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—~yl’
INTERNATIONAL
Standard Practice for
. pe . . . . - 1
Verification of Specimen Alignment Under Tensile Loading
This standard is issued under the fixed designation E 1012; 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.
1. Scope 3.2.6 maximum bending strairthe largest value of bend-

1.1 Included in this practice are methods covering thdng strain at the position along the length of the reduced section
determination of the amount of bending that occurs during th&f @ straight unnotched specimen at which bending is mea-
loading of notched and unnotched tensile specimens in théured. (For notched specimens, see 4.9.) _
elastic range and to plastic strains less than 0.002. These3:2.7 notched section-the section perpendicular to the
methods are particularly applicable to the force applicatiofongitudinal axis of symmetry of the specimen where the

uniaxial fatigue testing. order to serve as a stress raiser.

3.2.8 nominal percent bending in notched specimetise

2. Referenced Documents percent bending in a hypothetical (unnotched) specimen of
2.1 ASTM Standards: uniform cross section—equal to the minimum cross section of
E 6 Terminology Relating to Methods of Mechanical Test-the notched specimen, the eccentricity of the applied force in

ing? the hypothetical, and the notched specimens being the same.
(See 11.5.) (This definition is not intended to define strain at
3. Terminology the root of the notch.)

3.1 The terms in Terminology E 6 apply. Other terms used 3.2.9 percent bending-the bending strain times 100 di-
in connection with specimen alignment are defined as followsYided by the axial strain.

3.2 Definitions: 3.2.10 rated force—a force at which the alignment is being

3.2.1 alignment—the condition of a testing machine and measured.
load train (including the test specimen) which influences the 3.2.11reduced sectior-that part of the specimen length
introduction of bending moments into a specimen duringbetween the fillets.
tensile loading.

3.2.2 apparatus—the load-train, strain gages, and other
details of the equipment to be used for testing, excluding the 4.1 It has been shown that bending stresses that inadvert-
test specimen. ently occur due to misalignment between the applied force and

3.2.3 axial strain—the average of the longitudinal strains the specimen axes during tensile forces can affect the test
measured at the surface on opposite sides of the longitudinggSults. In recognition of this effect, some test methods include
axis of symmetry of the specimen by two strain-sensing? Statement I|m|t|ng thg ml_sallgnmen_t which is permitted. The
devices located at the mid-length of the reduced section. ~ Purpose of this practice is to provide a reference for test

3.2.4 bending strain—the difference between the strain at methods and practices that require tensile loading under
the surface and the axial strain (see Fig. 1). In general, theonditions where alignment is important. The objective is to
bending strain varies from point to point around and along thémplement the use of common terminology and methods for
reduced section of the specimen. Bending strain is calculate¢grification of alignment of loading fixtures and test speci-
as shown in Section 11. mens.

3.2.5 eccentricity—the distance between the line of action 4.2 Axiality requirements and verifications should oe-
of the applied force and the axis of symmetry of the specime,ﬁional when testing is performed for acceptance of materials for

in a plane perpendicular to the longitudinal axis of theminimum strgngth and du<_:ti|ity require_ments. T_his is because
specimen. the effects, if any, especially excessive bending, would be

expected to reduce strength and ductility properties and give

conservative results. There may be no benefit from improved
! This practice is under the jurisdiction of ASTM Committee E-28 on Mechanical axiality when testing high ductility materials to determine
Testing and is the direct responsibility of Subcommittee E28.04 on Uniaxial TestingcomcormanCe with minimum properties Whether or not to

Current edition approved August 10, 1999. Published September 1999. Origi- iali hould b f .. b h
nally published as E 1012 — 89. Last previous edition E 1012 — 97. Improve axiality, shou e a matter of negotiation between the

2 Annual Book of ASTM Standardgol 03.01. material producer and the user.

4. Significance and Use

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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Note 1—A bending strain;=B, is superimposed on the axial strai for low-axial strain (or stress) iraf and high-axial strain (or stress) ih)( For
the same bending strainB, a high-percent bending is indicated &) @nd a low-percent bending is indicated by).(
FIG. 1 Schematic Representations of Bending Strains (or Stresses) That May Accompany Uniaxial Loading

5. Verification of Alignment 5.3.2 Verifications of Type T shall be made on the specimen

5.1 For ease of reference in other practices, test methodt) be tested just prior to or during the testing and without
and product specifications, the most commonly used methodgmoving the specimen from the testing machine or making
for verifying alignment are listed in Section 6. any other adjustments that would affect alignment during the

5.2 A numerical requirement for alignment should specifyperiod between verification and testing.

the force, specimen dimensions, and temperature at which theN 3 Maintaini 0 " ) bet -
measurement iS to be made. oTE S—Maintaining a small Torce on the specimen between veririca-

5.2.1 The force at which the bending strain is specified ma;t/Ion and testing is necessary to retain alignment.

be stated in terms of a yield strength or other nominal specimeg ethods of Verification of Alignment
stress.

