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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
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the International
Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
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consists of the following parts, under the general title Metallic materials — Tensile testing at
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Introduction

The deformation behaviour of many technical materials shows a positive strain-rate effect up to ductile failure,
i.e. with increasing strain rate, an increase of yield stress and strain to failure can be observed. This information
is of great importance for the reliable assessment of crashworthiness of automobile structures, which is
increasingly determined by numerical methods to minimize the need for cost-intensive and time-consuming
crash tests. For the numerical simulation of crash-type loads, stress-strain curves determined at higher strain
rates are required. The quasi-static values determined according to ISO 6892-1, i.e. strain rates lower than or
equal to 0,008 s, are not suitable for the description of the behaviour of the material of a component under
dynamic load, i.e. at strain rates higher than those in quasi-static tests.
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Metallic materials — Tensile testing at high strain rates —

Part 2:
Servo-hydraulic and other test systems

1

This
geo
rate
usin

NOT
stati

NOT
FAT

The
refe)
(inc

ISO|

For

For
des

Scope

part of ISO 26203 gives requirements for the testing of metallic materials. Only examplés fo

5 from 102 s~1 to 103 s~1. Tests are carried out between 10 °C and 35 °C and, unless '6therwis
g a servo-hydraulic-type test system.

E1 Measurements at strain rates lower than 102 s~1 can be performed usifig machines design
C testing.

E2 For test piece geometries other than those shown in 71 and Annex B, see ESIS P7 (Referg
Guideline (Reference [2]).
Normative references

following referenced documents are indispensable>for the application of this document
rences, only the edition cited applies. For undated references, the latest edition of the reference
uding any amendments) applies.

6892-1, Metallic materials — Tensile testing=— Part 1: Method of test at room temperature

Terms and definitions

the purposes of this document;.the terms and definitions given in ISO 6892-1 apply.

Symbols

the purposes of this“™document, the symbols given in ISO 6892-1 apply. Additional symbol
Criptions are provided in Table 1.

Table 1 — Symbols

- testing flat

metries are given; however, other geometries can be tested. The area of application spans a rampge of strain

e specified,

pd for quasi-

nce [1]) and

For dated
d document

5, units and

[d))

ymbol Unit Description

Test piece

ao mm Original thickness of a flat test piece

bo mm Original width of the parallel length of a flat test piece

bk mm Width(s) of the clamping area of the test piece

Lo mm Original gauge length

Lc mm Parallel length

Le mm Extensometer gauge length

r mm Transition radius

So mm?2 Original cross-sectional area of the parallel length

Sp mm?2 Dynamometer area: area on the fixed side of the test piece where only elastic
deformations are required during the test
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Table 1 (continued)

Symbol Unit Description
Time
t S Time
tf s Duration from beginning of test to moment of fracture initiation
Elongation
A % Percentage elongation after fracture
NOTE For non-proportional test pieces, the symbol 4 is supplemented by a subscript, which
shews—the-orginalgatgetengthi—inmilimelres—e-g—lsmm—peteeniage-—clongatenrafieriraei Ure

with an original gauge length Lo = 20 mm.

Extension

Ag % Percentage plastic extension at maximum force, Fiy,

(plastic strain at maximum force, Fiy)

Agt % Percentage total extension at maximum force, Fiy

(total strain at maximum force, Fp)

Strain
e(t) % Time-dependent engineering strain
epl % Plastic engineering strain
et % Total engineering strain
&l True plastic strain
& True total strain
Rates
Vo mm s~ Initial displacement rate
€nom s Nominal engineering strain rate-= v /Lc [Equation (1)]
€mean s Mean engineering strainwrate’= 4/t [Equation (4)]
é(t) s Time-dependent engineering strain rate = de(¢)/dt
epl s Mean value of.tRe time-dependent engineering strain rate: de(s)/d¢ in the range betwegdn
start of yieldor1 % strain and strain at maximum force [Equation (5)]
fu Hz Upper frequency limit of the relevant measuring system (force or extension)
Force
Fm N Maximum force

