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Standard Test Methods for
Bend Testing of Metallic Flat Materials for Spring
Applications Involving Static Loading *

This standard is issued under the fixed designation E 855; 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 3.1.2 bend properties-those properties of a material that
1.1 This standard describes three test methdols deter- are associated with elastic and inelastic behavior when a

mining the modulus of elasticity in bending and the bending?ending force is applied, or that involve the relationship
strength of metallic strips or sheets intended for the use in fld¢etween bending stress and strain.

springs: 3.1.3 bending stress at outer fiber (FL?—the nominal
1.1.1 Test Method A-a cantilever beam, stress in the outer fibers of a beam resulting from application of
1.1.2 Test Method B-a three-point loaded beam (that is, a @ bending load. _ ,

beam resting on two supports and centrally loaded), and 3.1.4 elastic limit in bending (FL ?)—the greatest bending

1.1.3 Test Method €-a four-point loaded beam (that is, a stress that a material is capable of sustaining without perma-
beam resting on two supports and loaded at two points equalfjent strain remaining after complete release of the bending

spaced from each support). moment. o . 5 .
1.2 Values stated in inch-pound units are to be regarded as 3-1.5 modulus of elasticity in bending (FL)—the ratio of
the standard. SI units are provided for information only. bending stress to corresponding strain below the elastic limitin

1.3 This standard does not purport to address all of thePending. _
safety concerns, if any, associated with its use. It is the 3-1.6 span length (Lj-the distance between supports.
responsibility of the user of this standard to establish appro- 3-1.7 uniform bending moment (Fya bending moment
priate safety and health practices and determine the appncathat produces a uniform strain at the outer fibers throughout the

bility of regulatory limitations prior to use. gage length of the specimen. , , ,
3.1.8 bending proof strength (FL")—the nominal stress in
2. Referenced Documents the outer fibers of a beam that results in a specific permanent

2.1 The following documents of the issue in effect on datestrain in the outer fibers upon unloading.

of use of these test methods form a part of these test methods3-1.9 cyclic bending yield strength (FL*)—the maximum
to the extent referenced herein: nominal stress in uniform cyclic bending resulting from a given

2.2 ASTM Standards: plastic deformation in the outer fibers of a beam.

E 4 Practices for Force Verification of Testing Machfhes ~ 3.1.10 offset yield strength in bending (FE)—the nominal
E 6 Terminology Relating to Methods of Mechanical Test-Stress in the outer fibers of a beam in bending at which a

ing? specified limiting deviation from proportionality of bending
E 111 Test Method for Young's Modulus, Tangent Modulus, Stress to bending strain is exhibited. The deviation is expressed
and Chord Modulus in terms of strain.
3. Terminology 4. Significance and Use
3.1 Definitions of Terms Specific to This Standard: 4.1 Measurements of bending strength and modulus of

3.1.1 In addition to the terms in Terminology E 6, the elasticity in bending should be made for materials whose
following descriptions of terms apply in connection with thesePrincipal stressing mode is bending. For many materials, the
test methods for determining bend properties: tensile and compressive moduli are somewhat different. Since

the bending modulus is a combination of the tensile and
compressive moduli, it is often different from each of them.
The_se test r_nethods are undgr the JUI’ISdICltIOII? of ASTM Com_m|ttee E28 on 4 2 Precise measurements of the modulus of elast|C|ty in
Mechanical Testing and are the direct responsibility of Subcommittee E28.02 OT) di d bendi t th ire d df
Ductility and Flexure Testing. ending and bending strength require due regard for numerous

Current edition approved March 30, 1990. Published May 1990. Originally variables that may affect their determination. These incldgle (

published as E 855 —81. Last previous edition E 855 —84. characteristics such as specimen orientation with respect to the
Method D, which appeared in the last previous edition, was dropped because %Iling direction, grain size, residual stresses, previous strain

the unavailability of commercial testing equipment. K . K R . . .
2 Annual Book of ASTM Standardéol 03.01. history, dimensions and specimen preparation, orientation of
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deformed grains relative to the direction of the normal stress; 8.3 Due to necessary approximations in this test method

and @) test conditions, such as tem- regarding the specimen’s deflectiob, and span,L, it is

perature, temperature variations, condition of the test equiprecommended that a deflection angle of 30° not be exceeded.

ment and adherence to the recommended test procedure. These approximations are explained in Appendix X1.

