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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.

The procedy

described i

different types of ISO documents should be noted. This document was drafted in accordande\wit

editorial ru

Attention is

ia needed/fo

es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document may be the subjg

ect of

patent rights. ISO shall not be held responsible for identifying any or all such patentrights. Detalils of

any patent rjights identified during the development of the document will be in théjIntroduction af
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade npme used in this document is information given for the convenience of users and doe
constitute ah endorsement.

For an exp
assessment,

Barriers to Trade (TBT) see the following URL: Foreword - Sufiplementary information

The committee responsible for this document is ISO/TC 164, Mechanical testing of metals, Subcomm
SC 2, Ductility testing.

anation on the meaning of ISO specific terms and\expressions related to confor

1d /or

S not

mity

as well as information about ISO’s adherence to*the WTO principles in the Technical

ittee
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INTERNATIONAL STANDARD

ISO 18338:2015(E)

Metallic materials — Torsion test at ambient temperature

1 Scope

This International Standard specifies the method for torsion test at room temperature of metallic

mate

rials. The tests are conducted at room temperature to determine torsional properties.

2 lLIormative references

The following documents, in whole or in part, are normatively referenced in this documn
indigpensable for its application. For dated references, only the edition cited”applies. |
referfences, the latest edition of the referenced document (including any amendments) appl

ISO 377, Steel and steel products — Location and preparation of samples(and test pieces for
testing

ISO 9513, Metallic materials — Calibration of extensometers used in,uniaxial testing

ASTM E2624, Standard Practice for Torque Calibration of Testifig Machines and Devices

DIN $1309, Materials testing machines — Calibration of stati¢ torque measuring devices

3 Terms and definitions

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

31

troptometer gauge length

Le

length of the parallel reduced section of the test piece for measurement of angle of twist b

troptometer

3.2

torqpe

T

moment of coupl€ that generates or tends to generate rotation or torsion

3.3

maxjmumstorque

Tm

for n\f\fnv!f\]o r]|cn]fnnnn r]u:-nnnfnf\nnnc vialding ]fnn'“\ocf toraua that tha tact ninca withot

ent and are
For undated
es.

mechanical

7 means of a

ands during

P o J
the test after the yleldlng period, or for materials displaying no discontinuous yielding, highest torque
that the test piece withstands during the test

3.4

angle of twist

angle of relative rotation measured between two planes normal to the test-piece’s longitudinal axial

over

Note

© ISO

the gauge length

1 to entry: See Figure 1.
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3.5
shear angle

v
angle due to shearing displacement at surface of test piece along the gauge length

Note 1 to entry: See Figure 1.

3.6

shear stress

T

any moment during the test, torque, T, divided by the original polar section modulus, W)

3.7
shearing displacement
AL
arc length syvept out by the cylinder or major tube radius moving through the angle of twist, also being
equivalent tp the gauge length sweeping through the shear angle

Note 1 to ent}y: See Figure 1.

3.8
shear straip
4
based on thle gauge length, the increase of the shearing displacement, AL, at any moment during the
test, expresged as a percentage of the gauge length L,, or is equal to'the tangent of the shear anglg, y

3.9
slope
Mg
slope of the |inear, elastic portion of the shear stress-shear strain curve

3.10
torsional proof strength, plastic torsion

Tp

shear stress|at which the plastic component of shear strain, due to torsion at the test piece outer surface,
is equal to a|specified percentage

Note 1 to entfy: A suffix is added to'the subscript to indicate the prescribed percentage, e.g. 0,35

3.11
torsional yleld strength
when the metallic material exhibits a yield phenomenon, shear stress corresponding to the point
reached durjing the torsion test at which plastic deformation occurs without any increase in the torque

3.11.1
upper torsional yield strength
TeH

maximum value of shear stress prior to the first decrease in torque when the discontinuous yielding
occurs

3.11.2

lower torsional yield strength

Tel

lowest value of shear stress during discontinuous yielding, ignoring any initial transient effects

3.12
torsional strength

Tm

shear stress corresponding to the maximum torque, T,,

2 © IS0 2015 - All rights reserved
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3.13
maximum plastic shear strain

ymax
maximum plastic shear strain component at the outer surface when total separation of the test piece
occurs

3.14

reference torsional proof strength, plastic torsion

Trp

shear stress at the outer surface of a test piece, calculated according to Nadai’s expression, when cross-

sectionofthe test piprn isin p:\rﬂy p]ach’r‘ torsion and attained the prnnF p]::ch'r‘ shearstrain

Note [l to entry: A suffix is added to the subscript to indicate the prescribed percentage, e.g. Tp0;35

3.15
reference torsional strength

Trm

maxijmum shear stress is calculated according to the Nadai’s expression forfractured test piece

Figure 1 — Basic symbols for torsion test

4 $ymbols.and designations

Symbols and corresponding designations are given in Table 1 and Figure 1 or elsewhere in this
Interjnatienal Standard where they appear.