Engineering stress — True stress

MPa2 Engineering stress

MPa True stress

Yield strength — Proof strength — Tensile strength

ReL MPa Lower vield strength
Rp MPa Proof strength, plastic extension
Rm MPa Tensile strength
Modulus of elasticity — Slope of stress-strain curve
E MPa Modulus of elasticity
mg MPa Slope of the elastic part of the stress-strain curveP

a 1 MPa=1N/mm2.

b In the elastic part of the stress-strain curve the value of the slope can closely agree with the value of the modulus of elasticity if
optimal conditions (high resolution, double-sided averaging extensometers, proper alignment of the test piece, etc.) are used.
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The stress-strain characteristics of metallic materials at specific plastic strain rates are determined.

To perform tension tests at strain rates above those described in ISO 6892-1, the measurement of force and
elongation of the original gauge length, Lo, shall meet additional requirements in order to obtain reliable high-rate
stress-strain curves. This part of ISO 26203 describes the requirements for determining and evaluating the
stress and strain in force equilibrium during plastic deformation at strain rates up to 103 s=1.
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Froin a mechanical point of view, the load train should be.compact and easy to manage. This enab

train
cell

7

71

Flat
pied
sec

parallel length, L¢, shall’be maintained so that the original gauge length, Lo, is in a state of uniaxia

Figy
tran

Ie

ing machines in conformity with this part of ISO 26203 work on the principle that the kinetic gne
e test is applied on the impact (or loading) side of the test piece (see Figure A.1). The léad cs
opposite end of the test piece, which is fixed or restrained in a clamp/grip (see Figure A.1)
strain rates is preferably impact-like and, therefore, often does not allow a fixed caupling of th
e testing machine. All testing machines that permit a constant strain rate (within gertain boun
hg the entire test are suitable for testing.

most common high-rate testing machine applicable to this part of ISO 26203 utilizes a servo-hy
J with a slack adapter (see Reference [3]). Other systems, which may include, for example, flywhe
drop towers, may be used on condition that the requirements given inthis part of ISO 26203 are

bxial-symmetric parallel alignment of the test pieces in the load, train shall be verified in orde
Hing moments. The alignment of the load train elements maybe performed in accordance with A
Reference [4]).

to attain short acceleration times while also maintaining the natural frequency of the clampi
system at as high a level as possible.

Test pieces

Test piece geometry

tensile test pieces are usedfor the dynamic testing of sheet materials. The strain rate developsg
e gauge length is dependent on both the applied displacement rate and the parallel length of
ion in the test piece. (A'test piece with a shorter parallel length enables higher strain rates.

re 1). Therefore,.the recommended sizes of the parallel length, Lc, the width, 5o, the thickness
sition radius, 7 for the test piece are as follows:

Lo by X2

Lo2\Lg+by /2

gy required
Il is located
Loading at
e test piece
is; see 9.3)

Hraulic drive
b| impactors
met.

I to prevent
STM E1012

les the load
ng and load

d in the test
he reduced
However, a
stress (see
ao, and the

het] o 2
[0] [O N

bo b " 0,5
r>10 mm

Here by is the width of the clamping area.

Frequently used test piece dimensions based on ISO 6892-1 are given as examples in Annex B. Other
geometries of test pieces (e.g. ISO 26203-1, ESIS P7 and FAT guideline) may be applied if agreed upon
between the interested parties.
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Figure 1 — Characteristic test piece dimensions

h order to reach force equilibrium at low strain (beginningof'the test) for high strain rates up to 103 s~
choose an appropriate length for the test piece.

the test pieces are designed to fit the available ' machine clamping devices. The dimensions o
test pieces shall be designed such that only elastic deformation takes place within the sample €
pst.

burement using strain gauges attached to the test piece (see Figure 1) requires a dynamom
xeferences [1] and [5]). The dynamometer zone is located at the fixed or restrained end of the
astic deformation is permissible’'in the dynamometer zone.

bce design should be _validated prior to high-strain-rate testing. Validation can typically inv
quasi-static tests on-high rate test pieces within the strain rate limit permitted in ISO 6892-1.
perties derived from-these tests should be compared with the data derived using the test p
procedure andrtest machine in accordance with ISO 6892-1.

