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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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Tensile testing of metallic sheet materials at high strain rates is important to achieve a reliable analysis of
vehicle crashworthiness. During a crash event, the maximum strain rate often reaches 103 s=1, at which the
strength of the material can be significantly higher than that under quasi-static loading conditions. Thus, the
reliability of crash simulation depends on the accuracy of the input data specifying the strain-rate sensitivity of

the paterials.

Although there are several methods for high-strain rate testing, solutions for three significant pfoblems are

req

The

The)
elor

ired.
first problem is the noise in the force measurement signal.

The test force is generally detected at a measurement point on the force.measurement de
located some distance away from the test piece.

Furthermore, the elastic wave which has already passed the cmeasurement point return
reflection at the end of the force measurement device. If the festing time is comparable to
wave propagation through the force measurement devicej the stress-strain curve may
oscillations as a result of the superposition of the directand indirect waves. In quasi-st

vice that is

s there by
the time for
have large
htic testing,

contrarily, the testing time is sufficiently long to have multiple round-trips of the elastic wave. Thus, the

force reaches a saturated state and equilibrates at any point of the force measurement device

There are two opposing solutions for this problem:

quickly. This approach is often adopted in the servo-hydraulic type system.
— The second solution is to usg awery long force measurement device which allows the cq
a test before the reflected wave returns to the measurement point. The elastic-bar typ
based on the latter appreach.

second problem is the.need for rapid and accurate measurements of displacement or
gation.

Conventional extensometers are unsuitable because of their large inertia. Non-contact type m
as optical angdiaser devices should be adopted. It is also acceptable to measure displacemen
theory of elastic wave propagation in a suitably-designed apparatus, examples of which are g
this document.

The displacement of the bar end can be simply calculated from the same data as force meast

The first solution is to use a short force measurement device which will reach the satlirated state

mpletion of
b system is

test piece

bthods such
ts using the
iscussed in

rement, i.e.

the’ strain history at a known position on the bar. Thus, no assessment of machine stiffness id

required in

The

the elastic-bar-type system.

last problem is the inhomogeneous section force distributed along the test piece.

In quasi-static testing, a test piece with a long parallel section and large fillets is recommended to achieve

a homogeneous uniaxial-stress state in the gauge section. In order to achieve a valid tes
equilibrium during the dynamic test, the test piece must be designed differently from t

t with force
he typically

designed quasi-static test piece. Dynamic test pieces must generally be smaller in the dimension parallel

to the loading axis than the test pieces typically used for quasi-static testing.
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The elastic-bar-type system can thus provide solutions for dynamic testing problems and is widely used to
obtain accurate stress-strain curves at around 103 s=1. The International Iron and Steel Institute developed the
“Recommendations for Dynamic Tensile Testing of Sheet Steel” based on the interlaboratory test conducted
by various laboratories. The interlaboratory test results show the high data quality obtained by the elastic-bar
type system. The developed knowledge on the elastic-bar-type system is summarized in this part of
ISO 26203; part 2 of ISO 26203 covers servo-hydraulic and other test systems used for high-strain-rate tensile
testing.
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Metallic materials — Tensile testing at high strain rates —

Part 1:
Elastic-bar-type systems

1 |Scope

Thig International Standard specifies methods for testing metallic sheet materials to defermine the
streps-strain characteristics at high strain rates. This part of ISO 26203 covers.the use of elagtic-bar-type
systems.

The] strain-rate range between 10-3 to 103 s~ is considered to be the most relevant to vehicle cfash events
based on experimental and numerical calculations such as the Finite Element Analysis (FEA) work for
craghworthiness.

In ogrder to evaluate the crashworthiness of a vehicle with accuracy, reliable stress-strain characterization of
metallic materials at strain rates higher than 10-3 s~1 is essential.

Thig test method covers the strain-rate range above 102's-1.

NOTE 1 At strain rates lower than 10-1 s-1, a quasi‘static tensile testing machine that is specified in ISQ 7500-1 and
1ISO|6892-1 can be applied.

NOTE 2  This testing method may be applied/to tensile test-piece geometries other than the flat test piecgs considered
herq.

2 [Normative references

The| following referenced~documents are indispensable for the application of this document| For dated
references, only the edition cited applies. For undated references, the latest edition of the|referenced
docpment (including any~amendments) applies.

ISO|6892-1, Metallic'materials — Tensile testing — Part 1. Method of test at room temperature

3 [Prineiples

Thelstress=strain-characteristics-of metallic-materials-at high strain rates are evaluated

At a strain rate higher than 10 s~1, the signal of the loading force is greatly perturbed by multiple passages of
waves reflected within the load cell that is used in the quasi-static test. Thus, special techniques are required
for force measurement. This may be accomplished in two opposite ways:

one is to lengthen the force measurement device in the loading direction, in order to finish the
measurement before the elastic wave is reflected back from the other end (elastic-bar type systems);

another way is to shorten the force measurement device, thus reducing the time needed to attain dynamic

equilibrium within the force measurement device and realizing its higher natural
(servo-hydraulic type systems).

