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Standard Practice for
Verification of Testing Frame and Specimen Alignment
Under Tensile and Compressive Axial Force Application1

This standard is issued under the fixed designation E1012; 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 epsilon (´) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 Included in this practice are methods covering the
determination of the amount of bending that occurs during the
application of tensile and compressive forces to notched and
unnotched test specimens during routine testing in the elastic
range. These methods are particularly applicable to the force
levels normally used for tension testing, creep testing, and
uniaxial fatigue testing. The principal objective of this practice
is to assess the amount of bending exerted upon a test specimen
by the ordinary components assembled into a materials testing
machine, during routine tests.

2. Referenced Documents

2.1 ASTM Standards:2

E6 Terminology Relating to Methods of Mechanical Testing
E8 Test Methods for Tension Testing of Metallic Materials
E9 Test Methods of Compression Testing of Metallic Mate-

rials at Room Temperature
E21 Test Methods for Elevated Temperature Tension Tests of

Metallic Materials
E83 Practice for Verification and Classification of Exten-

someter Systems
E251 Test Methods for Performance Characteristics of Me-

tallic Bonded Resistance Strain Gages
E466 Practice for Conducting Force Controlled Constant

Amplitude Axial Fatigue Tests of Metallic Materials
E606 Test Method for Strain-Controlled Fatigue Testing
E1237 Guide for Installing Bonded Resistance Strain Gages

2.2 Other Documents:
VAMAS Guide 42 A Procedure for the Measurement of

Machine Alignment in Axial Testing

3. Terminology

3.1 Definitions of Terms Common to Mechanical Testing:
3.1.1 For definitions of terms used in this practice that are

common to mechanical testing of materials, see Terminology
E6.

3.1.2 alignment, n—the condition of a testing machine that
influences the introduction of bending moments into a speci-
men (or alignment transducer) during the application of tensile
or compressive forces.

3.1.3 eccentricity [L], n—the distance between the line of
action of the applied force and the axis of symmetry of the
specimen in a plane perpendicular to the longitudinal axis of
the specimen.

3.1.4 reduced section [L], n—section in the central portion
of the specimen which has a cross section smaller than the
gripped ends.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 axial strain, a, n—the average of the longitudinal

strains measured by strain gages at the surface on opposite
sides of the longitudinal axis of symmetry of the alignment
transducer by multiple strain-sensing devices located at the
same longitudinal position.

3.2.1.1 Discussion—This definition is only applicable to this
standard. The term is used in other contexts elsewhere in
mechanical testing.

3.2.2 bending strain, b, n—the difference between the strain
at the surface and the axial strain (see Fig. 1).

3.2.2.1 Discussion—in general, the bending strain varies
from point to point around and along the reduced section of the
specimen. Bending strain is calculated as shown in Section 10.

3.2.3 component (also known as force application
component), n—any of the parts used in the attachment of the
load cell or grips to the testing frame, as well as any part,
including the grips used in the application of force to the
strain-gaged alignment transducer or the test specimen.

3.2.4 grips, n—that part of the force application components
that directly attach to the strain-gage alignment transducer or
the test specimen.

3.2.5 microstrain, n—strain expressed in micro-units per
unit, such as micrometers/meter or microinches/in.

1 This practice is under the jurisdiction of ASTM Committee E28 on Mechanical
Testing and is the direct responsibility of Subcommittee E28.01 on Calibration of
Mechanical Testing Machines and Apparatus.
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10.1520/E1012-14.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

*A Summary of Changes section appears at the end of this standard
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3.2.6 notched section [L], n—the section perpendicular to
the longitudinal axis of symmetry of the specimen where the
cross-sectional area is intentionally at a minimum value in
order to serve as a stress raiser.

3.2.7 percent bending, PB, (also known as percent bending
strain), n—the ratio of the bending strain to the axial strain
expressed as a percentage.

3.2.8 strain-gaged alignment transducer, n—the transducer
used to determine the state of bending and the percent bending
of a testing frame.

3.2.9 Type 1 alignment, n—the condition of a testing ma-
chine typically used for static or quasi-static testing including
the non-rigid components and the positioning of the specimen
within the grips which can introduce bending moments into the
strain-gaged alignment transducer or test specimen during
force application.

3.2.10 Type 2 alignment, n—the condition of a testing
machine typically used for dynamic testing and all rigid parts
of the load train which can introduce bending moments into the
strain-gaged alignment transducer or test specimen force ap-
plication.

4. Significance and Use

4.1 It has been shown that bending stresses that inadver-
tently occur due to misalignment between the applied force and
the specimen axes during the application of tensile and
compressive forces can affect the test results. In recognition of

this effect, some test methods include a statement limiting the
misalignment that is permitted. The purpose of this practice is
to provide a reference for test methods and practices that
require the application of tensile or compressive forces under
conditions where alignment is important. The objective is to
implement the use of common terminology and methods for
verification of alignment of testing machines, associated com-
ponents and test specimens.

4.2 Alignment verification intervals when required are
specified in the methods or practices that require the alignment
verification. Certain types of testing can provide an indication
of the current alignment condition of a testing frame with each
specimen tested. If a test method requires alignment
verification, the frequency of the alignment verification should
capture all the considerations i.e. time interval, changes to the
testing frame and when applicable, current indicators of the
alignment condition through test results.

4.3 Whether or not to improve axiality should be a matter of
negotiation between the material producer and the user.

5. Verification of Alignment

5.1 A numerical requirement for alignment should specify
the force, strain-gaged alignment transducer dimensions, and
temperature at which the measurement is to be made. Alternate
methods employed when strain levels are of particular impor-
tance may be used as described in Practices E466 or E606.
When these methods are used, the numerical requirement

NOTE 1—A bending strain, 6B, is superimposed on the axial strain, a, for low-axial strain (or stress) in (a) and high-axial strain (or stress) in (b). For
the same bending strain 6B, a high-percent bending is indicated in (a) and a low-percent bending is indicated in (b).

FIG. 1 Schematic Representations of Bending Strains (or Stresses) That May Accompany Uniaxial Loading
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should specify the strain levels, strain-gaged alignment trans-
ducer dimensions and temperature at which the measurement is
to be made.

NOTE 1—For a misaligned load train, the percent bending usually
decreases with increasing applied force. (See Curves A, B, and C in Fig.
2.) However, in some severe instances, percent bending may increase with
increasing applied force. (See Curve D in Fig. 2.)

5.2 For a verification of alignment to be reported in com-
pliance with the current revision of E1012 a strain-gaged
alignment transducer shall be used. This applies to both Type 1
and Type 2 levels of alignment verification.

5.2.1 This standard defines two types of classified testing
machine alignment per the classification criteria. The type of
alignment shall be noted on the report.

