12.2 Many parameters may be expected to influence thgenOdUIUS (see Method E 111).
accuracy of this test method. Some of these parameters pertaimMore 4—The committee welcomes task group participation in an
to the uniformity of the specimen, for example, its straightnessnterlaboratory study to develop such information if sufficient interest
and eccentricity, the uniformity of its diameter, and, in the caséXists.
of tubes, the uniformity of its wall thickness.
12.2.1 According to Eq 2 and Eq 3 (see 6.1 and 6.1.1), thd3: Keywords
variation in shear moduluAG due to variations in diameter ~ 13.1 shear modulus; stress-strain diagram; torque-twist

AD are given by: diagram
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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).