© 1SO 2010 — All rights reserved
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Tests at low strain rates (under 10-1 s-1) can be carried out using a quasi-static tensile testing machine.
However, special considerations are required when this machine is used for tests at strain rates higher than
conventional ones. It is necessary to use a test piece specified for high-strain-rate testing methods. Annex A
provides details of the test procedure for this practice.

4 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

41
elastic-baritype system
measuring pystem in which the force-measuring device is lengthened in the axial direction to prevent force
measuremgnt from being affected by waves reflected from the ends of the apparatus

NOTE The designation “elastic-bar-type system” comes from the fact that this type of system normally employs a
long elastic kar as force-measuring device.

5 Symbols and designations

Symbols arld corresponding designations are given in Table 1.

Table 1 — Symbols and designations

Symbol Unit Designation
Test piece
ae mm Original thickness of a flat test piece
by mm Original width of the parallel length of a flat test piece
bg mm Width(s) of the grip section 6f a test piece
Lo mm Original gauge length\[sgée 7.1 €)]
L. mm Parallel length
Liotal mm Total lengththat'includes the parallel length and the shoulders
L, mm Final gaugelength after fracture
r mm Radius of the shoulder
So mm?2 Original cross-sectional area of the parallel length
Sb mm?2 Cross-sectional area of the elastic bar
Time
t S Time
Elongation
Percentage elongation after fracture
A % NOTE With non-proportional test pieces, the symbol 4 is supplemented with an index which
shows the basic initial measured length in millimetres, e.g. 459, = Percentage elongation after fracture
with an original gauge length L, = 20 mm
A, % Specified upper limit of percentage elongation for mean strain rate

2 © 1SO 2010 — All rights reserved
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Symbol Unit Designation
Displacement
u mm Displacement by the elastic wave
uq mm Displacement at the end of the original gauge length
up mm Displacement at the end of the original gauge length
up(?) mm Displacement of the end of the elastic bar at time ¢
Strain
e — Engineering strain
es — Desired engineering strain before achieving equilibrium
£ — Elastic strain
& — Elastic strain at the end of the elastic bar (see Annex B)
& — Elastic strain at section C (see Annex B)
Strain rate
e s—1 Engineering strain rate
¢ s—1 Mean engineering strain rate
Force
Force
Fr Maximum force
Stress
R MPa Engineering stress
Rm MPa Tensile strength
Ry MPa Proof strength, total extension
Modulus of elasticity
E MPa Modulus of elasticity
Ey, MPa Modulus of elasticity of the bar
Wave velociy
o mm s-1 Velocity of the wave propagation in the elastic bar
c mm s-1 Elastic wave propagation velocity in the test piece
Velocity
7\ Frr-S=1 Yeleeiy-ofthe-mpactblock{seeArnext)
v mm s-1 Particle velocity at any point in the bar (see Annex C)
Vi mm s-1 Incident particle velocity (see Annex C)
Ve mm s-1 Reflected particle velocity (see Annex C)
Vi mm s-1 Transmitted particle velocity (see Annex C)
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6 Apparatus

6.1

Elastic bar. By using a long elastic bar, the test should be finished before the elastic wave is reflected

back from the other end of the bar that is on the opposite side of the test piece. Consequently, the force can
be measured without being perturbed by the reflected waves. For this method, the one-bar testing machine
and the split Hopkinson bar (SHB) testing machine are normally used (see Annex B and Annex C).

6.2

Input device. For the input method, open-loop-type loading is normally applied. The upper limit of the

input speed is approximately 20 m s=1. For the SHB testing machine, a striker tube or striker bar is used. For

the one-bar

testing machine, a hammer is normally used.

6.3
elastic bar)

The clampi
clamping fi
impedance
used, prope

6.4
length, typig

The locatio
In order to
five times tk

NOTE
machine for

.
To ensure t
guides for t

6.5 Disp

relative displacement between two points in the gauge section, e.g. the initial and final gauge lengths of

test piece.
used and th
to the inerti
strain rates

Measuring
in 6.5.1 to 6

should be fecorded for the duration of the test. These devices may be used in combination. For exan

when devig
length (Z,)
the strain g

6.5.1 No

Force measurement device. Force should be measured by strain gauges-of'a suitably short g3

is critical to data quality (see Annex B and Annex C).

ng fixtures for the SHB or one-bar testing machines are mounted directly on the elastic bars.
ktures should be of the same material and diameter as the elastic bars to.‘énsure min
change when the stress wave propagates through the loading train. If a different material or siz
r consideration should be made in the evaluation of stress and strain.

ally 2 mm, attached to elastic bars that are directly connected with thetést piece.

of the strain gauges should be in an area where the elastic waveé is not influenced by end effq
easure a one-dimensional elastic wave, the strain gauges shall be attached at a distance at |
e diameter of the bars from the ends of the bars (see Annéx B and Annex C).

