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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.
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INTERNATIONAL STANDARD ISO 18338:2021(E)

Metallic materials — Torsion test at room temperature

1 Scope

This document specifies the method for torsion test at room temperature of metallic materials. The
tests are conducted at room temperature to determine torsional properties.

2 lLIormative references

The following documents are referred to in the text in such a way that some ox:all of their content
constitutes requirements of this document. For dated references, only the edition cited [applies. For
unddted references, the latest edition of the referenced document (including any’amendments) applies.

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

ISO 9513, Metallic materials — Calibration of extensometer systems 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.
ISO dnd IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available-athttps://www.electropedia.org/

3.1
tropfometer gauge length
Le
length of the parallelreduced section of the test piece for measurement of angle of twist by means of a
tropfometer

3.2
torque
T
MOmENT Of COUpie that generates Or tends to generate rotation or torston

3.3
maximum torque
T

m

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

©1S0 2021 - All rights reserved 1
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angle of twist

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

Note 1 to entry: See Figure 1.

3.5

shear angle

v

angle due t
Note 1 to ent

3.6

shear stres
T

any moment

3.7
shearing di
AL

arclength s
equivalent t

Note 1 to ent

3.8
shear strai

14

Shearing disptacement at Surface of test piece atong the gauge fengti

ry: See Figure 1.

S

during the test, torque, T, divided by the original polar section modulus, w,

splacement

p the gauge length sweeping through the shear angle

ry: See Figure 1.

based on thle gauge length, the increase of the shearing displacement, AL, at any moment durin

test, expres

3.9

slope

mg

slope of the

3.10
torsional p

Tp

shear stress|
is equal to a

Note 1 to ent

linear, elastic portionof-the shear stress-shear strain curve

roof strengths plastic torsion

at whichithe plastic component of shear strain, due to torsion at the test piece outer suj
specified percentage

vept out by the cylinder or major tube radius moving thfgugh the angle of twist, also being

o the

=]

bed as a percentage of the gauge length L, or is equal to the tangent of the shear anglef v

face,

Fy+A suffix is added to the subscript to indicate the prescribed percentage, e.g. 7, 35-

3.11

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

3.111
upper torsi

Te,H

onal yield strength

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

occurs

© IS0 2021 - All rights reserved
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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,,

3.13
maxjmum plastic shear strain

ymam
maxjmum plastic shear strain component at the outer surface when total separatiotr of the test piece
occufs

3.14
reference torsional proof strength, plastic torsion

7'-I‘

P
shear stress at the outer surface of a test piece, calculated accordingte Nadai’s expression, [when cross-
sectipn of the test piece is in partly plastic torsion and attained the proof plastic shear strajn

Note [l to entry: A suffix is added to the subscript to indicate the prescribed percentage, e.g. 7. 0 34 -

3.15
reference torsional strength

Trm

maximum shear stress is calculated according te‘the Nadai’s expression for fractured test piece

Figure 1 — Basic symbols for torsion test

4 Symbols and designations

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

© IS0 2021 - 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
L, troptometer gauge length mm
Ly total length of the test piece mm
Wp original polar section modulus [see Formulae (2) and (3)] mm3
Torque
T | Torque N‘mm
Angle of twist - shearing displacement
¢ angle of twist rad
v shear angle rad
AL shearing displacement mnjp
Shear stress - shear strain
T Khear stress MP42
At increment in shear stress MPa
y shear strain %
Ay [ncrement in shear strain %
Yp kpecified plastic shear strain %
Ymax maximum plastic shear strain %
Yield strength - proof strength torsional strength
mg lope of elastic portion of the shear stress-shear strain curveb MP4a
Ton upper torsional yield strength MPha
To L ower torsional yield strength MP4a
T, torsional proof strength, plastic torsion MPa
T torsional strength MPh
Tip reference torsional proof strergth, plastic torsion MPa
Trm reference torsional strength MPh
a  1MPa=1}Nmm2,
b In the elasfic portion of the shedr'stress-shear strain curve, the value of slope may not necessarily represent the shear modylus of
elasticity. The yalue can closely agtee with the value of shear modulus of elasticity if optimal conditions (high resolution of troptometer,
high accuracy df torque measuringsystem, perfect alignment of the test piece, etc.) are used.
5 Principle oftest
The test pi¢celis 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.