. 8.4 Rate of loading is controlled only to the extent that the

5. Fundamental Assumptions rate of angular change of the rotating jaw is fixed at 58 to
5.1 The test section of the specimen is subjected to unifornge°/min. Actual rate of stressing will depend on the specimen

bending moment (applies to Test Method C only). width and thickness and the weight of the pendulum.
5.2 The neutral axis is located at the centerline of the

thickness of the test specimen.
5.3 Transverse cross sections of the beam remain plane and
normal to the longitudinal fibers of the beam during bending.
5.4 The effect of shear stresses is negligible.

TEST METHOD A—CANTILEVER BEAM TEST

MOMENT SCALE

L
VISEV 1
CENTER
OF ROTATION,O
SCALE, A BENDING PIN

S%?.—Lég%'ﬂ (a)STARTING POSITION
6. Scope

6.1 This test method covers the determination of the modu-
lus of elasticity in bending and the offset yield strength in
bending of flat metallic strips or sheets for spring applications.
The test procedure involves measurements of the applied
moment and the corresponding angle of deflection of a SPECIMEN CENTER OF
cantilever beam. The thickness range covered is 0.015 t0 0.130 w ROTATION.0 (b) POSITION DURING TEST
in. (0.38 to 3.30 mm). This test method is not applicable for LOAD
nonlinear elastic materials. (Test Method A)

VISE V

IR

7. Summary of Test Method FIG. 1 Cantilever Bend Test Apparatus

7.1 The test specimen is loaded as a simple cantilever beam,
and the bending moment is measured at predetermined incr@- Apparatus
ments of angular deflection. When the maximum desired 9.1 The cantilever bend test appardtstiown in Fig. 1
deflection is reached, the bending moment is removed and thgnsists of the following components:
permanent set angle resulting from the bend is recorded. All 9.1.1 Specimen HolderA vise, V, to which an angular
testing is performed under conditions of plane strain (that isgeflection indicator),, is attached. The specimen holder is
ratio of specimen width/thickness >10). The bending momenotated about poin®.
and deflection data obtained are normalized with regard to g 1 2 pendulum Weighing Systeroomposed of a set of
specimen geometry. These normalized terms are then plotted {tachable weights, an angular deflection scale with a moment
produce a stress-strain curve for cantilever bending that igointer indicator,,, a loading pin that transmits the bending
similar to a stress-strain curve for tension or compression. Thgyrce of the pendulum system to the free end of the cantilever
modulus of elasticity in bending and the offset yield strength inspecimen, and a weight to counter-balance the loading pin. The
bending are determined from the bending stress-strain curv§endulum weighing system pivots about poi®t For a
using a procedure similar to that used for tensile stress-straifendulum system (Fig. 2) having no internal moments, the total
curves. bending momentM, is:

8. Significance and Use M = w dsind 1)

8.1 This test method may be used for obtaining values of,\hare:
offset yield strength in bending and modulus of elasticity in 1 = pending moment at angl Ibf-in (N-m),
bending. These values are useful to spring designers tqy total load applied by pendulum system, Ibf (N),
determine spring constants and permissible maximum deflecg length of the pendulum arm, in (m), and
tion of flat springs. It should be recognized that the offset yield g angle through which the pendulum system rotates, rad.
strength in bending as determined by this test method is not
necessarily equal to either the yield strength in tension, the 9.1.3 Angular Deflection Scale,,As graduated in degrees of
cyclic yield strength in bending, or to bending proof strengthsarc and indicates the angle through which the rotating vise has
determined by other methods. been turned relative to the pendulum system. This is the
8.2 The test method can also serve the following purposesiifference between the angle through which the vise has been
8.2.1 For research and development to study the effects afirned and the angle through which the load pendulum has
metallurgical variables, such as composition, heat treatmenbeen deflected, and is designated as agl€he loading pin
fabrication operations and alloy development. has a diameter of 0.25 in. (6.35 mm), and the distance between
8.2.2 Forinformation or specification purposes, to provide a
manufacturing quality control where suitable correlationshave
been established with service behavior. “The Olsen Stiffness Tester meets the requirements of this test method.
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the clamping point (that is, center of rotation of the pendulumvariation is 6 %, and the total error attributable to both measurement and
system) and the center of the loading pin is 2.0 in. (50.8 mm)actual variation is 8 %. Additional sources of uncertainty are the preci-
The reason for specifying the pin diameter and pin location jSions qf determining the span length, the specimen width, and the beam
explained in Appendix X1. deflection. ] ] )