[he measurable strain-rate range by this method is 102 s-17or higher. It is impractical to construct a te
btrain rates below 102 s-1, because bar lengths of severaktens of metres in length would be required.

he validity of stress-strain curves, the straightngss of the elastic bars is crucial. Proper support
he elastic bars are essential in achieving this.

acement measurement device. Strain-in the tensile test is represented by the ratio between

Senerally, in quasi-static testing, an extensometer attached to the gauge section of the test pieg
e measurement is accurate. However, at high strain rates, it is impossible to use this method
A effects of the extensometer. Thus, displacement or test piece elongation measurement at
shall use the non-contact\type devices or strain gauges on elastic bars.

jevices that can be.utilized for measuring displacement in elastic-bar-type systems are descr
.5.3. These deyicés are recommended for strain rates up to 103 s~ and measured displacem

es 6.5.1 and~6.5.3 are used in combination, the displacement at one end of the original g4
s measured by the noncontact-type displacement gauge (6.5.1) and the other end is measure
huge (6.5.3) that is attached on the surface of the bar.

Claniping mechanism. A proper clamping mechanism (a method for connecting a test piece and an

The
mal
e is

uge

bets.
bast

5ting

the
the
e is
due
nigh

bed
ents
ple,
uge
H by

pcontact-type displacement gauge. The displacement at one end of the original gauge le

ngth

(L) is measured and recorded by laser, optical or similar devices.

By using two 6.5.1 type devices or one 6.5.1 type device and one 6.5.3 type device, the variation of Ly in
Figure 1 (type-A test piece in Clause 7) with time can be measured and the elongation can be calculated.

6.5.2

Noncontact-type extensometer. High-speed cameras, Doppler or laser extensometers, or other

non-contact systems can be applied for measuring the variation of L. in Figure 2 (type-B test piece in

Clause 7).

6.5.3 Strain gauge. The variation of displacement of the end of the elastic bar with time should be
calculated using Equation (1) which is based on the strain history measured by the strain gauge attached to
the elastic bar.
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t
MB(I) = Coj.ogB(t)dt

where

6.6
stre
The)
that

typi
min

71

Tes

ug(t) is the displacement of the end of the elastic bar at time ¢,
& is the elastic strain at the end of the elastic bar (see Annex B);

o is the velocity of the wave propagation in the elastic bar.

(1)

all recorded data are not negatively influenced by the frequency response of any-individual
cally this requires minimum frequency response on the order of 500 kHz. For-digital data re
mum resolution of measured data should be 10 bits.

Test piece

Test-piece shape, size and preparation
-piece geometry is determined by the following requirements.

The required maximum strain rate determines thé€“parallel length. A test piece of shorter
achieve higher strain rates. In order to achieve\force equilibrium in the test piece, the pa
should be short enough at a given strain-rate range.

less than 20 mm.

Uniform deformation over the. parallel length of the test piece requires that the force

Lsis'the parallel length of the test piece;

¢ is the elastic wave propagation velocity in the test piece;

Data acquisition instruments. Amplifiers and data recorders such as oscilloscopes are*usgd to assess
5s-strain curves from raw signals. Each instrument should have a sufficiently high frequencly response.
frequency response of all elements in the electronic measurement system must be_selectef to ensure

component;
corders, the

length can
rallel length

In order to assure equilibrium of forces‘at-the strain rates up to 103 s~1, the preferred parallel length is

should be

equilibrated at both ends of the.test piece. Force propagates as an elastic wave. To achieve |equilibrium,

at least the following inequality should be satisfied.

Lo _es @
C e

where

c)

es is the desired engineering strain before achieving equilibrium;

e is the testing strain rate.

The width of the test piece should be determined to obtain uniaxial stress during the test. The following

rule should be applied:

L_0>2
bO

© 1SO 2010 — All rights reserved
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o 5o )
do
where

a, is the original thickness of a flat test piece;

b, s the original width of the parallel length of a flat test piece;

L,__is the original gauge length.

d) Generally, unless impractical or unnecessary, the thickness of the test piece should be the fullthickness
of the material as far as testing capacity permits.

e) The raflius at the shoulder of the type-A test piece (see Figure 1) should be small enaugh that L;.{, is
considered as the original gauge length (L,). The radius at the shoulder of the type:-B’test piece (see
Figure 2) should be large enough that L is considered as the original gauge length~(Ly).

For type-A and type-B test pieces, uncertainties exist in uniaxial tensileCdata calculated from|bar
displagement. These uncertainties result from the non-uniformity of axial strain within the original gguge
length,|used here as the reference gauge length for strain calculations., Té.assess the potential effects of
strain rjon-uniformity, it is recommended that two sets of quasi-static frug-stress versus true-strain data be
compafed, i.e.

1) onkg obtained from strain measurements based on bar displacements (i.e. the displacements af the
-end positions on the test piece) and referenced to_L{gy, or L, for the selected high strain-rate|test
pigce geometry, and

2) the¢ other obtained from strain measurements with*an extensometer mounted to the central part of the
parallel reduced section of a conventional tensile test piece conforming to ISO 6892-1.