) _ 6.1 The following methods may be applied to either the
Note 1—For an offset-load train, percent bending decreases wit

increasing applied force. (See Curves A, B, and C in Fig. 2.) However, iglenflcatlon of alignment of the apparatus or during a specific

some instances, percent bending may increase with increasing applid@St- (In general, they are in order of decreasing rigor and cost.)
force. (See Curve D in Fig. 2.) 6.1.1 Method +—The specification measure of alignment is
5.3 Alignment requirements can refer to the apparatus (Typéetermined either at the test conditions (Type A) or during the
A) or to a single test (Type T). Those applied to the testtest (Type T). This requires an array of strain sensors (for
apparatus should be referred to as follows: ASTM Standaréxample, see Fig. 3 and 10.6) at two or more longitudinal
Practice E 1012, Type A, Method (followed by the suitablepositions along the reduced section. The strain sensors or
number from 6.1). Those applied to a specific test should beomponents of the strain sensors must be attached to the
similar with a “T” substituted for the “A.” specimen. Position the strain sensors so as to minimize the
5.3.1 Verifications of Type A shall be made using a speci-portion of the measured strain due to notches or fillets. (If a
men and apparatus made to the same drawing and of the samsecific specimen configuration is required, specify the loca-
materials as those that will be used during testing, except thajon of the strain sensors.)
any specimen notches be eliminated. The same specimen may
be used for successive verifications. The materials and designNote 4—When verifying alignment for apparatus (Type A), bending

should be such that only elastic strains occur at the rated forc¥alues may be considered to vary linearly with temperature at tempera-
tures between those at which alignment was measured.
Note 2—To avoid damage to the verification specimen, the sum of the . . .
axial strain (see section 4.4 ) and the maximum bending strain (see section 6-1.2 Method 2—Identical to Method 1, with the following

4.8 ) should not exceed the elastic limit. exceptions:
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Note 1—Curve A: Machine 1, threaded grip en(dd)
Note 2—Curve B: Machine 2, buttonhead grip end4)
Note 3—Curve C: Machine 3, grips with universal coupling9y
Note 4—Curve D: schematic representation of a possible response from an offset load &jain
FIG. 2 Effects of Applied Force on Percent Bending for Different Testing Machines and Gripping Methods
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Note 1—w equals width of specimen.
Note 2—d equals distance from edge of specimen to centerline of strain sensor.

FIG. 3 Locations of Strain Sensors on Specimens of Rectangular Cross Section (Numbers Indicate Positions of Strain Sensors)

6.1.2.1 An array of strain sensors are centered at the 6.1.2.3 Note 4 does not apply.

mid-length of the reduced section of an unnotched specimen, 1.3 Method 3—Test fixtures, machine, and specimens are

or over the notch of a notched specimen (Note 2 applies). gimensionally inspected for compatibility with good alignment
6.1.2.2 If an extensometer is used on a notched specimelq are examined visually or with suitable instrumentation to

the gage length should be at least 1.5 times the distance froRyiapish that wear, distortion, or other damage do not signifi-

the notch to the nearest fillet, but no closer to the tangent poirganﬂy affect alignment
of the nearest fillet than one-half of the reduced section '
diameter or width.
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Note 5—When there is disagreement over the results of this test, Note 7—When multiple extensometers are used, the strain may be
Methods 1 or 2 for verifying alignment are recommended as the preferredetermined by arithmetically averaging outputs. Electrical outputs are
method. thought to be more accurate and reproducible than mechanical outputs.