9.1.4 Moment Scale- This stationary scale measures the 10.4 The ratio of the specimen span to thickness shall be
applied moment as a function of the pendulum’s rotatioA ~ 9reater than 15; consequently, since the span is 2.0 in. (50.8
full scale reading of 100 corresponds to the pendulum’@m): the specimen thickness cannot exceed 0.13 in. (3.30

maximum bending moment,,,. This system shall be cali- MM)- _ . _
brated such that the moment scale readfngs: 10.5 The width to thickness ratio shall be greater than 10.

The width shall be measured at both ends and the center of the
specimen. Specimens having width variations greater than
0.5 % of the average width are not acceptable. The minimum
o specimen width shall be 0.5 in. (12.7 mm). The specimen width
Mo shall not extend beyond the vise or the loading pin.

f = 100w dsino/M,, @)

— 11. Procedure

11.1 Place the machine on a level surface. Set the bending
span to 2.0 in. (50.8 mm) and adjust the moment indicator to
zero. For the best precision the maximum bending monént,

m, should be chosen so that the moment scale reading is
between 5 and 10 for an angular deflection of 3°. If this value
is not known, it can be estimated as follows:

M,, = 25E,bh’ $/fL ©)

dsing ==

where:
M, = pendulum’s maximum bending moment, in-Ibf (N-
m),
b m)odulus of elasticity in bending (can be approxi-
FIG. 2 Schematic of Pendulum System mated by Young’s modulus) Ibf/ifi(Pa),
specimen width, in. (m),
specimen thickness, in. (m),
angular deflection, rad (0.052 rad (3°) specified
10.1 Rectangular test specimens shall be used. Specimen here),
orientation relative to the rolling direction must be identified. f moment scale reading (select 7.5 in this case), and
Specimen curvature due to coil set is permitted if the ratio ofL span, 2 in. (50.8 mm).
the radius of curvature to thickness exceeds 500. However, the 11.2 Clamp the specimen firmly in the vise with its long
specimen cannot be twisted or wavy. No attempt shall be madedges approximately parallel to the face of the dial plate.
to flatten or straighten specimens prior to testing. Care shall be 11.3 Manually rotate the vise to bring the specimen against
exercised not to alter the microstructure during specimetthe loading pin. When contact is made, the angular deflection
preparation. All burrs shall be removed before testing. Testingndicator shall be set to indicate zero angle.
machine capacity will determine the maximum allowable 11.4 Hold down the motor engaging lever and record the
specimen size. moment scale readings at increments of 2° angular deflection
10.2 The recommended minimum specimen thickness iéb) until the desired deflection, not exceeding 30°, is reached.
0.015 in. (0.38 mm). The thickness shall be measured at th&he specimen then shall be unloaded. The permanent set angle
four corners and the center of the specimen. Specimens havirigsulting from the bend shall be read on the angular deflection
thickness variations in excess of 2 % of the average (of thesgcale with the specimen contacting the loading pin at zero load.
five measured thicknesses) shall not be tested. The instrument11.5 A minimum of six specimens shall be tested from each
used to measure the thickness shall have a precision within 2 @&mple. For specimens having an initial residual curvature, half
of the average thickness. of the specimens shall be tested with the concave surface
10.3 In Eq 3 in 11.1 it is shown that the value of the facing upwards and half with the convex surface facing
modulus of elasticity in bending varies as the third power ofupwards. All specimens shall be deflected to the same maxi-
thickness. Hence, thickness is by far the most critical measureénum angle. The allowable maximum deflection angle is 30°.
ment in the determination of the modulus. 11.6 Replication required for evaluating material variability
. . ithin either the same sample or among several suppliers shall
Note 1—For example, an error in the thickness measurement o