The result of this comparison should be .inCorporated in the test report to provide an assessment to
potential users of high-strain-rate tensile(data obtained with this specification. If the difference is outside
of a vajue agreed by the user and tester, then strain measurements based on local strain measuremgnts
within the gauge length should be used:

f)  The grlp should have a much_larger cross section than that of the parallel length of the test piece to
ensure|negligible deformatien.and definitely no plastic deformation at the grip zone. Usually, becaus¢ the
thickngsses of the grip and-gauge length of the test piece are the same, the ratio of the grip and| the
gauge |ength width shatheomply with the following rule

bO J?t

™ < . (5)
where

b, s the original width of the parallel length of a flat test piece;

by is the width of the grip section of a test piece;

R, is the tensile strength;

R, is the proof strength, total extension.

g) Machined surface should be free of cold work, cracks, notches and other surface defects, which can
cause stress concentration.

6 © 1SO 2010 — All rights reserved
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. Lrotal .

< LC >

Key|
be original width of the parallel length
by width of the grip section
L parallel length
Liota] total length that includes the parallel length and the shoulders
r radius of the shoulder

Figure 1 — Type-A test piece

A \g /
A J
Qm -QO
/ \ A
A J
< LC .y

Key,|
be original width of the parallel length
by width of the grip section
L. parallel length
r radius of the shoulder

Figure 2 — Type-B test piece
7.2| Typicaltest piece
Redomimended dimensions of test pieces are shown in Figures 3 and 4. The ratio between the W
gripland gauge section is normally above 2.
Based on the test methods and/or test purposes, other test piece configurations can be used.

1:2010(E)

idths of the

The typical test pieces in Figures 3 and 4 are appropriate when the maximum measured strain rate is up to
103 s~1 and when the comparison of test results obtained at several strain rates is required. During uniform
elongation, the size effect of a test piece would be small. However, because after uniform elongation,
measured properties depend on the test-piece size, it is recommended that all test pieces used to obtain a

sing

le data set should have the same geometry and dimensions, even for the low-strain-rate tests.
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Liotal

g |

Dimensions in millimetres

b, maximum 5
Ltotal 10
r 1,5

Figure 3 — Typical dimensions of a type-A test piece

N L =
Dimensions in millimetres
be maximum 5
Le 10
r 5,0

Figure 4 — Typical dimensions of a type-B test piece

8 Calibration-of-the-apparatus
8.1 General

The output of the strain gauge should be calibrated by applying a known static force to the strain gauged
elastic bar. Figure B.1 shows an example of the one-bar testing machine.

In the case of the SHB testing machine, stress and strain can be calculated by applying the theoretical
equation with the density, modulus of elasticity and the transmission speed of the longitudinal wave in the
elastic bar. In this case, it is necessary to carry out tests after precisely measuring each physical property and
ensuring its consistency. (Details are given in Annex C.)

8 © 1SO 2010 — All rights reserved
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Displacement measuring device
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For the displacement measuring devices, the appropriate calibration shall be carried out in the static condition.

9

9.1

Procedure

General

Using the input device (6.2), high speed strain is applied on the test piece along the axial direction of the test

pied
inst
dev

The]
dev

The)
tem
ate

9.2

Wh
pieg

Whd
end
Figu

9.3

For
tubd

NOT
Hop!

9.4

The
dis
inte
be 1

€. The force applied 1o the test piece IS measured by the force measurement device (0.4).
hnce, the variation of Ly, L, or L, of the test piece is measured by the displacement 'm
ce (6.5).

configuration of the test piece should be determined based on the designated strain-rate rang
ce (6.2), the force measurement device (6.4), and displacement measurement device (6.5).

test is carried out at room temperature between 10 °C and 35 °C, unless otherwise specifig
perature may be recorded if needed. Tests carried out under controlled-conditions should be ¢
mperature of (23 + 5)°C.

Mounting the test piece

bn the test piece is mounted in the clamp, ensure good alignment to apply only axial force. A
e and the elastic bar should be connected carefully to ensure a good alignment.

bn a type-A test piece is selected, the test piece should be mounted such that the spacing b
5 IS Lyt (S€€ Figure 1) and the test-piece reduced-gauge section should be centred within thig
re C.3).

Applying force

be is applied by the methods described in 6.2. To obtain the targeted strain rate, the velocity @
, striker bar or hammer shouldibe determined in advance.

E Guidelines on the vglocity of the hammer for the one-bar method and the velocity of the strike
kinson bar method are provided in B.2 and C.2, respectively.

Measuring and recording

force measurement devices specified in 6.4 measure the time variation of elastic stra
lacement, measuring devices specified in 6.5 measure the time variation of the displacer
faces between the elastic bars and the test piece or of both end points of L,. These measure
ecofded.

t the same
pasurement

e, the input

td. The test
bnducted at

Iso the test

btween grip
space (see

f the striker

r for the split

n, and the
nent of the
d data shall

a)

Engineering strain and engineering strain rate (e, e )

Engineering strain (e¢) and engineering strain rate (¢) should be calculated from displac

ement data

obtained following the technique outlined in 6.5. Engineering strain and engineering strain rate should be

calculated using the following equations.

e=(u1—u2)/L0

© 1SO 2010 — All rights reserved

(6)


https://standardsiso.com/api/?name=fe08a615710d8fcd7f9df8b48596694a

ISO 26203-1:2010(E)

— €1~ €n
At

where

uq, uo are displacements at the ends of the original gauge length;

e,.1 isthe engineering strain at step n+1;
e, is the engineering strain at step »;
At is time increment between steps » and n+1.

b) Engineering stress (R)

()

Using the force measured according to 6.4, the engineering stress is calculated by thefollowing equation.