7. Apparatus 8. Test Specimen

7.1 The readings from the individual strain sensors shall be 8-1 This practice refers to cylindrical specimens, thick
repeatable at the rated force within 10 % of the permitted€ctangular specimens, and thin rectangular specimens.
bending strain, during five successive force applications made 8-2 This practice is valid for metallic and nonmetallic test
after the first force application without reducing the appliedSPEcIMens. - _ o
force to less than 5 % of the rated force. 8.3 Quality of machining of test specimens is critical, for

7.2 When multiple strain sensors are used as in 6.1.1 angix@mple, straightness, concentricity, flatness, and surface fin-

6.1.2, specimen size limitations may dictate the use of electriS":

cal resistance strain gages rather than extensometers employin@lore 8—Geometry and dimensions of test specimens taken from
mechanical linkages. Strain sensors, such as mechanical, optifferent product forms are described in the Test Specimen section of Test
cal, or electrical extensometers, as well as wire resistance dfethods E 8.

foil strain n provi ful displ men . Th . . L

oil strain gages, can provide useful displacement data 8. Calibration and Standardization

sensitivity of displacement measurement required by an appli- )
cable standard or specification depends on the amount of 9-1 When three or more strain measurements are made at

bending permitted. one or more longitudinal positions, the bending strains are
7.3 For verification by Method 2, a singextensometeof determined from ratios of strain measurements. Consequently,

the nonaveraging type may be used by rotating it to varioudhe absoll_Jt_e_a_lccuracies of the extensometers are not significant.
positions around the perimeter during successive force app"'I_'he sensitivities and reproducibilities of the instruments used
cations and repeating the measurements as described in 10.53¢ Significant. All sensors should be calibrated by the same
general, repeated force applications are not permitted in Typ@€ans (see Method E 83) and correction factors should be
T tests (see 5.3) because they may affect the subsequenﬁ?p“ed' if necessary, to bring their readings into agreement.

measured results.
10. Procedure

Note 6—Repositioning the extensometer around the specimen does not 1 1 Temperature variations during the verification test
usually give highly precise and reproducible resilts, but nevertheless is &, 14 he within the limits specified in the methods or practices
technique which is useful for detecting large amounts of bending. ; . . A

which require the alignment verification.

7.4 For determining maximum bending strain during Type T 10.2 The zero-force reference value of the strain sensors
Tests (see 5.3), the use of three or four separate extensometeruld be measured at a force no greater than approximately
or an extensometer with multiple strain sensors which reads % of that force at which the alignment verification is to be
strain at three or more positions about the perimeter isnade.
recommended. 10.3 To verify the alignment of the testing apparatus,

7.5 In most cases, the strain sensors will reference displaceepeated force applications are necessary. The amount of
ments between points on the specimen surfaces. However, it iending introduced by the load-train depends on the relative
also possible to reference displacements of surfaces attachedgosition of the various components which transmit force to the
the specimen. Such an arrangement might consist of two platespecimen and also on the care with which these parts are
firmly fixed to each end of the gage length of a specimen whichmachined and assembled. Aspects of the test specimen, such as
is free of initial bending. Displacement measurements arstraightness and concentricity, are critical.
made between corresponding pairs of points on these plates.10.4 Repeated force should include assembly and disassem-
Each pair of points is in a plane containing the specimen axibly of the components of the load-train, including the test
and is equally distant from this axis. For specimens of circulaspecimen. Rotation in 90° increments (0°, 90°, 180°, 270°,
cross section, it is recommended that three or four pairs ofepeat 0°) are recommended for a systematic study of the
points be used. A suitable extensometer may then be used éffects of rotational position of components of the load-train.
measure the displacement of the pairs of points as force i€alculate the bending value for each combination of the
applied to the specimen. The strain at the specimen surface somponents of the load-train. The maximum value should not
the plane containing the pairs of points may, for smallexceed the specified values in the standard practices, testing
displacements, be taken equal to the strain computed at thmethods, or material specifications.
measurement points multiplied by the ratio of the distance 10.5 When using a single, nonaveraging extensometer to
between the specimen applied force axis and the specimevaluate apparatus (Type A), move the extensometer from one
surface to the distance from this axis to the measuremerside of the specimen to the opposite at the rated force, then
points. An apparatus that measures displacements at pointstate 90° at the lower force limit (see 10.2), and repeat the
external to the specimen surfaces should be qualified bprocess. Calculate a bending value from the four readings, that
showing that the bending strains calculated from these meas, the readings from two applications of force and two
surements agree with those calculated from strains measureemovals of force. Remove the specimen from the grips, and
directly on the specimen surface using the same application gépeat the loading force application sequence for systematic
force. rotations of the components of the load-train as described in
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10.3. The largest bending strain resulting from this procedurgyhere:
should not exceed the values permitted by the standar®®@ = maximum bending strain.
ractices, testing methods or material specifications. B
P 10.6 Locationgof Strain Sensors P PB= (B/a) X 100 ®

10.6.1 Cylindrical Specimens-To measure strain, place the
strain sensors at equally spaced positions around the circumahere:
ference of specimens of circular cross section. PB = percent bending.