7.2 Prep

The instructions and comments for the manufacture of flat tensile test pieces in ISO 6892-1:2009, Annex B, §
be followed| In-addition, special care should be taken to prevent strain hardening at the cut edges. Spark eros

water jet cu

edges, surface r

remain in th

ration of\test pieces

itis

the
nds

eter
test

Dblve
The
ece

hall
ion,

e original, as-received condition. The surface roughness of the cut edges shall be minimized.

ned

oughness and test piece distortion are recommended. The surfaces of the sheet samples should
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Velocity selection
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The velocity of the actuator is selected prior to a high-strain-rate test to achieve the desired strain rate in the
parallel length of the test piece. An initial displacement rate of v, permits the estimation of the achievable
nominal engineering strain rate using Equation (1):

€nom =Vo ! L¢

M
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The
load

NOT
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The
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The

lowgr strain rates. For strain rates greater than approximately.50 s, it is recommended that force b
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Cali

re L¢ is the parallel length of the test piece.

strain rate recorded during a test deviates from the estimated value (see 9.3) due to the,eomp
ing train.
E For drop towers, the speed is determined by a calculation based on the drop height:

material behaviour is governed by the strain rate in the parallel length of(the’test piece dur

e test piece (see 9.3) and not necessarily a constant velocity of the actuator.

Force measurement

natural frequency of piezo-electric load cells is typically high*€enough for an accurate force mea

br by strain gauges in a test piece area subjected to purely elastic deformation (dynamomete
re 1) or by means of a local dynamometer, such as.a strain gauge placed on a grip (see Ref
7] and [8]).

ntaneous transfer of force into a test piece-at high strain rate causes the test piece and
ng machine to oscillate increasingly as the-displacement rate grows. These oscillations can b
itudinal or of a bending type. They are-recorded as oscillations superposed to the force signal

orce oscillations” (discontinuous yielding associated with Liders band propagation, dynamic st
rmation twinning, etc,).

ention or at least reduction of oscillations in the force signal is an important criterion when s
bmometric procedure.(In general, it can be ascertained that the further the force is measured
pe length and/or thetiigher the velocity of the actuator is, the greater are the oscillations.

n be advantageous to apply a strain gauge on each side of the test piece to determine the p

ponent. The'use of damping elements in the load train in order to minimize oscillations should be
care. Damping reduces the strain rate at the beginning of the test, which in turn can influence the yi

iance in the

ng the test.

refore, the purpose of the test procedure is to conduct a test with a constantystrain rate in the pdrallel length

surement at
e measured
r zone; see
brences [2],

parts of the
b either of a
and thus in

stress-strain curve. The inherent material deformation behaviour can be observed as phenonjena similar

Fain ageing,

electing the
outside the

roportion of

lations resulting from bending effects. Each signal is analysed separately in order to assess @ny bending

carried out
bld strength.

pration of the dynamometer should be performed in a suitable manner. Test pieces fitted with s

can

maximum of two thirds of the yield strength or proof stress in order to determine the calibration f

met

hods of force calibration are described in References [2], [9] and [10].

ain gauges
ponds to a

actor. Other

For tests at strain rates lower than 10 s~1, the upper frequency limit, f, (-3dB) shall be at least 10 kHz. For
higher strain rates, Equation (2) applies according to ESIS P7 (see Reference [1]):

fu=1000x¢é
where
fu is the upper frequency limit of the force measuring system;

¢ is the strain rate.

© 1SO 2011 — All rights reserved
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8.3 Extension measurement

Different measuring systems are in use for reliable measurements of extension in the area of the original gauge
length. Usually, mechanical clip-on extensometers can be used up to strain rates of approximately 1 s=1. At
strain rates higher than 1 s, the mechanical clip-on extensometers shall be replaced by inertia-free measuring
systems, e.g. strain gauges, electro-optical extensometers, laser measuring systems or high-speed photography.