+0.0001 in. (0.0025 mm) for a specimen having the minimum recom- e covered in product specifications or upon agreement be-

mended thickness of 0.015 in. (0.28 mm), the measurement is reprodufWeen supplier and user.

ible to within 0.67 % and the error in modulus attributable to the ;

reproducibility of the thickness measurement is 2 %. Further, if thelz' Calculation ) ) .
thickness actually varies by 2 % over the gage section or by 0.0003 in. 12.1 The bending moment-deflection data are normalized

(0.0075 mm), the error in modulus attributable to actual thicknesswith regard to specimen geometry and plotted on coordinate

w
(Test Method A) E

b
h
b

10. Test Specimens
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paper with the bending stress havind(3, f/50bh %) as the  ments from the average value, deviation of thickness measure-
ordinate and the bending strain [(3/2) f/L)] as the abscissa ments from the average value, and precision of the deflection
(see Appendix X1). These symbols are defined in 11.1. Theneasurements.
resulting bending curve is similar to a tension or compression 14.2 Bias—A statement of bias requires a reference stan-
stress-strain curve. dard or a true property value based on many measurements of
12.2 The value of the modulus of elasticity in bendiigg,  the property of the same material. Such standards or true values
shall be determined by the slope of a straight line extendingre presently not available for bending properties of metallic
from the maximum deflection datum point (max) to the flat spring materials. Therefore, the bias of the test method is
permanent set point (p.s.), that is: unknown.

Ep = [(Myf/250tF)/($h/L)max — ($h/L)p.s] 4 TEST METHOD B: THREE-POINT BEAM TEST

12.3 The first step in constructing the bending stressstrain TEST METHOD C: FOUR-POINT BEAM TEST
curve is to draw a straight line having slofg such that it 45 Scope

asses through the origin. The actual data points for elastic L
P 9 g P 15.1 These test methods cover the determination of the

loading may be slightly displaced from this line. The non- qul f elasticity in bendi 4 the bendi £t h
linear portion of the bending stress—strain curve is constructeflodulus of elasticily in bending and € bending proot streng
by drawing a curve through the remaining data points anc?f flat metallic strips or she.ets for spring appllcanons. The test
connecting it with the modulus of elasticity line methods consist of deflection tests of a simple beam configu-
124 Offset vield strenaths in bendina can be.obtained fro ration subjected to either three- or four-point symmetrical
o y ng naing ki ading. The thickness range covered is 0.010 to 0.050 in. (0.25
the bending stress—strain curve using a procedure analogous.fo
. . . to 1.3 mm).
that used for tensile or compressive stress-strain curves. The
offset yield strengths in bending for strains of 0.01, 0.05, and Nore 3—Thicknes§ ranges outside of those specified may be agreed
0.10 % should be determined, provided this does not requirdPon between suppliers and users.
that the maximum allowable deflection angle of 30° be

16. Summary of Test Methods
exceeded.

16.1 The test specimen is loaded as a simple beam in either
Note 2—These values of offset yield strengths in bending are notthree- or four-point symmetrical loading. The modulus of
nece'_ssarll_y equal to either the _yleld strengths in ten3|or_1, the CyC“‘éIasticity in bending is obtained by load-deflection measure-
benﬁlndg yield strength, or to bending proof strengths determined by Other[nents at stresses below the elastic limit. The bending proof
methods. strength is obtained by a stepwise increasing loading— unload-
13. Report ing sequence carried out until a specified permanent set is

. . . measured on unloading.
13.1 The following shall be included in the report.