5.2.2 When performing an alignment of a testing machine
for the first time or if normally fixed components have been
adjusted or repaired, a mechanical alignment of the testing
machine should be performed. For tensile and fatigue

equipment, this step can be accomplished by means of a dial
indicator for concentricity alignment adjustment and with
precision shims or feeler gauges with the components brought
together for angularity alignment adjustment. For creep and
stress-rupture machines incorporating lever arms, this step may
be accomplished by means of precision shims or feeler gauges,
and/or double knife-edge couplings, and/or suitable compo-
nents below the lower crosshead of the testing machine. Severe
damage may occur to a strain-gaged alignment transducer if
this step is omitted. A Mechanical Alignment is a preliminary
step, but is not a substitute for a verification of alignment using
a strain-gaged alignment transducer.

5.3 Testing Machine Alignment Type 1—A general align-
ment verification of the defined load train components. It is
understood that some parts of the testing machine (i.e. the
crosshead, actuator or grip faces) may be moved or exchanged
in normal day to day testing. This alignment verification should

NOTE 1—Curve A: Machine 1, threaded grip ends (1)
NOTE 2—Curve B: Machine 2, buttonhead grip ends (1)
NOTE 3—Curve C: Machine 3, grips with universal couplings (2)
NOTE 4—Curve D: schematic representation of a possible response from a concentrically misaligned load train (3)

FIG. 2 Effects of Applied Force on Percent Bending for Different Testing Machines and Gripping Methods
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be conducted for the various changes to the system (i.e.
adjusting the crosshead and actuator position) to demonstrate
reproducibility between changing conditions. Whenever pos-
sible the alignment verification should be conducted with the
testing system components at a physical position that would
simulate the position in which a test specimen would be
installed. The strain-gaged alignment transducer geometry and
material shall be adequately referenced in the verification
report.

NOTE 2—Type 1 typically refers to static test equipment, such as tensile,
stress rupture, or creep machines.

NOTE 3—For creep and stress rupture machines, the lever arm should be
in a level position when performing alignment verification.

5.3.1 For some material testing, it is not possible or feasible
to use all parts of the force application components when
verifying alignment. In such cases alternative components may
be used. The use of alternative components shall be adequately
referenced in the verification report.

5.4 Testing Machine Alignment Type 2—Grip-to-grip align-
ment verification, where the testing machine mechanical con-
figuration is fixed and will not be changed or adjusted during
the testing period. However, when testing some specimen
geometries, it may be necessary to move the actuator or
crosshead to install the strain-gaged alignment transducer
and/or test specimens. This should be avoided if possible, but
if it is necessary, care should be taken to reposition the actuator
and or crosshead in the position used during the alignment.
Any removable components specific to the test specimen
should be assembled within the aligned grip set and a strain-
gaged alignment transducer used for verification of compliance
to E1012.

5.4.1 Precision machined grip housings with hydraulic or
pneumatically actuated wedge inserts are commonly used in
laboratory testing. These devices are specifically designed to
allow for interchangeability of wedge inserts without adversely
affecting the alignment of the loading train. For testing systems
using these gripping configurations, grip wedge inserts may be
replaced with smooth wedge inserts to assess the alignment of
the testing machine under a Type 2 alignment assessment.

NOTE 4—Type 2 typically refers to dynamic test equipment, such as
fatigue testing machines.

NOTE 5—Type 2 alignment requires as many of the adjustable compo-
nents of the testing machine as possible to be positioned in the final
verified position. This could include adjustable reaction components (i.e.
crosshead) and actuators, which may otherwise be free to rotate about the
loading axis.

5.5 Strain-gaged alignment transducers shall be manufac-
tured per Section 7 of this standard. The strain-gaged align-
ment transducer is to be manufactured per section 7.4 as
closely as possible, except that any notches may be eliminated.
The same strain-gaged alignment transducer may be used for
successive verifications. The materials and design should be
such that only elastic strains occur at the applied forces.

5.5.1 Strain-gaged alignment transducers shall be used for
both Type 1 and Type 2 Testing Machine Alignment.

6. Apparatus

6.1 This standard requires the use of a strain-gaged align-
ment transducer. In some cases it may be helpful to make an

assessment using extensometers or alignment components
employing mechanical linkages (see Appendix X2), however
these types of strain sensors do not meet the reporting
requirements in Section 11.

6.2 In general, repeated force applications to strain levels
approaching yielding are not good laboratory practice because
they may affect the subsequently measured results by deform-
ing or fatiguing the strain-gaged alignment transducer.

6.3 Additional Testing Machine and Force Application
Component Considerations:

6.3.1 Poorly made components and multiple interfaces in a
load train can cause major difficulty in attempting to align a test
system. All components in the load train should be machined
within precision machining practices with attention paid to
perpendicularity, concentricity, flatness and surface finish. The
number of components should be kept to a minimum.

6.3.2 Situations can arise where acceptable alignment can-
not be achieved for a given testing machine, set of force
application components and strain-gaged alignment transducer.
In these cases, redesign and fabrication of any of the compo-
nents may be needed to achieve acceptable alignment.

7. Strain-Gaged Alignment Transducer

7.1 This practice refers to cylindrical strain-gaged align-
ment transducers, thick rectangular strain-gaged alignment
transducers, and thin rectangular strain-gaged alignment trans-
ducers. The actual strain-gaged alignment transducer geometry
is dictated by the test standard to be used. These strain-gaged
alignment transducers are usually dog-bone shaped with a
reduced gauge section, although other strain-gaged alignment
transducers such as those used for compression testing are
acceptable.

NOTE 6—Since fabricating a strain-gaged alignment transducer can be
a time consuming and expensive process it is best to have this step planned
out well in advance of needing the strain-gaged alignment transducer.

NOTE 7—For notched specimens, it is acceptable to use a strain-gaged
alignment transducer that simulates the anticipated test specimen without
the notch.

7.2 This practice is valid for metallic and nonmetallic
testing.

7.3 Quality of machining of alignment transducers is criti-
cal. Important features include straightness, concentricity,
flatness, and surface finish. In particular, strain-gaged align-
ment transducers used for compression testing may be of the
type that uses two parallel plates to apply compression to the
ends of the strain-gaged alignment transducer. In these cases,
the parallelism of the strain-gaged alignment transducer ends is
extremely important as described in Test Methods E9.

7.4 The design of a strain-gaged alignment transducer
should follow the same guidelines as design of standard test
specimens. For static (tensile, compressive and creep) testing,
strain-gaged alignment transducers conforming to test speci-
mens shown in Test Methods E8 are appropriate. For fatigue
testing applications, strain-gaged alignment transducers con-
forming to test specimens shown in Practice E606 are appro-
priate. The strain-gaged alignment transducer should be as
close dimensionally to the expected test specimens as possible
so that the same force application components to be used
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during testing will be used during alignment. The material used
for the strain-gaged alignment transducer should be as close as
possible to expected test specimen materials. If the expected
test material is not known, it is acceptable to use a strain-gaged
alignment transducer of a common material that has similar
elastic properties to expected test materials. The alignment
transducer should be carefully inspected and the dimensions
recorded prior to application of the strain gages.