R ¥ FIS,

where
R | is the engineering stress;
F| is the force;

S, | is the original cross-sectional area of the parallel length.

(o]

c) Percentage elongation after fracture (4)

Percentage elongation after fracture should be determined using the following equations as appropriate.

For a type-A test piece,

AE Ly = Liotal
Ltotal
where
A is the percentage elongation after fracture;
L, is the-gduge length after fracture;
L4t Ais\the original gauge length of a type-A test piece.

(8)

9)

For a type-B test piece,

A s the percentage elongation after fracture;
is the gauge length after fracture;

is the original gauge length of a type-B test piece.

(10)

10 © 1SO 2010 — All rights reserved
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d) Mean strain rate (¢ )
The mean value of the strain rate is obtained by averaging between strains of 1 % (0,01) and 10 % (0,1).

(0,1-0,01)
f10 — 14

e =

(11)

where

¢ __is mean strain rate (s=1);

ty s the time at a strain of 1 %);
t4o s the time at a strain of 10 %.

When the fracture strain is less than 10 %, calculate the mean strain rate between a strain of | % and the
measured fracture strain.

By agreement, the upper limit of strain range can be changed from 105 to another specified value such
as the strain at the peak force.

When another specified value is applied as the upper limit of percentage elongation, the symbol should
be as follows

€1-4,

where 4, is the specified upper limit of percentage elongation for mean strain rate.

10 |Evaluation of the test result

Dug to problems in evaluation of material characteristics, a retest or a suitable interpretation of the test data
shopld be considered for the following cases:

a) |the fracture of a test piece/does not occur within a quarter distance of the gauge length from the centre of
the test piece;

b) |the signal of stress’has large oscillations (see Figure 5);

c) |the mean_ strain rate is significantly different from the target strain rate and the initial rise in the strain rate
is not within the agreed strain range (e.g. 5 % of strain);

d) |within'the agreed strain range, the variation of strain rate exceeds £ 30 % of the mean strain the;

e) the slope of the stress-strain curve in the elastic region in the dynamic condition is significantly different
from expected slope (irregular slope, Figure 5).

© 1SO 2010 — All rights reserved 11
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Key

1 data with
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There are t

of the stres

The first iss
machine, o

]

ing stress (MPa)
ing strain

Figure 5 — Example of a measurement problem in a high-strain-rate test

wo major quality issues for high-strain-rate tensile testing: 1) load oscillation; and 2) irregular s
5-strain curve in the elastic region.

ue is due to a problem in the force measurement system. Load oscillations appear when the

This can bg¢ remedied through a careful readjustment of the machine configuration and/or alignment of

support or g

The second

uides for the elastic bar:

issue concerns_amirregular slope in the elastic region of the stress-strain curve. This can be

to the addifion of deformation in elements of the load train outside the gauge section of the test piece.

problem is
the theory

beldom seen.in bar-type systems because the displacement of the bar end can be obtained u
of elastic wave propagation. However, an irregular slope can appear when the mountin

clamping sfrength ‘hetween the test piece and the attachment (see Figures B.2 and B.3) is insufficient an

when the e
bar end.

Hgeofithe test piece (i.e. the edge of Li.y) is located at a position significantly different from

ope

test

elements in the load train; are not properly aligned (e.g. non-straight or misaligned elastic bpar).

the

due
This
5ing
) or
d/or
the

In such cases, the testing configuration should be adjusted.

11 Test report

By agreement between interested parties, the test report should contain items selected from the following:

a) referen

ce to this part of ISO 26203;

b) specified materials, if known;

12
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c) test method (force-measuring method, displacement-measuring method, and type of load cell, etc.);
d) identification of test piece;

e) geometry and dimensions of sampling of test piece;

f) location and direction of test piece;

g) measured properties and results, i.e. stress-strain curve with strain rate, mean strain rate, maximum
tensile stress—strain, percent elongation after fracture, etc.

© 1SO 2010 — All rights reserved 13
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Annex A
(informative)

Quasi-static tensile testing method

A.1 Scope

This annex
strain-contr

A.2 Inpu

The testing

machine sh
electro-med

A.3 Clamping method

The testing

securely ho
construction that does not apply force other than tensile force:

A.4 Forc

The force d

attached to

A.5 Disp

Depending

Displacemsg

attached to

In cases wh

strain rate

considered.

NOTE
be used.