13.1.1 Complete description of the material tested, includ- NOTe 4—In these test methods the specified permanent set corresponds
. . - to a maximum outer fiber strain after springback of 0.0001 in./in.
ing alloy, temper, and manufacturer’s identification number, (mm/mm)

13.1.2 Specimen dimensions and orientation relative to the

rolling direction, 17. Significance and Use
13.1.3 Test temperature, and 17.1 These test methods are useful for obtaining values of
13.1.4 The modulus of elasticity in bending and an estimatgroof strength in bending and modulus of elasticity in bending.
of the precision of the value reported. These values are useful to spring designers to determine spring

13.1.5 Offset yield strengths in bending, for strains of 0.01.constants and maximum permissible deflection of flat springs.
0.05, and 0.10 % within the limitation of a maximum deflection It should be recognized, however, that the proof strength in
angle of 30°, plus an estimate of the precision of the value§ending determined by these test methods is not necessarily
reported. equal to either the yield strength in tension or to the cyclic

13.1.6 Estimate of the precision of the values reported. P€nding yield strength. _
17.2 These tests can also serve the following purposes:

14. Precision and Bias 17.2.1 For research and development to study the effects of
o metallurgical variables such as composition, heat treatment,
14.1 Precision fabrication operations and alloy development.

14.1.1 The precision of the values of the modulus of 17.2.2 For information or specification purposes, to provide
elasticity in bending and the offset yield strength in bendinga manufacturing quality control where suitable correlations
will depend on the precision of each of the values used in thave been established with service behavior.
calculations, as well as the mean and standard deviation of the 17.3 For most loading systems and test specimens, effects of
values determined for each of the replicate tests. It is suggestefhcklash, initial specimen curvature, and grip backlash intro-
that the report include an estimate of the precision of the valueguce significant errors in the deflection or curvature measure-
reported. ment when applying a small load to the test specimen.

14.1.2 The following parameters will affect the results andTherefore, bending modulus measurements should be made
can be quantified as precision of the applied weights, precisiobetween a preload high enough to minimize these effects, and
of the span length measurement, deviation of width measurex higher load known to be below the proportional or elastic
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limit. For linear elastic materials, the slope of the straight line Note 5—If, in the case of universal testing machines the relative
portion of the bending—stress versus bending—strain curverosshead displacement is used as a measure of specimen deflection,
should be established. For non-linear elastic materials thoper correction must be made for machine and load cell stiffness.
chord or tangent modulus may be established for stress values18.1.3.1 The elastic deflection used in determining the
ranging from the appropriate preload to the elastic limit. modulus of elasticity in bending, and the permanent set used in
17.4 Because of difficulties associated with accurately esdetermining the bending proof strength, shall be measured
tablishing the origin of the stress-strain curve, due to thébetween outer supports to midspan. Interference forces from
problems mentioned in 17.3, the use of secant modulus dhe measuring device must not exceed 0.05 % of the applied
initial tangent modulus is not recommended. force during the test. Deflection shall be measured to an
accuracy o0f+0.002 in. (0.05 mm).
18. Apparatus
18.1 The apparatus consists of two adjustable supports arkP- Test Specimens
a means for measuring deflection or curvature and for applying 19.1 Rectangular test specimens shall be used. Specimen
load. orientation relative to the rolling direction must be identified.
18.1.1 Supports—The supports should have a 60° angle Specimen curvature due to coil set shall be permitted if the
with a radius of 0.005 in. (0.13 mm) at the supporting edgeratio of the radius of curvature to thickness exceeds 500. The
One knife edge should be straight and the other convex (0.58pecimen shall not be twisted or wavy. No attempt shall be
in. (13 mm radius of curvature)). Their mutual separationmade to flatten or straighten specimens prior to testing. Care
should be adjustable along the specimen longitudinal axis (Figshall be exercised not to alter the microstructure during