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

4 © IS0 2021 - All rights reserved
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length. If other test pieces are used, the parallel length should be the sum of gauge length and two times

diameter.
[/ ]0.02)-7—O[20.02[A-B|
g.
+
o (@/ ~
7
Le
L
Key
r  fransition radius
NOTH The shape of the test-piece heads is 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

piece
strai
of tu

s should be the sum of gauge length and twe¢times external diameter. Tube test piec

Key

for tube test
bs should be

pht and round, plugged at both ends. The plugged two ends should not be in the paralle| length part
be test pieces. The shape and size for plugs are shown in Figure 4.
—1A/[002 —L
—O A-B]  HO A-B
, 2 g p
+ @/ ]
A~} ! o
_________ _|‘<\T___ - ___?7'|__________
S N RDES S T VAR R jan
ST T P
d/2|d/?2| d Le d |d/2|d/2 g
Le
Ly
g gripped end p plug
d original external diameter d; original internal diameter

© IS0 2021 - All rights reserved
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g R
Y A
_________________________________ _
<\ -1 I B
_________________________________ -
A d/2 d/2
o
Key
g gripped ¢nd R plug transition radius
A parallel dnd straight part of the plug, here 4 2 40 mm

The diameten

6.1.3 Pre

The test pi
Internationa
requiremen

of the plug shall have a slight taper from the grip limiting line to the curved section.

Figure 4 — Plugs for tube test pieces

paration of test pieces

bces shall be taken and prepared in accordance with the requirement of the relg
i1 Standards for the different materials. If applicable, the test pieces shall mee
L of tensile test pieces specified in ISO 377.

7 Deter

ination of original cross-sectional dimensions

7.1 Cylingder test pieces

The extern#al diameter of the cylindertest piece should be measured at sufficient cross-sec
perpendicular to the longitudinal axis-iir‘the central region of the parallel length of the test piece
measuring prror of diameter should-not exceed + 0,5 %. A minimum of three cross-sectio
recommended. The average diameter measured will be used for the calculation of the original

section mo

7.2 Tube

The externd
on two dire
and interna

ulus, Wp.

test pieces

| diameter)and internal diameter for tube test pieces should be measured at two end
ctions perpendicular to each other, respectively. The measuring error of external dian
didmeter should not exceed * 0,5 %. The average external diameter and internal dian

vant
t the

tions

The
ns is
bolar

b and
heter
heter

measured W

ill’be used for the calculation of the original polar section modulus, W, .

8 Accuracy of the testing apparatus

8.1 Testing machine

8.1.1 Either one of the gripping parts of the testing machine can freely move along the axial direction
during torsion test and the two gripping parts should be in good alignment.

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

© IS0 2021 - All rights reserved
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8.1.3 The indicated torque value of testing machine shall be calibrated periodically for the range of
torque used in the determination, and the relative error shall not exceed + 1,0 %.

8.1.4 The torque measuring system shall be calibrated periodically according to ASTM E2624 or
DIN 51309.

8.2

Troptometer

8.2.1 Thetroptometer used here employs an extensometer to measure the linear displacement caused
by an angular displacement of the test piece. Troptometers based on other principles or using other

type
accu
requ

8.2.72
testi

8.2.3

8.2.4
(1]

8.2.7

9 ¢

9.1
Testy

9.2
torsi
aften

5 of displacement sensors are acceptable as long as they provide measurements wit}
Facies. All kinds of troptometers shouldn’t be used for measuring angle of twist 1inlej
rements can be satisfied.