A.6 Test

explains the method to be used for determination of tensile properties of metallic materials*u
bl within an approximate strain-rate range between 103 s~ and 10-1 s,

t method/machine types
machine used for causing strain shall be in conformity with ISO 7500-1,The grade of the tes

all be subject to agreement between the parties concerned. For this test; a testing machine of
hanical or servo-hydraulic type is usually used.

machine shall be equipped with a clamp suitable for the\test piece. The clamp shall be capab
ding the test piece over the operation centreline of the‘tester throughout the test, and shall ha

e measurement method

uring the test is measured with a load'cell usually comprising an electrical-resistance strain g4
an elastic body.

lacement measurement

on the shape of the.test piece, Ly, L or Ly, is measured.

nt during the test is measured by the travel of the crosshead or, preferably, with an extensom
the test piece.

eredhe crosshead travel is measured, the resulting strain rate at the test piece may be lower
détermined from the crosshead travel, because the compliance of the testing machine is

5ing

ting
the

e of
be a

uge

eter

han
not

piece

An extensometer of a type that uses a differential transformer, an optical extensometer or a strain gauge can

Using same configurations of test pieces for high-strain-rate testing and quasi-static testing is recommended.
Depending on agreement between the parties concerned, however, a test piece of a different size may be

used.

14
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NOTE In the evaluation of automotive crash properties, material properties at different strain rates are
consistent evaluation at all strain rates in the strain range, the use of identical test pieces is desirable.

A.7 Procedure

A7

.1 Test piece setup

-1:2010(E)

required. For

Using a clamp suitable for the test piece with a particular geometry, it should be ensured that axial force only
is applied to the test piece throughout the test.

A.7

By feedback control from an extensometer, strain shall be applied to the test piece at the required

For
con
rate

If ng

required strain rate may be provided.

A.7
Dur
forc
cald

a)

|2 Straining

the displacement measurement by the cross-head displacement, the cross<head veloci
rolled to ensure that the estimated strain rate over the parallel length coincides with the reg

bcessary, an approach zone in which the test piece cannot be strained.until the strain rate

13 Measurement and recording

ng the test, force and test piece displacement changes:in, time shall be measured and rec
e and displacement measuring apparatus. Strain rate;<enginering stress, and mean strain
ulated from data measured, using the following equations.

Strain rate (¢)

— €1~ €n

At

é

where

e,,1 is the amount of(Strain at step n+1;

e, isthe amountof strain at n step;

At is the time increment between steps » and n+1;

Engineering stress (R)

strain rate.
ty shall be
uired strain

eaches the

brded using
ate can be

(A1)

(A.2)

c)

F s the force;

S, is the original cross-sectional area of the parallel length;

Mean engineering strain rate (¢ )

The mean value of the engineering strain is obtained in accordance with 9.4 d).

© 1SO 2010 — All rights reserved
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Annex B
(informative)

Example of one-bar method

B.1 Principle of the one-bar method

Force is m
before the

made by ar

piece. In pri

In principle
taking into
3x103 51
from the ot
output barl®

pbasured by a long elastic bar known as the output bar. The measurement has to be compl
eturn of the elastic wave reflected at the other end of the output bar. An input of deformatia
impact block that is directly hit by a hammer and the impact block causes deformation 'of the
nciple, there is no limitation to the duration of the testing time using this configuration

there is no upper bound of the applicable range of strain rate in the one-bar,method. Howg
account that the test piece has a finite length, the upper limit is practically’ from 2 x 103 s
The lower bound is limited by the return of the stress waves to the position of the strain g4

her end of the bar and is normally about 102 s=1. The lower limit depends on the length of
NI[21(3][41[5]

bted
nis
test

ver,
T to
uge
the

C BA
Ltotal
| — 1 .
o/ 3
: d,
6 - 7
\ vif)
g § \ >
2 4 5
Key
1 hammer
2 output bar
3 impadt block
4 test plece
5 fastenjing-rod
6 strain gauges
dg distance between sections B and C
Liotar  total length that includes the parallel length and the shoulders
v(t)  velocity of the impact block
A end of the impact block
B end of the output bar
C position of strain gauge
Figure B.1 — Scheme of the one-bar method high-strain-rate tensile testing machine
16 © 1SO 2010 — All rights reserved
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\
\ \
o\ c
® o3
° =
2 6
Key|
1 fest piece
2 pttachment
3 reinforcement
4  positioning pin
5 Fastening rod
6 ppot weld

Figure B.2 — Test piece for the one-bar method

B.2 Input method/machine types

Defprmation input is controlled by the“velocity of the hammer in an open-loop manner. The hammmer hits the
imppct block, which then causes _deformation of the test piece. The maximum velocities of the hammer and
the [impact block are about 10 s~1 and (15 to 20) m s, respectively. The velocity of the impact block
depends not only on the velocity of the hammer but also on the properties of the test piece. The velocity of the
hammer should be chosen based on these factors in order to obtain the desired strain rate.