3). specimen preparation. All burrs shall be removed before
18.1.2 Load Application testing.
18.1.2.1 Applicator Geometrn-The load applicator shall 19.2 The recommended minimum specimen thickness shall

have a 60° angle with a radius of 0.005 in. (0.13 mm). In thebe 0.010 in. (0.25 mm). The thickness shall be measured at the
case of three-point loading the load is applied at midsparfour corners and at the center of the specimen’s gage section.
using one such applicator as shown in Fig. 3. In the case dbpecimens having measured thickness variations in excess of
four-point loading, two load applicators are used, symmetri2 % of the average (of these five measured thicknesses) are not
cally spaced from the supports as shown in Fig. 4 and thacceptable. The instrument used to measure the specimen’s
distance between the load applicators shall equal 2/3 of ththickness shall have a precision of within 2 % of the average
span length. One of the load applicators shall have a convethickness.
(0.50 in. (13 mm)) radius of curvature. Note 6—In Eq 5 and Eq 6 in 18.2.4 it is shown that the value of the
18.1.2.2Dead Weights-Calibrated dead weights may be modulus of elasqticity in bgnding varies as the third power of thickness.

used with the load applicator. Any cumulative error in the deadHence, thickness is by far the most critical measurement in the determi-
weights or the dead weight loading system shall not exceedation of the modulus. For example, for an error in the thickness
1.0 %. measurement of=0.0001 in. (0.0025 mm) for a specimen having the
18.1.2.3 Testing Machines-In determining the suitability minimum recommended th_ickness of 0.010 in. (0.25 mm), the thickness
of a testing machine, it is advisable to calibrate the maching'¢asurement is reproducible to within 1% and the error in modulus
under conditions app;roximating those under which the testattrlbutal_)le to the reproducibility of the thickness measurement is 3 %.
. . . . ?urther, if the thickness actually varieg B % over the gage section or by
will be made, together with the load applicators, in accordancg ooz in. (0.0050 mmy, the error in modulus attributable to actual
with Practices E 4. Corrections may be applied for systematignickness variation is 6% and the total error attributable to both
errors in load. Any cumulative error in the machine loadingmeasurement and actual variation is 9 %. Additional sources of uncer-
system shall not exceed 1.0 %. tainty are the precisions of determining the span length, the specimen
18.1.3 Deflection Measurement Deviees It is recom-  Width, and the beam deflection.
mended that a deflectometer, or a cathetometer be used t019.3 The span length shall be 150 times the nominal
determine the specimen deflecti@p,at midspan as shown in thickness in the range 0.010 in. to 0.020 in. (0.25 to 0.51 mm),

Fig. 3 and Fig. 4. inclusive, and 100 times the nominal thickness in the range
'L’E:& AKPNPIFL'lECEB%E WITH - C NOTE ! ALL KNIFE EDGES HAVE 0.005in (O.I3mm)RADIUS.
P [
SPECIMEN .
Ear.c-¢ SECT. A-A' ik 60° / ’r SECY B-8'_— 0 5in. 13mm)R
g S 0
MOVABLE SUPPORT WITH
PLAIN KNIFE EDGE ggx\AlBE%(EKlel‘:EPOERDTG:”H
o )
P} 8l
ﬁ—Lg_'—b

(Test Method B)

FIG. 3 Three-Point Bend Test
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L
(Test Method C)

FIG. 4 Four-Point Bend Test

exceeding 0.020 in. (0.51 mm). Specimen width shall be 0.150 E, = PL°/4bh®3 (5)
in. (3.81 mm) in the thickness range 0.010 to 0.020 in.,

inclusive, and 0.500 in. (12.7 mm) in the thickness range Four—Point Loading

exceeding 0.020 in. The total specimen length shall be 250 E, = [Pa3L? — 4a%)/4bh*5] ©)

times the nominal thickness in the range of 0.010 to 0.020 in.
and 165 times the nominal thickness in the range exceedingvhere:
0.020 in. B =
19.4 The width shall be measured at both ends and thé-
center of the specimen. Specimens having width variationg
greater than 0.2 % of the average width are not acceptable.
19.5 A minimum of six specimens shall be tested, half of
which shall be tested with the concave surface facing upwards
and half with the convex surface facing upwards.

modulus of elasticity in bending, Ibf/ih(Pa),

span length between supports, in. (m),

specimen width, in. (m),

specimen thickness, in. (m),

load increment as measured from preload, Ibf (N),
deflection increment at midspan as measured from
preload, in. (m), and

N ; X . . ... a = (for four point loading) the distance from the support
19.6 Replication required for evaluating material variability to the load applicator when the specimen is straight
within either the same sample or among several suppliers shall (see Fig. 4), in. (m).

be covered in product specifications or upon agreement be-

tween supplier and user. 20.2.5 The average modules of elasticity in bending shall be

determined for a minimum of six specimens, half of which
shall be tested with the concave surface facing upwards and
half with the convex surface facing upwards.