NOTE 8—It is common laboratory practice to employ an alternate
material for the strain-gaged alignment transducer in order to be able to
use the strain-gaged alignment transducer for a number of repeated
alignment verifications. The alternate material used should be such that the
strain-gaged alignment transducer maintains its elastic properties through
the loading range of interest encountered in the alignment verification (i.e.
the strain-gaged alignment transducer remains below its proportional
limit). A common upper strain limit for these strain-gaged alignment
transducers is 3000 microstrain maximum.

7.5 Strain Gages should be selected that have known stan-
dardized performance characteristics as described in Test
Methods E251. Strain gage manufacturers provide detailed
information about the strain gages available. Gages with gauge
lengths of approximately 10 % of the reduced section of the
alignment transducer or less should be selected. The gages
should be as small as practical to avoid any strain averaging
effects with adjacent gages. Temperature compensated gages
that are all of the same type and from the same batch (same
gage factor, transverse sensitivity and temperature coefficient)
should be used.

7.6 Strain gages should be installed according to procedures
in Guide E1237. A commonly used method for marking the
intended strain gage locations on the alignment transducer is to
precisely scribe shallow longitudinal marks and transverse
marks where the strain gages are to be applied. The gages are
then aligned with the scribe marks when bonding. The gage
placements can be inspected after installation.

7.6.1 Surface preparation for strain gage bonding can influ-
ence mechanical properties. The strain-gaged alignment trans-
ducer should not be expected to exhibit the same mechanical
properties as a standard test specimen would.

7.7 Configuration of Strain-Gaged Alignment Transducers:

NOTE 9—External specifications and requirements may dictate specific
configuration for number of gages and gage spacings.

NOTE 10—Generally the maximum bending will occur at either end of
a specimen’s reduced section rather at the center of the specimen.
However, having three sets of gages can be helpful in identifying a faulty
gage or instrumentation, and can better characterize the bending condition.

7.7.1 The cross section of a strain-gaged alignment trans-
ducer may be cylindrical, thick rectangular (those with width to
thickness ratio of less than three) or thin rectangular (those
with width to thickness ratio of three or larger). Strain-gaged
alignment transducers should have a minimum of two sets of
four gages, but in some cases may have two sets of three gages.
A third set of strain gages may be added to provide additional
information. A single set of gages is acceptable in some cases.
Fig. 3 shows the configurations of these strain-gaged alignment
transducers.

7.7.2 Requirements for Cylindrical Strain-Gaged Alignment
Transducers:

7.7.2.1 For strain-gaged alignment transducers with reduced
section length 12 mm (0.5 in) or greater two sets of four gages
are acceptable. An additional set of gages at the center of the
reduced section A, is also acceptable and can provide addi-
tional information. For strain-gaged alignment transducers
with reduced section length, A, less than 12 mm (0.5 in), a
single set of strain gages in the center of the length of the
reduced section is acceptable.

7.7.2.2 Cylindrical strain-gaged alignment transducers may
have sets of either three gages or four gages. Four-gage
configurations shall have gages equally spaced at 90 degrees
around the circumference of the strain-gaged alignment trans-
ducer. Three-gage configurations shall have gages equally
spaced at 120 degrees around the circumference of the strain-
gaged alignment transducer.

NOTE 11—With three-gage, 120 degree spaced configurations it can be
more difficult to detect a malfunctioning gage.

7.7.2.3 In a two set strain-gaged alignment transducer, the
center of the gages shall be placed equidistant from longitudi-
nal center at a distance A3 = 0.35A to 0.45A. In a three gage set
strain-gaged alignment transducer one set of gages shall be

FIG. 3 A Cylindrical 90° Spacing Four (4) Strain Gages per Plane
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placed at the longitudinal center of the alignment transducer
and the center of the other two shall be placed at a distance A3

= 0.35A to 0.45A from the longitudinal center of the alignment
transducer.

7.7.3 Requirements for Thick Rectangular Strain-Gaged
Alignment Transducers:

7.7.3.1 For strain-gaged alignment transducers with reduced
section length 12 mm (0.5 in) or greater two sets of four gages
are acceptable. An additional set of gages at the center of the
reduced section A, is also acceptable and can provide addi-
tional information. For strain-gaged alignment transducers
with reduced section length, A, less than 12 mm (0.5 in), a
single set of strain gages in the center of the length of the

reduced section is acceptable. Thick rectangular strain-gaged
alignment transducers shall have gages equally positioned on
all four faces of the strain-gaged alignment transducer.

7.7.3.2 In a two gage set strain-gaged alignment transducer,
the center of the gages shall be placed equidistant from
longitudinal center at a distance A3 = 0.35A to 0.45A. In a three
gage set strain-gaged alignment transducer, one set of gages
shall be placed at the longitudinal center of the alignment
transducer and the center of the other two shall be placed at a
distance A3 = 0.35A to 0.45A from the longitudinal center of
the alignment transducer. In a one gage set strain-gaged
alignment transducer, the gages shall be placed on the longi-
tudinal center of the alignment transducer.

FIG. 3 B Thick Rectangular Four (4) Strain Gages per Plane (continued)

FIG. 3 C Thin Rectangular Four (4) Gages per Plane (continued)
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NOTE 12—For thick rectangular strain-gaged alignment transducers, the
differences in adjacent dimensions of the gage section can lead to
differences in the sensitivities of gages on these surfaces. This in turn can
lead to difficulties in making adjustments to bring a test setup into good
alignment.

7.7.4 Requirements for Thin Rectangular Strain-Gaged
Alignment Transducers:

7.7.4.1 For strain-gaged alignment transducers with reduced
section length 12 mm (0.5 in.) or greater, two sets of either
three or four gages (see Figs Fig. 3C and Fig. 3D) are
acceptable. An additional set of gages at the center of the
reduced section A, is also acceptable and can provide addi-
tional information. For strain-gaged alignment transducers
with reduced section length, A, less than 12 mm (0.5 in.), a
single set of strain gages in the center of the length of the
reduced section is acceptable.

7.7.4.2 As shown in Fig. 3C and Fig. 3D, the strain gages
shall be placed symmetrically about the vertical and horizontal
centerlines. In a two gage set strain-gage alignment transducer
the center of the gages shall be placed equidistant from
longitudinal center at a distance A3 = 0.35A to 0.45A. In a three
gage set strain-gaged alignment transducer one set of gages
shall be placed at the longitudinal center of the alignment
transducer and center of the other two shall be placed at a
distance A3 = 0.35A to 0.45A from the longitudinal center of
the alignment transducer. In a one gage set strain-gaged
alignment transducer, the gages shall be placed on the longi-
tudinal center of the strain-gaged alignment transducer.

NOTE 13— It is recommended that the distance d that the center of the
gages are placed from the edge of the specimen be minimized to improve
the accuracy of determining the bending strains. A typical value for d is
w/8.