B.3 Clamping:methods

An gttachment/ and a fastening rod are used to clamp the test piece. The diameter of the atfachment is
selgcted soras to be equal to that of the output bar. As shown in Figure B.2, a slit is formed in the|attachment
and|the test piece is firmly attached using adhesive such that the attachment can be considered ag an integral
parf ofthe test piece. The attachment is installed on the output bar using a screw thread. Precisge alignment
and intimate contact are required in order to minimize the acoustic impedance mismatch. Therefore, the end
of the attachment can be considered as the end of the output bar after the clamping. The other end of the test
piece is clamped to the impact block using the fastening rod. The tensile force is applied through the fastening
rod that penetrates a hole in the test piece. A reinforcement plate is spot-welded onto the test piece in order to
strengthen the hole region.

© 1SO 2010 — All rights reserved 17
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B.4 Force measurement

Force is measured by the output bar to which the test piece is directly clamped. The output bar should be long
enough that the measurement is complete before the return of the elastic waves reflected at the other end of
the output bar. The bar diameter is selected depending on the maximum force of the test piece. For instance,
several experiments have been performed on the condition that the length of the output bar is 5 m and the
diameter is in the range of 12 mm to 20 mm.

The axial force F(¢) at section B in Figure B.1 can be determined from the amplitude of the elastic strain at
section B, g-as

F(1) = BpSp, &g (1) B-1)

where
E,, is the modulus of elasticity of the bar;
S, is fhe cross-sectional area of the bar;
& s the elastic strain at section B.

Considering the propagation of the elastic waves in the bar, g5 can be €xpressed in terms of the elastic s{rain
at section g, &g

&) = sg(t + dg/co) B.2)
where

cg s fhe velocity of the wave propagation;,

dg is the distance between sections B and-\C;
& is the elastic strain at section C:

When the length of the test piece-L,is short enough and the stress distribution is homogeneous throughout
the length 1|, of the test piece, the engineering stress of the test piece becomes

R(t)=-?=[§—bJEbsg(t+dg/co) B.3)

(o] o]

B.5 Dispfacement measurement

Both end displacements of the test piece are measured using two different techniques. The displacement in
the output bar side, ug, is measured by the strain gauge attached to the output bar at the distance 4, from the
bar end, as is usually performed in the bar system. The displacement in the impact block side, u,, is
measured by a non-contact-type electro-optical-displacement transducer.

Displacement calculations from strain gauge output assume that wave propagation in a bar is
one-dimensional. The displacement by the elastic wave that propagates in the negative direction of x is given
as

u=flx+cgt) (B.4)

18 © 1SO 2010 — All rights reserved
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Thus, the relation between time derivative of the displacement (du/d¢) and the strain (e = du/dx) becomes

Ju Ju
A e en = B.5
ot co ox (B-5)
The displacement at section B is
—j’a”—Bdt— j’g dt (B.6)
uB = 0 at —CO 0 B .

Corfstdering the defay of the wave propagation {g(7) = &y T dgico)], e aisplacement at Sectign B can be
rewfitten as

tauB t
uszO ! dtzcojogg(t+dg/co)dt (B.7)

Dis;rlacement in the impact block side, u,, is recorded as the velocity v,(¢) ofcthe impact blo¢k using an
anajogue differentiating device. Then, the displacement of section A is

un = [ valr)dr (B.8)

When the length of the test piece L is short enough and the strain distribution is homogeneous throughout
the Jength L, of the test piece, the engineering strain of the test\piece is

() :“AL;“B - Lij;[vA(t)—cogg(Hdg cg)]dr (B.9)

Thelengineering strain rate is derived by the time-derivative of the engineering strain as

&(t) =Li[vA(t)—cogg(t+dg /co)] (B.10)

(o]

B.q Test procedure

B.6l1 Calibration and-verification of the force measurement

Before the execdtion of tests, calibration and verification of the force measurement device| should be
performed. The\output of g, is recorded during static loading of the output bar, which should be Kept straight
during calibration. An example is shown in Figure B.3. Here, &, is expressed as its amplified signal (U,). It
shobld be-verified that the output (&;) shows a linear relation with the force.

© 1SO 2010 — All rights reserved 19
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Figure B.3 — Example of the force measurement calibration in the one-bar method

B.6.2 Clamping of the test piece

The attachrment, which is actually a part of the test\piece, is installed on the output bar using a screw. Onl|this
occasion, the alignment of the output bar and'the test piece should be strictly maintained along the tensile
direction. A proper support or guide might be’ effective to achieve this. However, it should be noted [that
excessive dontact between the support/guide and the bar decays the quality of the bar's strain gauge signal.
The other end of the test piece is clamped-by the fastening rod with the impact block.

B.6.3 Input of deformation

The hammer directly hits the-impact block at a given velocity and the impact block generates the tensile
deformation in the test piece‘through the fastening rod.

B.6.4 Me3gsurement and record

The output pfithe strain gauge attached to the output bar, £,, is measured and recorded as a function of tjme.
At the same-tifre-the-veloeity-of- the-impactbleekrr{r-which-isthe-time-derivative-of- the-displaeementisalso

measured and recorded as a function of time.

B.7 Example of a high-strain-rate tensile test using the one-bar method

An example of a high-strain-rate tensile test for mild steel is shown in Figure B.4. Figure B.4 a) shows the
output signals recorded by a digital oscilloscope. One is the output signal of the strain gauge, &,, and the other
is the velocity of the impact block, v(z). The engineering stress, the engineering strain and ﬁwe engineering
strain rate are evaluated using these data and the equations above and shown in Figure B.4 b).