© IS0 2015 - All rights reserved 3
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Table 1 — Symbols and designations

Symbol Designation Unit
Test piece
d original external diameter of a tube or a cylinder test piece parallel length portion mm
d; original internal diameter of the parallel length of a tube test piece mm
L¢ parallel length mm
Le troptometer gauge length mm
L¢ total length of the test piece mm
Wy priginal polar section modulus [see Formulae (2) and (3)] mmnm3
Torque
T Torque N-mm
Angle of twist - shearing displacement
[0) angle of twist rad
Y shear angle rag
AL Khearing displacement mnp
Shear stress - shear strain
T Khear stress MPga
At ncrement in shear stress MPh
y Khear strain %
Ay [ncrement in shear strain %
Yp kpecified plastic shear strain %
Ymax maximum plastic shear strain %
Yield strength - proof strength - torsional strength
mg klope of elastic portion of the shear stress-shear strain curveb MPh
TeH upper torsional yield strength MPha
Tel, ower torsional yield strength MPha
Tp Forsional proof strength, plastic torsion MPh
Tm forsional strength MPha
Trp reference torsional proofstrength, plastic torsion MPh
Trm reference torsional ‘stbength MPha
a  1MPa=1Nmm-2.
b In the elaptic portiomefithe shear stress-shear strain curve, the value of slope may not necessarily represent the fhear
modulus of elgsticity. The+alue can closely agree with the value of shear modulus of elasticity if optimal conditions |(high
resolution of froptometer, high accuracy of torque measuring system, perfect alignment of the test piece, etc.) are usefl.

5 Principle of test

The test piece is subjected to continuously increasing angle of twist, generally to fracture, for the
determination of one or more of the mechanical properties such as elastic slope, torsional proof
strength, torsional yield strength, torsional strength and maximum plastic shear strain.

4 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=9b6e546c810652f582d0d93b7be9dade

ISO 18338:2015(E)

6 Test piece
6.1 Shape and dimensions of test pieces

6.1.1 Cylinder test pieces

The shape and dimensions for cylinder test pieces are shown in Figure 2. The shape and size for two ends
of the test piece should be in coincidence with the testing machine gripping part. It is recommended
that the test pieces be 10 mm diameter, 50 mm or 100 mm gauge length, and 70 mm or 120 mm parallel
length. If other test pieces are used, the parallel length should be the sum of gauge length and two times
dianyeter:

[£/10.02157—{O#0.02[A-B]
=
3

s i
—_—t—— — — —_——— - —“+——t-—
[ { i | M
® i e y i
— L('- P
L!

Key
r  fransition radius

NOTH The shape of the test-piece headsds-only given as a guide.

Figure 2 — Cylinder test piece

6.1.2 Tube test pieces

The $hape and dimensions for tube test pieces are shown in Figure 3. The parallel length for tube test
pieces should be thie sum of gauge length and two times external diameter. Tube test pieces should be
straight and round, plugged at both ends. The plugged two ends should not be in the paralle| length part
of tupe test pi€ges. The shape and size for plugs are shown in Figure 4.

© IS0 2015 - All rights reserved 5
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[5/T0.02 [6/T0.02
[O]®0,02[A-B [©]w0.02[A-B
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Key
g gripped ¢nd p plug
d original g¢xternal diameter d; original internal diameter
Figure 3 — Tube test piece
g R
1.6 |
V/ |
ol I N VDL, - I [ M
A dr2 a2
L
Key
g gripped ¢nd R plug transition radius
A parallel 3nd straightpart of the plug, here 4 2 40 mm
NOTE Tl]le diameter of the plug shall have a slight taper from the grip limiting line to the curved section.

Figure 4 — Plugs for tube test pieces

6.1.3 Preparation of test pieces

The test pieces shall be taken and prepared in accordance with the requirement of the relevant
International Standards for the different materials. If applicable, the test pieces shall meet the
requirement of tensile test pieces specified in SO 377.

6 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=9b6e546c810652f582d0d93b7be9dade

ISO 18338:2015(E)

7 Determination of original cross-sectional dimensions

7.1

Cylinder test pieces

The external diameter of the cylinder test piece should be measured at sufficient cross-sections
perpendicular to the longitudinal axis in the central region of the parallel length of the test piece. The
measuring error of diameter should not exceed #0,5 %. A minimum of three cross-sections is
recommended. The average diameter measured will be used for the calculation of the original polar
section modulus, Wp.