NOTE 14—An opposing pair of shear vector oriented strain gages, as

shown in Fig. 3C, are helpful in determining the zero rotational position
of an actuator during alignment verification. Constraining the rotation of
the actuator may be a consideration when testing thin rectangular test
specimens to minimize shear strains.

8. Calibration and Standardization

8.1 All conditioning electronics and data acquisition devices
used for the determination of testing system alignment shall be
calibrated where applicable. The calibration results shall be
traceable to the National Institute of Standards and Technology
(NIST) or another recognized National Metrology Institute.
Overall system expected performance should be no more than
1/3rd the Expected Class Accuracy from Table 1.

NOTE 15—Where the 100 microstrain fixed limit criteria is invoked, the
system would have to measure strain to at least 6 33 microstrain.

8.1.1 Calibration of strain-gaged alignment transducers is
not required by this standard. Traceable national standards do
not generally exist for such calibrations. However, great care
should be taken in the manufacture of strain-gage alignment
transducers used for the determination of alignment. With the
exception of cases where the strain-gaged alignment transducer
is bent, the sources of measurement error due to individual
gage misalignment and differences in gage sensitivity can be
minimized by acquiring rotational and repeatability data runs.

8.2 Strain gages should conform to the requirements of Test
Methods E251.

9. Procedure

9.1 Temperature variations during the verification test
should be within the limits specified in the methods or practices
which require the alignment verification.

FIG. 3 D Thin Rectangular 3 Strain Gages per Plane (used in composites testing) (continued)
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9.2 Mechanical Alignment—This section describes the ini-
tial alignment of the rigid parts of the components. Mechanical
alignment is usually established when setting up a particular
type of rigid component configuration on a testing machine.
While it often does not change appreciably over time, shock
from catastrophic failure in the load train (within the compo-
nents or test specimen) or wear may establish the need to
measure and readjust the testing machine alignment. Before
continuing with subsequent Type 1 and Type 2 alignment
verification, the mechanical alignment should be checked to
ensure that it is acceptable.

9.2.1 Inspect all components for proper mating of bearing
surfaces and with the strain-gaged alignment transducer. This
includes but is not limited to concentricity, perpendicularity
and parallelism measurements. Other measurements may be
needed for specific types of grips. Re-machine out of tolerance
components.

9.2.2 Assemble the rigid portion of the components, and
inspect the position of the components on one end of the
specimen attachment point with respect to the position of the
components on the other end of the opposite specimen attach-
ment point. This is often done with a dial indicator setup that
allows the user to establish both linear (concentric or parallel)
and angular differences between the centerlines of the compo-

nents on each end of the specimen attachment points. Fig. 4
illustrates linear (concentric and parallel) and angular differ-
ences between the components on the two ends of the rigid
portion of the testing machine. Special alignment components
may also be employed. Specific tolerances are beyond the
scope of this standard, but should adequate alignment be
unachievable, misalignment of these components may be the
reason. Testing machines that allow the user to adjust the
position of the normally fixed crosshead should be set up in the
position that will be used during testing. Movement of the
normally fixed crosshead during testing can affect alignment
results. If moving the normally fixed crosshead during routine
testing (that is, between specimens) is needed, the inspection
should be performed several times to assure that movement can
be made and the crosshead repositioned to the same location
without appreciably affecting alignment.

9.2.3 Adjust the position of the components on one end of
the specimen attachment point with respect to the position of
the components on the other end of the opposite specimen
attachment point to minimize the perpendicularity and the
concentricity (cylindrical specimens) and parallelism (flat
specimens) errors. This may require loosening the components
of one end, tapping or shimming it into position and retight-
ening it.

FIG. 4 Illustration of Testing Machine
(A) Properly Aligned Test Frame and Rigid Fixturing

(B) With Concentric Misalignment between Top and Bottom Fixturing
(C)Angular Misalignment between Top and Bottom Fixturing
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9.3 Both Type 1 and Type 2 Alignments require the use of a
strain-gaged alignment transducer. The strain-gaged alignment
transducer is discussed in Section 7.

9.3.1 Type 1 Alignment—Type 1 alignment refers to the
positioning and subsequent alignment with the strain-gaged
alignment transducer and all the non-rigid components in the
load train. This is the final alignment verification step for
testing machines where the components are not locked in place
for testing.

9.3.2 Type 2 Alignment—Type 2 alignment refers to the
positioning and subsequent alignment with the strain-gaged
alignment transducer and all the rigid components in the load
train and includes a step where non rigid components become
rigid through a locking process. This is the final alignment step
for testing machines where the components are locked in place
for testing.

9.3.3 Inspect any components not already inspected as in
9.2.1 (the non-rigid parts of the assembly). Establish the
position of the strain-gaged alignment transducer for compo-
nent setups with non-rigid members by assembling the in-
spected parts of the load train. Connections, including the
strain-gaged alignment transducer should fit smoothly together
with no extra play. Re-machine specific parts components if
necessary.

9.3.4 Mark the position of any portion of the force applica-
tion components that will be moved (that is, unthreaded or
otherwise repositioned) during the course of normal testing
relative to the fixed portion of the components. This is to assure
that the components can be put together the same way each
time.

9.3.5 Install the strain-gaged alignment transducer into the
assembly with only one end attached to the set of grips. Zero
the strain readings with no force applied. The act of gripping a
strain-gaged alignment transducer on both ends can introduce
excessive bending.

9.3.6 Attach the strain-gaged alignment transducer to the
remaining grip. The strain-gaged alignment transducer shall
not be re-zeroed with both grips attached.

NOTE 16—This is typically the step where Type 2 Alignment Verifica-
tions include a load train and specimen locking process.

9.3.7 Apply a small force to make sure all sensors are
reading properly and then remove the force.

9.3.8 Imperfect alignment transducer correction. All strain-
gaged alignment transducers have some imperfections, either
dimensionally or in the attachment of the strain gage. If the
strain-gaged alignment transducer is suspected of imparting a
large bending effect within the alignment verification, use the
procedure in Annex A1 to determine the alignment transducer
correction. However, the determination and use of an align-
ment transducer correction is optional.

NOTE 17—A useful operational check for detecting faulty strain gages
or instrumentation is to compare the average axial strain, a, for each set of
strain gages at each applied force. If any two of these averages differ by
more than about two percent, a fault in the measurement system should be
suspected.

9.3.9 Plan the force application cycle such that the maxi-
mum force applied does not exceed the elastic limit of the
alignment transducer. The actual force level in these cases

should be agreed upon with the customer and documented.
This may be a tensile force, a compressive force, or both. The
force may be applied either manually or automatically. While
several force application cycles may be helpful for system
checks, only a single cycle is required for recording alignment
data.

NOTE 18—Additional force cycles can help exercise the strain-gaged
alignment transducer and load train and establish hysteresis if using both
tension and compression. Strain readings from the initial cycle should be
carefully observed to prevent potential damage to the strain-gaged
alignment transducer in the case of a poorly aligned testing machine.