20.3 Bending Proof Strength:

20. Procedure

20.1 Measurement of Specimendeasure the thickness as

specified in 17.2 using any means of measuring which is
repeatable and precise to within 2 %. 20.3.1 The procedures of 20.2.1, 20.2.2, and 20.2.3 shall be

20.2 Modulus of Elasticity in Bending followed. The specimen then shall be loaded to within 90 % of

20.2.1 The supports shall be spaced per Fig. 3 or Fig. 4. Th@e estimated proof strength value and unloaded to the preload.

specimens shall be placed symmetrically on the knife edges.! "€ 10ad then shall be increased to 92, 94, etc. % of the proof

20.2.2 A preload corresponding to approximately 20 % Ofstrength until a permanent strain in the outer fiber of 0.01 % is
the béﬁding proof strength shall be applied. observed on unloading. This corresponds to a permanent

deflection,3,, at the center of the span:
Note 7—This value of proof strength can be estimated by means of a Three—Point Loading
preliminary test.

, 3 = 0.0001.2/6h (7
20.2.3 The specimen shall be then gently tapped by hand to Four—Point Loading
minimize friction at the supports. Both load and displacement ) 5
8p = 0.00013L?% — 4a%)/12h (8)

at midspan shall be measured either incrementally or continu-
ously up to 50 % (maximum) of the estimated proof strength Nore 9—Eq 7 and Eq 8are obtained by substituting Eq 9 or Eq 10 into
value (see Note 8). In the case of the dead weight OEq5 and Eq 6, respectively, and setting/E, =0.0001.

incremental loading, at least five measurements shall be taken

from the preload to the maximum load for each specimen. __20-3-1.1 The load>,, which produces permanent s&f, is

calculated from a linear interpolation of the two value pairs of
Note 8—Friction effects may further be reduced by lubricating the (1) load and (2) permanent set above and below the exact

supports. value ob , desired (Eq 7or Eq 8).
20.2.4 The modulus of elasticity in bending is obtained as 20.3.1.2 The bending proof strengtd, , Ibf/in.? (Pa), is
follows: then determined as follows:
Three—Point Loading Three—Point Loading
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o, = 1.5P, L/bt? (9)  22. Report
Four—Paint Loading 22.1 Report the following information:
o, = 3P ,albh’ (10) 22.1.1 Complete description of the material tested, alloy,

temper and manufacturer’s identification number,

Note 10—These values of proof strength are not necessarily equal to . . . . . .
the yield strength in tension. 22.1.2 Specimen dimensions and orientation relative to
rolling direction,

20.3.2 The average bending proof strength shall be deter- 557 3 Taqt temperature
mined for a minimum of six specimens, half of which shallbe 5574 Type of loading ’(Test Method B or C) and stress

tested with the concave surface facing upwards and half Wi“?ange for which data were used

the convex surface facing upwards. 22.1.5 Type and sensitivity of test equipment,

i 22.1.6 A measure of the variability of the load deflection
21. Interpretation of Data data,
21.1 Modulus of Elasticity in Bending 22.1.7 Modulus of elasticity in bending, and an estimate of
21.1.1 If a plot of load versus deflection is obtained bythe precision of the value reported, and
means of an autographic recorder, the value of the modulus of 22.1.8 Bending proof strength and an estimate of the preci-
elasticity in bending may be obtained by determining the slopeion of the values reported.
of the straight portion of the line. Choice of the lower load . .
point depends on the limitations set forth in 17.3. The modulu€3: Precision and Bias
of elasticity in bending is calculated from the load increment 23.1 Precision
and the corresponding deflection increment between two points 23.1.1 The precision of the values of the modulus of
on the straight line as far apart as possible, using either Eq 5 @lasticity in bending and the bending proof strength will
Eq 6, depending on whether three or four point loading isdepend on the precision of each of the values used in the
utilized. calculations, as well as the mean and standard deviation of the
21.1.2 If the load versus deflection data are obtained irvalues determined for each of the replicate tests. It is suggested
numerical form, the errors which may be introduced bythatthe reportinclude an estimate of the precision of the values
plotting the data and fitting graphically a straight line to thereportec®