7.2

The

on ty
and 1§
meas

8

8.1

8.1.1

Tubetestpieces
pxternal diameter and internal diameter for tube test pieces should be measured-at ty

nternal diameter should not exceed +0,5 %.The average external diameterrahd intert
ured will be used for the calculation of the original polar section modulus, W, .

Accuracy of the testing apparatus
Testing machine

Either one of the gripping parts of the testing machine can freely move along the ax

during torsion test and the two gripping parts should be ihigood alignment.

8.1.2

8.1.3

The angle of twist shall be applied continuously on the test piece without shock and

The indicated torque value of testingsmachine shall be calibrated periodically for

torque used in the determination, and the relative error shall not exceed 1,0 %.

8.14
DIN

8.2

8.2.1
by aj
type
accu
requ

The torque measuring systemy shall be calibrated periodically according to ASTI
51309.

Troptometer

The troptometerused here employs an extensometer to measure the linear displace

1 angular displacement of the test piece. Troptometers based on other principles or

of displacemént sensors are acceptable as long as they provide measurements wit

racies. Al kinds of troptometers shouldn’t be used for measuring angle of twist unleg
rements*can be satisfied.

8.2.2

o ends and

Vo directions perpendicular to each other, respectively. The measuring error.of external diameter

1al diameter

ial direction

vibration.

the range of

M E2624 or

mnent caused
using other
h equivalent
s the below

The troptometers should be firmly clapped on the test piece and no slip is authg

rized in the

testing procedure. The relative error for troptometers gauge length shall not be bigger than +1,0 %.

8.2.3 The resolution for indicated angle of twist shall be smaller than or equal to 0,000 17rad. (0,01°).

8.2.4 The relative error for indicated angle of twist shall not be bigger than +1,0 % [¢ < 0,017rad (1°)],
it shall be smaller than or equal to £0,000 17rad (0,01°).

8.2.5 The troptometers shall be calibrated periodically based on ISO 9513.

© ISO

2015 - All rights reserved
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9 Conditions of testing

9.1 The testis carried out at room temperature between 10 °C and 35 °C, unless otherwise specified.
Tests carried out under controlled conditions shall be made at a temperature of 23 °C £ 5 °C.

9.2 Torsion test rate shall be in the range of 0,000 87rad/s to 0,00 87rad/s (0,05°/s to 0,5°/s) until
torsional yield strength or torsional proof strength is determined; and it shall be not bigger than 12°/s
after those properties are determined.

10 Determinationoftheproperties——mM8M—————————————————————————————————

10.1 Calcu

Shear stress

T
Wp =—1
For the tube
dl

Wp =—

3

lations of shear stress and shear strain

shall be calculated from the torque measured in the torsion test, according to Formul

ider test pieces:

9
test pieces:
d4—df)

16d

Shear strainp shall be calculated from the angle of twist measured in the torsion test, accordi

Formula (4)

_9d

Y3

or from the

y =tany

10.2 Detel

100

Shear angle measured-in the torsion test, according to Formula (5):

x100

‘mination of the slope of linear portion of shear stress-shear strain curve

10.2.1 Frorq

h (1):
(1)

(2)

(3)

g to

(4)

(5)

hthe linear portion of curve, the stress increment and at the same time the correspon

ding

strain increr

to Formula (6):

mG_Ay

_Ar

nent are obtained (see kigure 5J. 1he slope of the [inear portion can be calculated according

(6)

10.2.2 The parameter may be obtained without plotting the shear stress-shear strain curve by using
automatic devices.

© ISO 2015 - All rights reserved
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T (shear stress)

AT

Ly
0 Y (shear strain)

Key
a  ILower point of the linear portion.
b @pper point (below proportional limit)of the linear portion.

Figure 5 — Determination of the slope of linéar portion of 7 —y curve

10.3 Torsional proof strength, plastic torsion

10.3{1 7, is determined from the shear stress=shear strain curve by drawing a line parallel {to the linear

portion of the curve and at a distance from”it equivalent to the prescribed plastic shear strain, e.g.
Yp T 0,35 %, see Figure 6. The point-at which this line intersects the curve gives thle stress Tp

corrgsponding to the desired proof strength, plastic shear strain,y,. Figure 6 shows the nominal

torsipnal proof strength measured.by the conventional method. For determining the refererce torsional
proof strength, see Annex A.

10.3|2 The property may _be obtained without plotting the shear stress-shear strain cuive by using
automatic devices.