NOTE The determination of strain via actuator displacement, e.g. LVDT (linear variable differential transformer)
measurement or other measurements outside the original gauge length, Lo, is not recommended. These can only be
applied if the stiffness of the machine and its load train components have been taken into account appropriately.

It is desirah
higher mea
uniform strgin, it is permissible to use an initial extensometer gauge length, Le, shorter than the original gduge
length, Lo, if the homogeneity in material behaviour is sufficient. The true strain may also be recorded dirgctly
by suitable measuring instruments.

Calibration pf the measuring instrument for stroke/strain measurement shall be performed.ih asuitable manner.

For tests at|strain rate lower than 10 s~1, the frequency limit, £, (-3dB), shall be at least\1 kHz. For higher s{rain
rates, Equation (3) (see Reference [1]) applies:

£y =10px ¢ 3)

where
fu is [he upper frequency limit of the extension measuring system;
é isthe strain rate.

It is basically recommended that the percentage elongatiofi-after fracture be determined from markings plgced
on the test piece before the test, as stated in ISO 6892-1. These markings shall be applied in such a way [that
they have njo effect on the deformation behaviour.

8.4 Datalacquisition

The data pTr:taining to force and stroke/strain measurement are recorded with a sampling rate of at least [four
times the limit frequency of the force measurement. These data are referred to as raw data and represgnt a
fundamentgl part of the test result-For subsequent evaluation, the number of data pairs may be reduced.

9 Evaluption of tests

9.1 Stregs-strain.curve

In a mannef similar to the quasi-static tests in accordance with ISO 6892-1, force, extension and strain, as|well
as the stregqs=sirain curve, shall be determined.

The stress-strain curve is calculated from the originally measured signals. For further evaluation, it is
advantageous to have a monotonically increasing strain signal for the duration of the test. If this is not possible
for technical reasons related to measurement (e.g. signal disturbance), a monotonic signal may be obtained
via different procedures, for example the application of a moving average procedure, the determination of a
polynomial approximation or a spline on a polynomial basis or a filter. If, however, other test-related factors are
responsible, such as a drop in speed, this may be applied to a limited extent only. In this case, the effects on
the variation of the strain rate during the test (see 9.3) shall be checked. The interpretation of the stress-strain
curve with respect to force oscillations is the responsibility of the user of the test results.

For further evaluations, such as the determination of key values and the establishment of a stress-strain curve
appropriate for FE (finite element) calculations, a smoothed stress-strain curve may be necessary. This can
be achieved by applying different procedures, such as the formation of a moving average, the determination of
a polynomial approximation, a spline on a polynomial basis or a filter. The selection of a smoothing procedure

6 © 1SO 2011 — Al rights reserved
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depends on different prerequisites, for example the form of the curve, the amplitude of the oscillations or
the number and distribution of the measured values. In general, it shall be pointed out that the use of such a
smoothing procedure contains the inherent danger of loss of information or subjective evaluation. It shall be

indicated in the test report whether and how the data are filtered or post-processed.

An example of a smoothing procedure to filter load cell ringing is described in References [11] and [12].

NOTE

alignment of the slack adapter, in order to achieve raw data of sufficient quality.

9.2

Determination of key values

Before filtering, smoothing, etc., it is necessary to optimize machine parameters, such as clamping and/or
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Itis
detd

Alte]

high-speed tensile tests, the key mechanical values of lower yield strength, ReL, or proef §
ile strength, Rm, percentage plastic extension at maximum force, 4g, and percentage.elon
fure, 4, are determined from the stress-strain curve in accordance with the definitions“and d
nin ISO 6892-1.

proof strength, Rp, can be evaluated as Rpp,2 at a plastic strain value of 0,2 %({censistent with

in addition, with higher plastic strain values (e.g. 1 %, 2 % or 3 %) clearly marked accq
ddition to Rpo,2) has proven to be an advantageous comparative value- lnthe case of uncertg
rmination of Rpo,2, €.9. on account of oscillations with high amplitudes-(greater than £5 % o
etermination should be omitted. Proof strengths at higher strain values should be reported i
ertainty in measuring proof strength values reduces with increasing strain due to lower amp
[lations.