experimental points may be reduced by determifiray using 23.1.2 The following parameters will affect the results and
the method of least squares, or the strain deviation method (sean be quantified as: precision of load cell calibration, preci-
Test Method E 111). sion of span length measurement, deviation of width measure-

21.1.3 For non-linear elastic material, the load points andnent from average value, deviation of thickness measurement
corresponding deflection points used in calculating chord ofrom average value, and precision of deflection measurement.
tangent modulus should be reported. In the case of tangent 23.2 Bias—A statement of bias requires a reference stan-
modulus, the method for establishing the tangent to the curvdard or a true value based on many measurements of the

should be reported. property of the same material. Such standards or true values are
21.2 Proof Strength in Bending presently not available for bending properties of metallic flat
21.2.1 Deflectionp,, which produces the specified perma- spring materials. Therefore, the bias of the test method is
nent set shall be determined as outlined in 20.3.1. unknown.

21.2.2 LoadP ,, corresponding to deflectio®, , shall be

determined as outlined in 18.3.1. . . ) N .
21.2.3 The proof strenath in bendina shall be calculated a: See M. G. Natrella, “Experimental Statistics,” NIST Handbook 91 available
L p g g u fom National Institute for Standards and Technology (formerly National Bureau of

outlined in 20.3.1. Standards), Gaithersburg, MD 20899.
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APPENDIX
(Nonmandatory Information)

X1. TEST METHOD A

X1.1 For this test method, the specimen is treated as g7 = specimen width, in. (m), and
rectangular cantilever beam with a concentrated load atits fre¢y = specimen thickness, in. (m).
end . Experimentation has shown that when the loading pin is x1.2.1 However, instead of the loa®, the test method
setat 2.0 in. (50.8 mm) from the end of the vise and the loadingneasures the maximum bending momént,which occurs at

pin's diameter is 0.25 in. (6.4 mm), the specimen’s spanhe clamped endV is related toP by:
remains approximately equal to 2.0 in. through a deflection of

30° since the increase in specimen length due to the curvature M=PL (X1.2)

of the specimen is nullified by the rotatigh, of the specimen- ~ X1.2.2 In terms of the moment scale reading (see section
loading pin contact point about the loading pin’s circumference/-1.4):

(Fig. X1.1). M = fM,,/100 (X1.3)

X1.2.3 The specimen’s deflectiol, is approximated by
the length of an arc having radilsand an included angle ¢f
radians. Using this approximation,

CONTACT AT START OF TEST

VISE

SPECIMEN

8 D=L (X1.4)
QXL"J; PN X1.2.4 Combining Eq X1 through X4:
_ , E, = fM,,L/25bbh* (X1.5)
FIG. X1.1 Rectangular Cantilever Beam With a Concentrated ) . .
Load at Its Free End X1.2.5 The maximum bending stress occurs in the outer
fibers at the clamped end:
X1.2 The deflectonD, of the loaded end is given by the oy, = 6M/bH (X1.6)
cantilever equation: X1.2.6 Combining Eq X3 and Eq X6:
— 3 3
D = 4PL°/E,bh (X1.1) o, = 3M,,f/500H (X1.7)
WherE: o ) 2 ) X1.2.7 The bending strain in the outer fibers at the clamped
E, = modulus of elasticity in bending, Ibf/in."*" end corresponding to the stress given by Eq 7 is as follows:
P = end load, Ibf (N),
L = span, the actual curved length of the cantilever, in. & = 0u/Ep (X1.8)
(m), or using Eq 5 and Eq 7:
D = deflection of the loaded end of the beam, in. (m), ¢, = (312(bhL) (XL.9)
b = .
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