9.3.10 Collect alignment data by applying the force in at
least three discrete points through the loading range of interest
These should be evenly spaced through the force cycle. During
collection of the discrete data points, the force on the strain-
gaged alignment transducer shall not vary by more than 1%.
For Type 2 alignment verification where both tension and
compression are to be used, record data in a similar manner for
both. When using mechanical or hydraulic grips that lock the
strain-gaged alignment transducer in place, record the strain at
zero applied force before and after the locking mechanisms
have been engaged. This shows the influence of the locking
mechanism on the bending of the strain-gaged alignment
transducer.

NOTE 19—There are three recommended practices for establishing the
three (or more) discrete points at which alignment verification data is
collected:

(1) record data points at 1000, 2000 and 3000 nominal microstrain in
addition to the check at zero applied force (typically used for Type 2
verifications);

(2) record data at 10%, 20% and 40% of the force transducer range or
testing machine capacity in addition to the check at zero applied force
(typically used for Type 1 verifications);

(3) record data points within a force range established by the expected
yield strengths of materials to be tested on the testing machine in addition
to the check at zero applied force (also typically used for Type 1
verifications).

(4) For some types of testing systems, it can be advantageous to have
one test force less than the weight of the crosshead that is “lifted” by the
specimen and one test force that exceeds the weight of that crosshead. This
can identify faulty or out-ofadjustment backlash elimination systems.

(5) It is recommended that at least one bending verification point should
be above 1000 microstrain.

NOTE 20—The data point at zero applied force is intended to record the
values of the strain gages with respect to one another and refers to the
fixed limit in Fig. 5. There is no need to calculate percent bending at zero
applied force.

9.3.11 Remove and reposition the strain-gaged alignment
transducer in the grips at additional orientations as needed. At
a minimum, measure and record strains under the force cycle
described in 9.3.9 in the original orientation, 180 degrees (or
120 degrees for three gage strain-gaged alignment transducers)
and again back in the original orientation, unless otherwise
specified in external requirements. Installing the strain-gaged
alignment transducer in the same orientation as it previously
was installed will provide information on repeatability of the
strain-gaged alignment transducer. Installing the strain-gaged
alignment transducer in another orientation (that is, rotating it
or inverting it) will further characterize the alignment of the
force application components. Strain-gaged alignment trans-
ducers always have some eccentricity, though preparation as
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described in Section 7 will minimize this. Strain-gaged align-
ment transducers can be damaged or bent over time and use.
Careful handling and storage will minimize this. If the strain-
gaged alignment transducer is suspected of imparting a large
bending effect within the alignment verification, use the
procedure in Annex A2 to separate the alignment transducer
contribution and the testing machine alignment contribution
from the overall alignment. However, the determination and
use of an alignment transducer/testing machine contribution is
optional.

9.3.12 Calculate the percent bending for the desired mea-
surement points in the force application cycle using the
formulas given in Section 10. If there are significant differ-
ences between the verification data in the original orientation
versus the 180° (120° for a three gage set) orientation, this
condition may be due to a problem with the strain-gaged
alignment transducer. If the strain-gaged alignment transducer
is suspected of imparting a large bending effect within the
alignment verification, use the procedure outlined in Annex A2
to separate the alignment transducer contribution and the
testing machine alignment contribution from the overall align-

ment. However, the determination and use of an alignment
transducer/testing machine contribution is optional.

9.3.13 If the calculated percent bending does not meet
requirements from the test specification, adjustments, repairs or
other improvements will need to be made. Refer to step 9.2 for
guidance.

9.3.14 Small adjustments can have a significant effect on the
measurements. Adjustments are typically made at 90-degree
intervals around the strain-gaged alignment transducer.

9.3.15 Alignment transducers exhibiting induced bending in
the shape of an “S” (see Fig. 6) require adjustments to be made
to the concentricity (for cylindrical alignment transducers) or
perpendicularity (for flat alignment transducers) of the force
application components.

9.3.16 Alignment transducers exhibiting induced bending in
the shape of a “C” (see Fig. 6) require adjustments to the
angularity of the force application components.

NOTE 21—Both the concentricity and angularity adjustments are often
required to achieve good alignment.

FIG. 5 Graphical Representation of Alignment Classifications
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9.3.17 When adjustments are completed, perform force
application cycle again as in 9.3.5, record strain information as
in 9.3.6 through 9.3.11 and perform calculations as in 9.3.12.
Reassess alignment quality as in 9.3.13 and readjust again as
necessary.

10. Calculation and Interpretation of Results

10.1 Results of interest usually include axial strain, local
bending strains, maximum bending strain, and percent bend-
ing. Calculate these for each plane of strain gages.

10.1.1 Local and maximum bending strains seen in an
alignment verification may be attributed to a specimen
contribution, a testing machine contribution or both.

10.2 Cylindrical Strain-Gaged Alignment Transducers:
10.2.1 Three Strain Sensors—For strain-gaged alignment

transducers of circular-cross section with planes of three strain
gages equally spaced around the circumference of the gauge
length, calculate the axial strain, a, as:

axial strain, a 5
~e11e21e3!

3
(1)

where:
e1, e2, and e3 = measured strains at the three locations, and

where e1 ≥ e2 ≥ e3.

Calculate the bending strains, b, as:

b1 5 e1 2 a (2)

b2 5 e2 2 a

b3 5 e3 2 a

where:
b = bending strain.

Calculate the angular direction of maximum bending, θ, as
measured from the highest reading strain sensor toward the
next highest reading strain sensor as:

FIG. 6 Illustration of Strain-Gaged Alignment transducer
(A) Properly Aligned Alignment Transducer

(B) Concentric Misalignment of Alignment Transducer Creates an “S” Shape
(C) Angular Misalignment of Alignment Transducer Creates an “C” Shape
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θ 5 tan21F S 2

=3
D ~b2/b111/2!G (3)

Calculate the maximum bending strain, B, as:

B 5
b1

cos θ (4)

Calculate the percent bending, PB, as:

PB 5 S B
a D 3 100 (5)

10.2.2 Cylindrical Strain-Gaged Alignment Transducers,
Four Strain Sensors—For four strain gages equally spaced
around the circumference of strain-gaged alignment transduc-
ers of circular cross section, use the following equations:

axial strain,

a 5 S e11e21e31e4

4 D (6)

where:
e1, e2, e3, and e4 = the measured strains at the four locations

and the subscript indicates the order
around the strain-gaged alignment
transducer.

local bending strain,

b1 5 e1 2 a (7)

b2 5 e2 2 a

b3 5 e3 2 a

b4 5 e4 2 a

and maximum bending strain,

B 5
1
2
=~b1 2 b3!21~b2 2 b4!2 (8)

and

PB 5 S B
a D 3 100 (9)

10.3 Thick Rectangular Strain-Gaged Alignment
Transducers, Four Strain Sensors:

10.3.1 For thick strain-gaged alignment transducers of rect-
angular cross section with strain sensors placed as shown in
Fig. 3B, calculate the axial strain, a as:

axial strain,

a 5
~e11e21e31e4 !