pntrast to upper yield strength, the lower yield strength,.Rs(, is seen as a key material value
5. In contrast to ISO 6892-1, Re| is defined as the mean value of stress during plastic yielding
ening commences. If the value cannot be reliably.determined as defined due to oscillations
al, the statement is abandoned and only values corresponding to higher plastic strain values are

tensile strength, Ry, describes the maximum ‘of the stress-strain curve as treated according
entage total extension at maximum force,gt, is the strain related to tensile strength in analg
Si-static tensile test.

generally recommended that the percentage elongation after fracture, 4, as described in 1ISQ
rmined from the markings plaéed-on the test piece prior to testing.

rnatively, the percentage elongation after fracture can be read from the stress-strain curve

of fi

strajn-to-fracture determination. However, at the same time, the percentage elongation after frag
still pe determined fram the markings placed on the test piece prior to the test. If percentage elon
fracture is lower than)s %, the value resulting from the stress-strain curve shall be used.

9.3| Strain‘rates

In

strajn-fate of a test can be calculated from the percentage elongation after fracture, 4, and the time

acture as long as theextension of the gauge length, Lo, can be measured with conventional

dition to the nominal engineering strain rate according to Equation (1), the achieved mean

trength, Rp,
gation after
esignations

SO 6892-1)
rdingly. Rp3
inties in the
f Rm value),
stead. The
itude of the

in dynamic
before work
in the force
Hetermined.

to 9.1. The
gy with the

6892-1, be

at the point
methods of
ture should
gation after

bngineering
to fracture,

tf, using the following:

€mean = A/’f

4)

This key value deviates from the nominal engineering strain rate depending on the compliance of the clamping
device or on the deformability of the material. It also does not provide any information about the local strain rate
in the necking area of the test piece.

The time-dependent engineering strain rate signal, é (), which is determined by differentiation of the strain
signal, provides more detailed information on the variation of the strain rate during the whole test. This time-
dependent (respectively strain-dependent) strain rate curve is necessary, for instance to establish whether the
targeted strain rate of the test has been achieved at the yield point (see Figure C.1).
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An important physical parameter is the mean value of the time-dependent engineering strain rate in the strain
hardening range, epls which is determined as the average value of the strain rate in the range between time at

yield strength or 1 % strain, i.e. ¢ (start of hardening) and time at maximum force, i.e. #(Fm) (see Figure C.1):

Gt =M

where

M

{é (tson) ... € t(Fm)}

is the arithmetical average of function é (¢);

()

e ()
soh

H(Fm)

This strain
engineering
characteris{
é(t), should

For a qual

time-dependent engineering strain rate and the characteristic strain.rate be less than +30 % from sta
hardening tp time at maximum force (see Figure C.1).

NOTE

varies with gngineering strain (see e.g. Figure C.1). Because strain rate increases from zero in the elastic region
average eladtic strain rate is less than the nominal engineering sfrain rate. At the onset of plastic deformation, varia

in the nomin
variations in
material prog
to adiabatic

which deviat

Fixing the n

not meanin
a specific s

9.4 Dete
Equations (

Under the g

IS the data set of engineering strain derivative with respect 1o ime;

is the time at start of hardening;

is the time at maximum force.

ate is referred to as the “characteristic strain rate” and used in reports. If the nominal and m
strain rates are within 10 % of each other, the mean engineering strain.rate may be used as
ic strain rate. If the difference exceeds 10 %, the time-dependent, éngineering stain rate cu
be determined and discussed.

ied test with a sufficiently constant strain rate, it is requifed "that the deviation between

espite an approximately constant actuator velocity in_high’ strain rate tensile tests, the actual strain

| engineering strain rate are observed, which depénd on the system compliance characteristics and potg
actuator velocity experienced on slack adapter,engagement. This behaviour is strongly dependent or]
erties, e.g. pronounced upper and lower yield strength, strain hardening properties, ductility and suscepti
b significantly from the nominal enging€ering strain rate.