© IS0 2015 - All rights reserved 9
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T (shear stress)

Key

Yp prescrib

Tp proof strf

Figure 6

10.4 Uppe

10.4.1 7,4
shear stress

104.2 7,

W ¢ y(shear strain)

bd plastic shear strain

ength, plastic torsion

— Determination of the torsional proof strength, pr corresponding to the desir¢
plastic shear strain, y ,, from'the 7 -y curve

r torsional yield strength and the.lower torsional yield strength

is determined as the maximum value of stress prior to the first decrease in stress froy
Lshear strain curve; see Figiire 7 a).

is determined as the/lowest value of stress during discontinue yielding, ignoring any i

transient effects from the shearStress-shear strain curve; see Figure 7 b).

10.4.3 The
automatic d

properties may be obtained without plotting the shear stress-shear strain curve by
Pvices.

n the

hitial

sing

10
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T(shear stress) T (shear stress)

TeH|

T,
ToL el

0 v (shear strain) 0 y (shearstrain)

b)

Figure 7 — Determination of the upper torsional yield strength, r_and lower torsjonal yield
strength, 7, , from the 7 -y curve

10.5 Determination of torsional strength

10.5{1 The testpiece is subjected to a continuously increasing angle of twist until fracture. The maximum
shear stress is obtained before fracture from the shear stress-shear strain curve; see Figure §. The figures
show the nominal torsional strength measured by the«conventional method when fracture oqcurs at peak
load|(a) and when some softening occurs after peak load (b). For determining the refererce torsional
strenigth, see Annex A.

10.5{2 The property may be obtained without plotting the shear stress-shear strain cufve by using
automatic devices.

T(shear stress) T(shear stress)

|‘—4C y(shear strain)

max

Fﬁc Y(shear strain)
max a) b)

Figure 8 — Maximum shear stress and maximum plastic shear strain component corresponding
to the fracture point

10.6 Determination of maximum plastic shear strain

10.6.1 Maximum plastic shear strain is determined from the shear stress-shear strain curve by drawing
a line parallel to the linear portion of the curve through the fracture point. The point at which this line

© IS0 2015 - All rights reserved 11
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intersects the abscissa axis gives the maximum plastic shear strain corresponding to the fracture; see
Figure 8.

10.6.2 The property may be obtained without plotting the shear stress-shear strain curve by using
automatic devices.
11 Testreport

The test report shall contain at least the following information unless otherwise agreed by the parties
concerned:

a) areference to this International Standard, i.e. [ISO 18338;
b) identifi¢ation of the test piece;

c) specifigd material, if known;

d) type of fest piece;

e) location and direction of sampling of test pieces, if known;

f) testresplts.

12 © IS0 2015 - All rights reserved
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Annex A
(informative)

Determination of the reference proof strength, plastic torsion and

reference torsional strength

A1l

For
piecd
accol
plast
the @
test |
meth
and 4

A2

This
torsi

A3
tors

A.3.

A.3.1
poin{

it equiivalent to the presgribed plastic shear strain, e.g. yp = 0,35 %. The tangent line A—7; dr

poin{
poin{

to Formulae A.1 dnd-A.2.

For t

General

is linearly elastic, the torsional stress at the outer surface of the test piege_which i
rding to the classical formulae given in 10.1 is accurate. However, when if’partly plas
ic torsion conditions, the torsional stress calculated by that formula may-be an over-¢
orrect value. Nadai’s expression[1l[2] is applicable to the calculation of the torsional |
biece in fully elastic, partly plastic and fully plastic torsion conditions. This annex pr
od based on Nadai’s theory to determinate the reference torsional proof strength, pl3
orsional strength.

Overview

annex specifies the method for determination.of<he reference torsional proof strei
bn and reference torsional strength.

Determinations of the reference proof strength, plastic torsion and
ional strength

I Graphic method to determine the reference proof strength, plastic torsi

.1 During torsion test, the shear stress-shear strain (t — y) curve is plotted. On th
A is determined by drawing a line parallel to the linear portion of the curve and ata d

A and meets the-stréss axis with point 7j; see Figure A.1. Read the shear stress t4 corrg
A and shear stress, 7). The reference torsional proof strength, plastic torsion is calculats

he cylinder test pieces:

3

he cylinder and tube test pieces, when the torsion deformation on the cross—sectio]\ of the test

s calculated
tic and fully
stimation of
tress of the
vides a test
stic torsion,

hgth, plastic

reference

DI

e curve, the
stance from
hwn through
sponding to
ed according

rp :1’737/1 +y4(d—q —‘ZTA _lTI

(A1)
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