10.6.2 Thick Rectangular Specimenrdf the specimen is of 11.1.2 Cylindrical Specimens, Four Strain SensefSor
sufficient thickness, to measure strain, place the four straifour strains gages or extensometers, equally spaced around the
sensors at the center of each side of the specimens of tlircumference of specimens of circular cross section, see the
rectangular cross section (see Positions 1 through 4 in Fig. 3apllowing equations:

10.6.3 Thin Rectangular Specimensf the specimen thick- axial straina = (e, + &, + & + e,)/4 )
ness is not sufficient, then place the four strain sensors on

opposite sides of the wide faces, near the edges, and equidistant .
from them (see Positions 5 through 8 in Fig. 3b). wheree,, e,, €;, ande, are the measured strains at the four

10.6.4 If eight strain gages are used for determination 0|=ocations and the subscript indicates the order around the

maximum bending strain, place the gages opposing each othgPecimen.

across the specimen longitudinal axis, with two pairs near the local bending strairh, = e, — a )
upper end of the reduced portion and two pairs near the lower b,=e,—a

end. The errors in the bending strains are less than the by=e,—a

difference between the highest and the lowest value of the four b —e —a
values of axial strain. o
) ) _and maximum bending strain,
Note 9—For sheet specimens where the foregoing placement of strain
sensors cannot be made, axial strain can be determined using two sets of B= 1/2\/(1:)1 —by)?+(b,—by? (8)
back-to-back sensors which are equidistant from the longitudinal midpoint
of the specimen. (For example, see Fig. 3b.) and
Note 10—Mechanical hysteresis in the strain sensor may influence the PB = (B/a) X 100 9)
strain measurement.

11. Calculation and Interpretation of Results Selnls:c}r.S—ThICk Rectangular - Specimens, Four Strain
11.1 Results of interest usually include axial strain, local 11.1.3.1 For thick specimens of rectangular cross section
bending strains, maximum bending strain, and percent bendyiy, strain sensors placed as described in 10.6.2 and Fig. 3a,

ing. see the following equation:
11.1.1 Cylindrical Specimens, Three Strain Sensefor geq

three strain gages or extensometers, equally spaced around the
circumference of a specimen of circular-cross section in a place
perpendicular to and at the center of the gage length, see thewheree, and e; are measured strains at the center of the
following equations: specimen thickness on opposite faces, adand e, are
corresponding values for the wide faces.

11.1.3.2 The local bending straibs, b,, b;, b, are calcu-
lated by the equations in 11.1.2.

11.1.3.3 The maximum bending straBy,is calculated from
the following equation:

axial straina = (e; + e, + e; + g,)/4 (20)

axial straina = (e; + e, + &;)/3 1)

where:
e, &, ande; = measured strains at the three locations, and
wheree, = e,= e,

b —e—a @ B=|b,—by|/2+|by,—b,|/2 (11)
b,=e,—a : :

b—e—a 11.1.3.4 Percent bendingB, is calculated as follows:
=6 —

PB = (B/a) X 100 (12)
where:

b = bending strain. 11.1.4 Thin Rectangular Specimens, Four Strain Sensers

0 = tan '[(21/3)(by/b, + 1/2)] 3) 11.1.4.1 For thin specimens of rectangular cross section
with strain sensors placed as described in 10.6.3 and shown in
Fig. 3b, see the following equation:

where:
0 = direction of maximum bending and is measured from axial straina = (e; + €5 + €, + g)/4 (13)
the highest-reading strain sensor toward the next
highest-reading strain sensor. Finally, 11.1.4.2 Equivalent strains at the center of the four faces, if
B = b,/cos® (4)  strain sensor placement were possible as shown in Fig. 3a, are
given by:
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e =a—[a— (e + e)/2[w/(w — 2d)] (14) 12. Report
e = a—[a— (g + e)2][wi(w — 2d)] 12.1 Report the following information:
6 = (& + €2 12.1.1 Values of bending strain or percent bending, and
method used, including the location of the strain sensors. (See
€ = (& T &2 Section 6.)
where, as shown in Fig. 3b: 12.1.2 Test temperature.
w = width of the broad face, and 12.1.3 Rated maximum force used in verification.
d = distance from edge of specimen to position of strain 12.1.4 Description of specimen (material and dimensions).
sensor. 12.1.5 Description of strain measuring equipment, including