hean value of the strain rate between start of yielding or 1 % strain and strain at maximum forg
gful if the strain at maximun force is very small. In this case, a possible alternative can be to de
rain range to determine the mean value of the strain rate (e.g. between 3 % and 10 % of strain

rmination of flow curves
b), (7) and (8).aré valid only in the case of isotropic material behaviour.

ssumptien,of constant volume up to maximum force, it is possible to calculate a flow curve. Th

based eithg
Equation (8

|)]. (Some FEM codes require the total strain for flow curves as initial values.)

r on the'plastic strain only [see Equations (6) and (7)] or on the total strain (elastic plus plastic)

ean
the
rve,

the
't of

rate
the
ions
ntial
the
Dility

heating. Beyond uniform strain, the presefice of localized deformation leads to localized higher strain rates,

eis
fine

).

is is
see

Depending on whether or not elastic parts of the measured strain are taken into account, various definitions of

flow curves

result.

The flow curve from plastic strain is obtained if only plastic strain values are taken into account. True stress and
true strain up to uniform strain are obtained from Equations (6) and (7):

gpi=In(1+ey—R/E)
c :R(1+et)
St =|n(1+et)

(6)

(7)

(8)
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10 Test report

All relevant information with respect to test procedure and test results shall be documented. The test report

shal
a)
b)

<)

| contain information on the following relevant items:
reference to this part of ISO 26203, i.e. ISO 26203-2:2011;
material designation and information on material condition, if known;

test piece geometry and dimensions;

By 2
cur

NOT

250Js~" in a high-speed tensile test, which was part of g ADENh") round-robin exercise (see Reference [13]).
determined using strain gauges in the dynamometer section of the test piece, whilst strains were measyred optically

were
with

(smaller than 5 % of the averaged signal). Therefore, it is possible to represent the curve after yielding W

accl
time
the

rate

Figu

test piece designation:

location and orientation of test piece, if known;

test apparatus;

measuring technique for force;

measuring technique for extension in the test section gauge length (to calculate strain);
test conditions (temperature; nominal, mean and characteristic strain, fate);

information on processing of raw data (smoothing, fitting, etc.);

test results (key values for strength and ductility, stress-strain‘curves).

es may be provided in suitable format for integration into databases.

n the gauge section. This example shows a for¢e signal with superposed oscillations with sufficiently sm3

racy by a polynomial curve (in this caseja second-order polynomial). Additionally shown is the mean|
-dependent engineering strain rate as determined by differentiation of the recorded strain. This strain raf
bnset of yielding throughout the range of uniform strain within an agreed tolerance band of £30 % of the
of 250 s~

greement between the interested parties, the determined key values and raw data of stress-strhin and flow

E Figure C.1 shows an example of an engineering stress-strain curve as measured at a target ptrain rate of
The stresses

Il amplitudes
ith sufficient
value of the
e is between
target strain

re C.1 may be regarded as’a recommended example of an appropriate graphical documentatigpn of results
from tensile tests at high.strain rates.

1)

Verein Deutscher Eisenhittenleute (German Iron and Steel Institute), SohnstralRe 65, D-40237 Disseldo
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Annex A
(informative)

Testing equipment

load cell
fixed grif
test piec|

1 1
= 7
2
3
| 4
5
L1 ||
6
iy == 7

=)
=

accelerated grip

slack ad
actuator
displace

gure A

bpter

nent transducer

bee Reference [14],

1 — Example of a testing machine for high strain rate tensile tests — Schematic diagram

© 1SO 2011 — All rights reserved


https://standardsiso.com/api/?name=58a5b15956e05d0e752289a355af0b0e

ISO 26203-2:2011(E)

/
1
2
3
4
- )
6
7
N—8 y— 8 N—
e 9 o p—— 9 ——
a) Example 1 b) Example 2 c) Example B
Key
1 Joad cell
2 fixed grip
3 [est piece
4 pre-loading unit
5 wedged jaws, screwed
6 Pamping washer
7 Black rod
8 Flack adapter
9 pctuator rod
NOTE See Reference [12T

Figure A.2 — Examples of grip systems for high strain rate tensile testing with different
arrangements for actuator acceleration and slack adapter — Schematic diagram
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