4
(10)

where:
e1 and e3 = measured strains at the center of the strain-gaged

alignment transducer thickness on opposite
faces, and

e2 and e4 = corresponding values for the wide faces.

10.3.2 Calculate the local bending strains b1, b2, b3, b4 by
using Eq 7.

10.3.3 Calculate the maximum bending strain, B, as:

B 5
?b1 2 b3?

2
1

?b2 2 b4?
2

(11)

10.3.4 Calculate percent bending, PB, as:

PB 5 S B
a D 3 100 (12)

10.4 Thin Rectangular Strain-Gaged Alignment
Transducers, Four Strain Sensors:

10.4.1 For thin strain-gaged alignment transducers of rect-
angular cross section with strain sensors placed as shown in
Fig. 3C, calculate axial strain, a, as:

axial strain,

a 5
~e11e21e31e4!

4
(13)

10.4.2 Calculate the equivalent strains at the center of the
four faces as:

ee1 5 a 2 F a 2
~e11e4!

2 G F w

~w 2 2d! G (14)

ee3 5 a 2 F a 2
~e21e3!

2 G F w

~w 2 2d! G
ee2 5

~e11e2!
2

ee4 5
~e31e4!

2

where, as shown in Fig. 3C:
ee1 and ee3 = equivalent strains at the center of the thin

faces,
ee2 and ee4 = equivalent strains at the center of the thick

faces,
w = width of the broad face, and
d = distance from edge of the strain-gaged align-

ment transducer to position of strain sensor.

10.4.3 Calculate the maximum bending strain B, and the
percent bending, PB, Eq 11 and Eq 12.

10.4.4 The equations for the rectangular cross section, given
in 10.3 are used to complete the calculation.

10.5 Thin Rectangular Strain-Gaged Alignment
Transducers, Three Strain Sensors:

10.5.1 For thin strain-gaged alignment transducers of rect-
angular cross section with three strain sensors placed as shown
in Fig. 3D, calculate average axial strain, a, as:

a 5
@e1 1 e2 1 ~2 3 e3!#

4
(15)

10.5.2 Calculate the equivalent strains at the center of the
four faces as:

ee1 5 a 2 H ~a 2 e1! 3 F w

~w 2 2 d! G J (16)

ee2 5
~e1 1 e2!

2

ee4 5 e3

where, as shown in Fig. 3D
ee1 and ee3 = equivalent strains at the center of the thin

faces,
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ee2 = equivalent strain at the center of the broad face
with two strain gages on it,

ee4 = equivalent strain at the center of the broad face
with one strain gage on it,

w = width of the broad face, and
d = distance from edge of the strain-gaged align-

ment transducer to position of strain sensor.

10.5.3 Substitute ee1, ee2, ee3, and ee4 for e1, e2, e3, and e4

respectively and calculate the maximum bending strain B, and
the percent bending, PB, using Eq 7, Eq 11, and Eq 12.

10.6 Bending strain can be attributed in part to the align-
ment transducer and in part to the testing machine. If the
calculated bending strain exceeds the limits required in Table 1

it may be helpful to perform these calculations. See Annex A2
for additional discussion and calculations.

10.7 Using results from each plane of strain gages, classify
the level of testing machine alignment according to Table 1. If
strain gage planes provide different classification numbers, use
the classification that corresponds to the highest number (i.e.
greatest amount of bending strain). Various ASTM and other
testing standards may require a particular classification from
Table 1.

10.8 The crossover points between the fixed and the relative
limits for each classification level is shown in Table 2.

10.9 A graphical representation of the fixed and relative
limits is shown in Fig. 5.

11. Report and Record

11.1 Reports shall include the following information:
11.1.1 Type Level of alignment verification (that is, Type 1

or Type 2).
11.1.2 E1012 alignment classifications and values of bend-

ing strain, associated percent bending where applicable, and
the corresponding forces (or strains) for the testing machine (or
for each plane of strain gages).

11.1.3 Reference to specific strain-gaged alignment trans-
ducer used.

11.1.4 Description or photograph of force application
components, referencing method of gripping.

11.2 Additional laboratory or procedural records should
include the following (this information may also be contained
in the test report):

11.2.1 Facility ambient temperature during alignment veri-
fication.

11.2.2 Specific strain-gaged alignment transducer informa-
tion:

11.2.2.1 Material.
11.2.2.2 Dimensions.
11.2.2.3 Location and number of strain gage sensors.
11.2.2.4 Method of attachment of strain gage sensors.
11.2.3 Description of strain measuring equipment including:
11.2.3.1 Type of strain gage measuring device.
11.2.3.2 Precision and sensitivity of the strain measuring

system.
11.2.4 Specific information regarding force application

components (this information may also be included in the
report).

11.3 Format of Report—The report may either be in tabular
form or in graphical form.

ANNEXES

(Mandatory Information)

A1. IMPERFECT ALIGNMENT TRANSDUCER CORRECTION

A1.1 Method for Calculating and Applying Linear Correc-
tion Factors for Imperfect Alignment Transducers—

All alignment transducers have some imperfections, either
dimensionally or in the attachment of the strain gage. It is

desirable to use an alignment transducer with minimal
imperfections, but in the case where imperfections are large
enough to affect alignment measurements, the following pro-
cedure should be used.

TABLE 1 Classifications of Alignment Verification

ASTM
E1012

Classification

Maximum Bending Strain (B) not to exceed the greater
of

the Fixed Limit or Relative Limit

Fixed
Limit

(microstrain)

Relative Limit

(microstrain)
Percent

Bending (PB)

5 100 (a) × 0.05 5%
8 100 (a) × 0.08 8%
10 100 (a) × 0.10 10%

Maximum Bending Strain (B) calculated using equation 4, 8 or 11.
Axial Strain (a) calculated using equation 1, 6, 10 or 13.
Percent Bending (PB) calculated using equation 5, 9 or 12.

TABLE 2 Reference Table of Crossover Points

ASTM E1012
Classification

Crossover point between
Fixed and Relative limits

(microstrain)

5 2000
8 1250
10 1000
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A1.1.1 With the alignment transducer attached to the upper
grips (and locked in the case of Type 2 alignment), zero the
strain gages of the alignment transducer.

A1.1.2 Attach the lower grip (and lock in the case of Type
2 alignments) and set testing machine at as close to zero
applied force as possible. Record strain gage readings.

A1.1.3 Unload alignment transducer from testing machine
and re-load it at a position of 180 degrees about the longitu-
dinal axis.

A1.1.4 With the alignment transducer attached to upper
grips (and locked in the case of Type 2 alignment), re-zero the
strain gages of the alignment transducer.

A1.1.5 Attach the lower grip (and lock in the case of Type
2 alignments) and set testing machine at as close to zero
applied force as possible. Record strain gage readings.

A1.1.6 Take the average of each strain gage and apply it to
the alignment transducer tare for each individual gage.