11.1.4.3 The maximum bending straB) and the percent precision and sensitivity and method of fastening strain sensors
bending,PB, are calculated from the equations in 11.1.3.3 and® SPecimens. o . :
11134 12.1.6 Description of load-train, including method of grip-

) ._ping, dimensions of pull bars, types of couplings and joints,
11.1.4.4 The equations for the rectangular cross SeCt'O'gndglength of load trz;)in. yp ping )

given in 11.1.3, are used to complete the calculation. 12.1.7 Sample calculation.

11.1.5 For tests on notched specimens of circular cross 12.1.8 Estimate of precision and bias, if strains were mea-
section, the nominal percent bending at the root of the notch isured at four locations. (See Section 13.)
obtained by calculating the percent bending in the reduce(is Precision and Bias
section as described in 11.1.1 or 11.1.2 and multiplying the ™"

result by the ratio of the diameter of the reduced section to the 13-1 The precision of the measurement of specimen align-
diameter at the root of the notch. ment under applied tensile forces varies with such test condi-

tions as temperature, stress, configuration of load train, and
Thaterial. At present, the available data are not of a type that
th":‘permits meaningful analysis of the precision of the measure-
ment. It is the intention of Committee E-28 to obtain the

necessary data from an interlaboratory test program based on

section with the notch root axis in the thickness direction,
nominal percent bending is calculated as follows:

[by(h/h") + by] %

a 100 15 this practice.
) 13.2 The bias of the measurement of specimen alignment
\r/1vhe_reihe distance between the notched sides adiacent to thunder tensile loading varies with such test conditions as
notch, ) Femperature, stress, quality of machining of test specimens, and

h' = the distance between notch roots, abg b, are load-train components and material. S!nce the bendmg strains
- : used to measure alignment are determined from ratios of strain
defined in 11.1.2. :
o , . measurements from three or more strain sensors, the absolute
11.1.6.1 Similarly, when the notches are in the width faceqccyracy of the strain sensor calibration is not important (see

the nominal percent bending is calculated as follows: 9.1). No direct measure of bias is available, because the
b, + [by(Wh')] identical test conditions cannot be duplicated during a calibra-
a < 100 18 tion run and an actual test.

APPENDIX
(Nonmandatory Information)

X1. SOURCES AND EFFECTS OF MISALIGNMENT UNDER TENSILE LOADING

X1.1 Source of Misalignment and asymmetric machining of the test specimen itself. A
X1.1.1 The usual procedure in a uniaxial tension test is tgomPpination of these three sources of misalignment always

apply a tensile force to a specimen through grips attached to %qerqtes in any test upder_tensﬂe forces. The occurrence of
load-train and then correlate the strain response of the Spedplsahg_nment is recognized in the ASTM standards referenced
men, as measured with an appropriate extensometer, with th@ Section 2.