Another example for high strength steel is shown in Figure B.5.
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obtained by analysis of raw data

Figure B.4 — Example of a high-strain-rate tensile test using the one-bar method (mild steel)
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Figure B.§ — Example of a high-strain-rate tensile test using the one-bar method (high strength st¢el)
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Annex C
(informative)

Example of split Hopkinson bar (SHB) method

Principle of the SHB method

The]
mat}
mar

The)

material and having the same diameter, and a mechanism to generate an incident wave in th

Wh
wau
sho

wheg

original SHB testing machine was developed to measure the compressive mechanical b
erials at high strain rates. Because of its simplicity, modified Hopkinson bar schemes-were ¢
y investigators for loading test pieces in uniaxial tension and torsionl6l7].

SHB testing machine comprises two elastic bars (an input bar and an outpuf.bar), made (
bn waves of constant amplitude are applied to the input bar, and the incident, reflected, and

es are depicted at the input bar/test piece interface and the test piece/output bar interface, resy
vn in Figure C.1, the engineering strain rate in the test piece is given by-Equation (C.1)[8l.

1

)=+ i -[vie)-v, )]}

total
re
e is the engineering strain rate;

is incident particle velocity;

. is reflected particle velocity;

Vi is transmitted particle velocity;

Lyotg 18 the total length thatincludes the parallel length and the shoulders.

ehaviour of
esigned by

f the same
b input bar.
transmitted
ectively, as

(C.1)

Key

A W

Fy
F

1 3 2
» Z /
V= q Vr<-->F1->F2 Vi q
N \
4 <fofél 4

input bar

output bar

test piece

strain gauge

force at the end of the input bar
force at the end of the output bar

Figure C.1 — Incident, reflection and transmission of the strain waves in the input and output bar

© 1SO 2010 — All rights reserved

23


https://standardsiso.com/api/?name=fe08a615710d8fcd7f9df8b48596694a

ISO 26203-1:2010(E)

The velocity can be related to strain by Equation (C.2).

o=—-pcgy, ¢ E
=pcoV,  Co =,
P

o Ee pc02£
V= = - =— =—Co€é

Pco Pco Pco

(C.2)

(C.3)

o s [he propagating stress;

cg s fhe propagation velocity of the elastic wave in the bar;
p s fhe density of the bar;

E is modulus of elasticity;

€ is the elastic strain in the bar;

v is the particle velocity at any point in the bar.

By substituling Equation (C.3) in Equation (C.1), the engineering strainrate is

. 1 c
(1) =4+—{vi ()= [vil) v ()]} = ——2{e(0) - [1() - 4]}
Lotal Liotal
where
& is The elastic strain generated by the incident wave;

is the elastic strain generated by the reflected wave;

& is The elastic strain generated by the transmitted wave.
On the othgr hand, force at eachrend of the test piece is

Fy(t) HESp [ £(1)+ £4(1))

Fo(t) 5 ESpe(8)

where

—

—~ o~

F, s the force at the end of input bar;
F, s the force at the end of output bar;

S, is the cross-sectional area of the elastic bar.

24
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The engineering stress is
R()=" 12;52 = §§b [ei()+ &, (1) +£4(1)]
where
R s the engineering stress in the test piece;
S, s the original cross-sectional area of the test piece.
If the forces at both ends of the test piece are equal, the following equation appliesl®l:

From Equation (C.8), engineering strain rate (e'), engineering strain (e), and_engineering strg
erally given by the following equations(®l.

gen

The]
and
indd
stra

initial plastic deformation of the test piecé can be evaluated.

C.2

Figu
ope

£1(0) +&,(1) = £4(0)

1) =20 [ (1) - e(1)]

Ltotal
e(r) = J.;e'(t)dt
R(t)= =0 8,0

(o}
SHB method is a high-strain-rate tensile testing method for a strain-rate range generally betw
103 s~1. The strain-rate range can reach @p to 104 s=1 by shortening the gauge length; how

ce impact deformation. The maximumsstrain induced in the test piece is determined by the pr
n rate and the loading time (durationof the incident wave). Therefore, if the strain rate is too |

Input method

re C.2 shows three typical models of loading mechanisms which use the SHB method. All thre
n-loop type. They-are used in practical applications in systems where

compressive-waves are generated by a striker, and reflected waves from the opposite side of]
end are utilized in a high-strain-rate tensile test [Figure C.2 a)],

terisile waves are directly applied by a striker [Figure C.2 b)], or

1:2010(E)

(C.7)

(C.8)

bss (R) are

(C.9)

(C.10)

(C.11)

een 102 s—1
bver, it may
bduct of the
bw, only the

e are of the

the loading

— tensile waves accumulated by clamping the input bar are released into the input bar [Figure C.2 ¢)]10ll11],

NOTE

When designing an SHB testing machine, Reference [12] may be useful.
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Figure C.2 — Input methods with SHB
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