A1.1.7 Proceed with the alignment verification in Section 9.

A1.2 Non Linear Correction Factors—If it is suspected that
the correction is not linear with applied force then additional
corrections for non linear behavior may also be applied by
performing steps in X1.1 at any applied force and creating a
non linear correction equation based on the level of applied
force or strain.

A2. CALCULATION OF TESTING MACHINE AND ALIGNMENT TRANSDUCER CONTRIBUTIONS TO OVERALL BEND-
ING

A2.1 Calculations for Differentiating Between Testing Ma-
chine and Alignment Transducer Bending Strain
Contributions—These calculations are based on mea-

surements taken at two orientations and are applicable only to
four strain gage alignment transducers. ( VAMAS report 42
(4))

NOTE A2.1—While the determinations of specimen and testing machine
bending strain contributions can be made for three strain gage configura-
tion alignment transducers as well, the calculations are beyond the scope
of this standard.

A2.2 Testing Machine Contribution—For a four strain gage
configuration alignment transducer the local bending strain due
to the testing machine at strain gage #1 can be calculated as:

b1mc 5 ~b1~orientation 1! 2 b1~orientation 2!!/2 (A2.1)

where:
Orientation 1 = the reading taken at the initial orientation,

zero degrees, and
Orientation 2 = the reading taken at the second orientation,

180 degrees.

A2.2.1 Calculate the local bending strain for the remaining
gages b2mc, b3mc, and b4mc in the same manner.

A2.2.2 Maximum bending due to the testing machine is
calculated as:

Bmc 5
1
2
=~~b1mc 2 b3mc!

21~b2mc 2 b4mc!
2! (A2.2)

A2.2.3 The maximum bending strain due to the testing
machine can be calculated by substituting the values from the
above equation for each of the strain gages into the equations
for maximum bending in the specific specimen type in Section
10.

A2.3 Alignment Transducer Contribution—For a four strain
gage configuration alignment transducer, the local bending
strain due to the alignment transducer at each strain gage can
be calculated as:

b1at 5 ~b1~orientation 1!1b1~orientation 2!!/2 (A2.3)

where:
Orientation 1 = the reading taken at the initial orientation,

zero degrees, and
Orientation 2 = the reading taken at the second orientation,

180 degrees.

A2.3.1 Calculate the bending strain for the remaining gages
b2at, b3at, and b4at in the same manner.

A2.3.2 Maximum Bending due to alignment transducer
(specimen) is calculated as:

Bat 5
1
2
=~~b1at 2 b3at!

21~b2at 2 b4at!
2! (A2.4)

A2.3.3 The maximum bending strain due to the alignment
transducer can be calculated by substituting the values from Eq
A2.4 for each of the strain gages into the equations for
maximum bending in the specific specimen type in Section 10.
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APPENDIXES

(Nonmandatory Information)

X1. SOURCES AND EFFECTS OF SPECIMEN MISALIGNMENT UNDER APPLIED AXIAL TENSILE OR COMPRESSIVE
FORCES

X1.1 Source of Misalignment Under Applied Axial Ten-
sile Forces

X1.1.1 The usual procedure in a uniaxial tension test is to
apply a tensile force to a specimen through grips attached to a
testing machine with suitable components and then correlate
the strain response of the specimen, as measured with an
appropriate strain-gaged alignment transducer, with the applied
stress. In the case of ideal alignment, the top and bottom grip
centerlines are precisely in line with one another and with the
centerlines of other components of the loading train. Moreover,
they are precisely in line with the specimen centerline. Finally,
the specimen is symmetric about its centerline. Departures
from the ideal situation are caused by poor alignment of the top
and bottom grip centerline, poor conformance of specimen
centerline to top and bottom grip centerlines, and asymmetric
machining of the test specimen itself. A combination of these
three sources of misalignment always operates in any test
under tensile forces. The occurrence of misalignment is recog-
nized in a wide range of Mechanical Testing and Fatigue and
Fracture activities dealing with a variety of materials.

X1.1.2 The characteristic elastic strain gradients resulting
from misalignment are such that the extreme elastic strains
occur at the surface. These gradients can significantly influence
the results of a tension test, especially results at strains less
than 0.002 where significant plastic strain and accompanying
strain hardening have not yet contributed to evening out the
gradients. Therefore, it is important to recognize the effects of
misalignment on the stresses and strains measured in studies of
the fracture strength of materials in a brittle state, stress-rupture
life, creep, notched-tensile specimens, fatigue, plastic
microstrain, alloy strengthening, and surface-sensitive
strength.

X1.1.3 The objective of any effort to improve alignment is
to bring the centerlines of all pertinent components into precise
alignment. Logically, the first piece of hardware on which to
focus attention is the testing machine itself. Testing machines
as-received from manufacturers may have deviations between
top and bottom grip centerline positions of 0.03 to 3.18 mm
(0.001 to 0.125 in.) or more. Moreover, further misalignment
may develop as applied forces cause testing machine frame
deflection or as nonaxial crosshead separation occurs. In the
worst case, deviations in this range have been reported to lead
to eccentricities resulting in a 50 to 100 % difference between
extreme surface bending strains and average strain.

X1.1.4 Another important factor in the alignment process is
the tolerances specified for the machining of components and
test specimens. In ordinary machine shop practice, tolerances
usually range +0.05 to +0.25 mm (+0.002 to +0.010 in.). These
tolerances may not be tight enough and may contribute to poor
alignment when the components of a loading train are as-

sembled. In the worst case, these tolerances have been reported
to lead to eccentricities resulting in a 50 to 100 % difference
between extreme surface bending strains and average strain.

X1.1.5 There are two further considerations for the devel-
opment of good alignment. One deals with the type of
components used. Some of these include threaded-vs-
nonthreaded components, spherical seats and universal cou-
plings with low friction, cross flexures, fluid couplings, and
other couplings which tend not to transmit a bending stress.
The other relates to specimen design, such as length and
length-to-diameter ratio. The approach to promoting good
alignment has been discussed in several papers (5-1).3

X1.2 Sources of Misalignment under Applied Axial Com-
pressive Forces

X1.2.1 Misalignment in compression takes on similar char-
acteristics to misalignment in tension, however different as-
pects of the testing machine, components and test specimen
can cause it. Compressive force application to a specimen
usually makes use of an entirely different set of mating surfaces
than tensile force application. Force is applied to threads on the
opposite side, grip surfaces can change, crossheads must be
locked from opposite sides, and actuators must be forced from
opposite sides to that of tensile force application. For this
reason, alignment in tension is often completely different from
alignment in compression.

X1.2.2 Testing Machine Lateral Stiffness—An additional
compounding problem in compression is the ability of the
testing machine to maintain its rigidity during compressive
force application. If extreme difficulties are encountered in
achieving adequate specimen alignment in compression, it may
be because of poor lateral stiffness of the testing machine. This
can be analyzed using a series of displacement gauges and
characterizing the displacements encountered between the
compressive load bearing components. This can be a complex
entity to accurately measure as the surfaces may deflect in any
of the three orthogonal directions, and in a non-linear fashion
(14).