applied stress. In the case of ideal alignment, the top and X1.1.2 The characteristic elastic strain gradients resulting
bottom grip centerlines are precisely in line with one anothefrom misalignment are such that the extreme elastic strains
and with the centerlines of other components of the loadingpccur at the surface. These gradients can significantly influence
train. Moreover, they are precisely in line with the specimenthe results of a tension test, especially results at strains less
centerline. Finally, the specimen is symmetric about its centerthan 0.002 where significant plastic strain and accompanying
line. Departures from the ideal situation are caused by poastrain hardening have not yet contributed to evening out the
alignment of the top and bottom grip centerline, poor conform-gradients. Therefore, it is important to recognize the effects of
ance of specimen centerline to top and bottom grip centerlinesnisalignment on the stresses and strains measured in studies of
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the fracture strength of materials in a brittle state, stress-rupturef the test specimen material, or by need for measurements
life, creep, notched-tensile specimens, fatigue, plastic microsiear the elastic limit, or when plasticity is confined to a small
train, alloy strengthening, and surface-sensitive strength.  volume (specimens with stress concentration such as notches),
X1.1.3 The objective of any effort to improve alignment is small misalignment may give rise to variable bending stresses
to bring the centerlines of all load-train components intowhich have noticeable effects on the test results. For example,
precise alignment. Logically, the first piece of hardware onMorrison (8) noted that the yield stress of carefully machined
which to focus attention is the testing machine itself. Testingmild steel specimens tested in torsion exhibited+ad %
machines as-received from manufacturers may have deviatiowariation from the mean, whereas the yield stresses of the same
between top and bottom grip centerline positions of 0.001 tateel specimens tested in tension exhibiteti®% variation.
0.125 in. (0.03 to 3.18 mm). Moreover, further misalignmentMorrison concluded that the larger variation in tensile yield
may develop as applied forces cause machine frame deflectigresses resulted from misalignment rather than from micro-
or as nonaxial crosshead separation occurs. In the worst casgsuctural variations, and he stated that “with the ordinary
deviations in this range have been reported to lead to eccestandard of accuracy in cutting the screwed ends of the
tricities resulting in a 50 to 100 % difference between extremespecimens, the slackness in the thread was quite sufficient to
surface bending strains and average strain. allow the specimen to take up and retain under load an
X1.1.4 After the testing machine comes a consideration oéccentricity in the shackles which would account for the
the tolerances specified for the machining of load-train comvariation in results.”
ponents and test specimens. In ordinary machine shop practice,x1 2 2 Schmieder et a9, 10) found that bending ranged
tolerances usually range from0.002 t0+0.010in. ¢-0.05t0  from 5 to 27 % and depended on specimen coupling to the
+0.25 mm). These tolerances may cause poor alignment whgad-train, prior force application, and type of testing machine.
the components of a loading train are assembled, for examplgnese authors concluded that “most of the nonaxiality of
in the worst case, these tolerances have been reported to Ieaq(ggding appears to be due to loose threads or machining
eccentricities resulting in a 50 to 100 % difference betweenmperfections in the couplings.” Jones and Broyid) dem-
extreme surface bending strains and average strain. onstrated that, at fixed stress, simply rotating a load-train
X1.1.5 There are two further considerations for the develtomponent through 360° about the longitudinal axis changed
opment of good alignment. One deals with the type Ofthe percentage of bending by a factor of more than 5, from 8 to
couplings in the load-train, such as threaded-versusj3 o, In an experiment with other equipment, Jones and
nonthreaded joints, spherical seats and universal joints WitBrown (11) found that bending could be varied between about
low friction, cross flexures, fluid couplings, and other cou-3 and 14 %, depending on the relative rotational positions of
plings which tend not to transmit a bending stress. The othejhe specimen and of the top and bottom grips. Hence, a fourth
relates to specimen design, such as length and length-tgem which influences bending might be added to the three
diameter ratio. The approach to promoting good alignment hagited by Schmieder et al, namely, the rotational registry of the
been discussed in several papgrsl1)? components of the load-train.

%1.2.1 Bending stresses associated with misalianment b uniaxial tension-tension fatigue life of steel bolts when the
- g 9 ending microstrain increased by a factor of two. Jones et al

tween the load-train and the Specimen axes haye been §hown( ) demonstrated a continuous decrease (ranging from 80 to
affect the results of tension tes{$2-16). In routine tension 90 %) of notch-rupture life of a chromium-molybdenum-
tests of most engineering materials, bending stresses will b\?anadium steel, at 60 ksi 1000°F (414 MPa 538°C), as
|n§|gn|f|cant if SUfﬁC.'ent plastic fiow occurs during the_ test to eccentricity incréased from a negligible value to 0.1 in. '(2.5
eI|m|r_1{:1te the bending _stresst.as._prever,. when testing und(Frﬁm). Christ (14) showed that results of plastic microstrain
conditions where plastic flow is limited by inherent bnttlenessstudies and other pre-yield studies are ambiguous unless effects
of misalignment on the average microstrain are recognized.

® The boldface numbers in parentheses refer to the list of references at the end fyttention V\_IaS directed to this point by MCVet@(':_?) as early as
this practice. 1928, but it has been frequently overlooked since then.
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