X1.2.3 Acceptable alignment in both tension and compres-
sion can be difficult to achieve. Adjustments using alignment
enhancing components often have the opposite effect in tension
than they do in compression. For this reason, a compromise
between the quality of alignment in tension and the quality of
alignment in compression may be needed.

X1.3 Effects of Misalignment on Test Results

X1.3.1 Bending stresses associated with misalignment be-
tween the force application components and the specimen axes

3 The boldface numbers in parentheses refer to the list of references at the end of
this standard.
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have been shown to affect the results of tension, compression
and combined tension-compression tests (15-4). In routine
tension tests of most engineering materials, bending stresses
will be insignificant if sufficient plastic flow occurs during the
test to eliminate the bending stresses. However, when testing
under conditions where plastic flow is limited by inherent
brittleness of the test specimen material, or by need for
measurements near the elastic limit, or when plasticity is
confined to a small volume (specimens with stress concentra-
tion such as notches), small misalignment may give rise to
variable bending stresses which have noticeable effects on the
test results. For example, Morrison (11) noted that the yield
stress of carefully machined mild steel specimens tested in
torsion exhibited a 61 % variation from the mean, whereas the
yield stresses of the same steel specimens tested in tension
exhibited a 65 % variation. Morrison concluded that the larger
variation in tensile yield stresses resulted from misalignment
rather than from microstructural variations, and he stated that
“with the ordinary standard of accuracy in cutting the screwed
ends of the specimens, the slackness in the thread was quite
sufficient to allow the specimen to take up and retain under
load an eccentricity in the shackles which would account for
the variation in results.”

X1.3.2 Schmieder et al (12, 13) found that bending ranged
from 5 to 27 % and depended on specimen attachment to the
force application components prior force application, and type
of testing machine. These authors concluded that “most of the
nonaxiality of loading appears to be due to loose threads or
machining imperfections in the couplings.” Jones and Brown
(1) demonstrated that, at fixed stress, simply rotating a load-
train component through 360° about the longitudinal axis
changed the percentage of bending by a factor of more than 5,

from 8 to 43 %. In an experiment with other equipment, Jones
and Brown (1) found that bending could be varied between
about 2 and 14 %, depending on the relative rotational
positions of the specimen and of the top and bottom grips.
Hence, a fourth item which influences bending might be added
to the three cited by Schmieder et al, namely, the rotational
registry of the force application components.

X1.3.3 Robinson (15) reported a 40 to 60 % decrease in the
uniaxial tension–tension fatigue life of steel bolts when the
bending microstrain increased by a factor of two. Jones et al
(16) demonstrated a continuous decrease (ranging from 80 to
90 %) of notch-rupture life of a chromium-molybdenum-
vanadium steel, at 414 MPa 538°C (60 ksi 1000°F), as
eccentricity increased from a negligible value to 2.5 mm (0.1
in.) Christ (17) showed that results of plastic microstrain
studies and other pre-yield studies are ambiguous unless effects
of misalignment on the average microstrain are recognized.
Attention was directed to this point by McVetty (3) as early as
1928, but it has been frequently overlooked since then.

X1.3.4 Kandil (4) demonstrated the effects of misalignment
on fatigue life results in an interlaboratory study aimed at
quantifying uncertainties in low cycle fatigue testing. This
work illustrates the difficulty sometimes seen in achieving
proper alignment and the effect it has on test results. In the
study, laboratories are categorized by the classification of
alignment they were able to achieve. The test results are shown
in relation to this classification. The laboratories with the best
alignment had the highest fatigue lives. It is clear from this data
that poor alignment causes artificially low lives in low cycle
fatigue testing. This work led to a VAMAS procedure that
includes the classification system for quality of alignment (19).

X2. USE OF EXTENSOMETERS AND MECHANICAL COMPONENTS TO PERFORM BENDING ANALYSES ON UNIAXIAL
TESTING FRAMES

X2.1 Use of Extensometers in Measuring Strain for
Bending Analysis

X2.1.1 While it is the intent of this standard to require the
use of a strain-gaged alignment transducer to measure bending
strains in uniaxial testing and report a specific level of
alignment (that requires a strain-gaged alignment transducer),
extensometers that routinely measure strain in axial testing can
be a good way to measure bending strains in experimental
setups as well. This appendix provides guidelines for the use of
extensometers to assess the alignment state of a testing
machine.

X2.1.2 Mechanical components for measurement of strain
on a specimen can be an effective way to measure and allow for
in situ adjustments to improve alignment on a test specimen.
Components that attach to the specimen shoulders and measure
displacements at four equally spaced positions around the
circumference of a cylindrical specimen have been effectively
used for this purpose. Displacement measurement devices need
to have sufficient resolution to detect very small differences in
displacements around the specimen. If this method is used

these displacements should be converted to strain before
applying bending calculations. Strain should be calculated
using an effective gauge length as described in Test Methods
E21.

X2.1.3 For verification using an alignment fixture, a single
extensometer of the non-averaging type may be used by
rotating it to various positions around the perimeter during
successive force applications and recording strain data at
various applied test forces In general, repeated force applica-
tions to strain levels approaching yielding are not good
laboratory practice because they may affect the subsequently
measured results by deforming or fatiguing the alignment
transducer. Repositioning the extensometer around the speci-
men does not usually give highly precise and reproducible
results, but nevertheless is a technique which is useful for
detecting large amounts of bending.

X2.1.4 When multiple extensometers are used, the strain
may be determined by arithmetically averaging outputs. Elec-
trical outputs are thought to be more accurate and reproducible
than mechanical outputs.
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X2.1.5 Extensometers should be verified in accordance with
Practice E83. Typically extensometers that meet the ASTM
classification B-2 are adequate for many types of determina-
tions of alignment.

X2.1.6 When multiple strain sensors are used, alignment
transducer size limitations may dictate the use of electrical
resistance strain gages rather than extensometers or alignment

components employing mechanical linkages. Strain sensors,
such as mechanical, optical, or electrical extensometers, as
well as wire resistance or foil strain gages, can provide useful
displacement data. The sensitivity of displacement measure-
ment required by an applicable standard or specification
depends on the amount of bending permitted.
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SUMMARY OF CHANGES

Subcommittee E28.01 has identified the location of selected changes to this standard since the last issue
(E1012–12) that may impact the use of this standard. (Approved July 1, 2014.)

(1) Note 17 was added.
(2) Note 19 was clarified.
(3) 9.3.9 was clarified.
(4) Note 10 was added.

(5) Sections 7.7.2.3, 7.7.3.2, and 7.7.4.2 were revised.
(6) 7.7.4.1 was revised and 10.5 was added.
(7) Fig. 3A, Fig. 3B, and Fig. 3C were revised. Fig. 3D was
added.
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