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

The resolution for indicated angle of twist shall be smaller than.er equal to 0,000 17

The relative error for indicated angle of twist shall notBe bigger than * 1,0 % [¢
it shall be smaller than or equal to # 0,000 17rad (0,01°)

The troptometers shall be calibrated periodically based on ISO 9513.

Conditions of testing

The test is carried out at room temperature between 10 °C and 35 °C, unless otherwi

Torsion test rate shall be in the range of 0,000 87rad/s to 0,00 87rad/s (0,05°/s to
bnal yield strength or torsional proof strength is determined; and it shall be not biggd
those properties are determined.

carried out under controlled conditions shall be made at a temperature of 23 °C + 5 °(.

h equivalent
s the below

rized in the

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

‘rad. (0,01°).

< 0,017rad

ce specified.

0,5°/s) until
r than 12°/s

©ISO
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10 Determination of the properties

10.1 Calculations of shear stress and shear strain

Shear stress shall be calculated from the torque measured in the torsion test, according to Formula (1):

T=—

For the cylinder test pieces:

M

Ul
1

W, =

For the tubd

W, =—|

Shear strain shall be calculated from the angle of twist measured in th€)torsion test, accordil

Formula (4)

_9d

TR

or from the
Y =tany
10.2 Detel

10.2.1 Frof
strain incre
to Formula

mg _A*}

_AM

d3

6

test pieces:
d* —d;')
16d

x100

chear angle measured in the torsion test, accordihg to Formula (5):
<100

'mination of the slope of linear(portion of shear stress-shear strain curve

h the linear portion of curvejthe stress increment and at the same time the correspoi]
nent are obtained (see Figuie'5). The slope of the linear portion can be calculated accof

6):

(2)

(3)

hg to

(4)

(5)

1ding
rding

(6)

© IS0 2021 - All rights reserved
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10.2.2 The parameter may be obtained without plotting the shear stress-shear strain curve by using
automatic devices.

Y
b

AT

Ay

X 1 (shear strain)
Y ) (shear stress)
a  Jlower point of the linear portion.

Upper point (below proportional limit) of the linearyportion.

Figure 5 — Determination of the slope of linear 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 ghear strain,
e.g. ¥p = 0,35 %, see Eighire 6. The point at which this line intersects the curve gives the stress 7,

corr¢sponding to theZdesired proof strength, plastic shear strain,y,,. Figure 6 shows the nominal

torsipnal proof stténgth measured by the conventional method. For determining the reference torsional
proof strength, sée Annex A.

© IS0 2021 - All rights reserved 9
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10.3.2 The property may be obtained without plotting the shear stress-shear strain curve by using
automatic devices.

Y

X 7 (shear ptrain)
Y  y(shear ftress)

Yo prescribed plastic shear strain

7, proof strength, plastic torsion

Figure 6|— Determination of the torsional proof strength, 7, corresponding to the desired
plastic shear strain, Vo from the 7—-y curve

10.4 Upper torsional yield strength and the lower torsional yield strength

10.4.1 7_.y|is determined as the maximum-value of stress prior to the first decrease in stress from the
shear stresg-shear strain curve; see Figiire 7 a).

10.4.2 17, [is determined as the lewest value of stress during discontinue yielding, ignoring any ipitial
transient effects from the shear stress-shear strain curve; see Figure 7 b).

10.4.3 The|properties\may be obtained without plotting the shear stress-shear strain curve by fising
automatic dgvices,

10 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=470840a3d9a9931204daae5feb729e37

1SO 18338:2021(E)

Key
X 1
Y )

(shear strain)
(shear stress)

Figyre 7 — Determination of the upper torsional yield stréngth, 7, ;;, and lower torsjional yield

10.5

10.5
maxi
Figu}
fract
ther

10.5
auto]

strength, Tel» from the ¢—% curve

Determination of torsional strength

1 The test piece is subjected to a continuously increasing angle of twist until fr
mum shear stress is obtained before(fracture from the shear stress-shear strain
‘e 8. The figures show the nominal totsional strength measured by the conventional nj
ure occurs at peak load (a) and when some softening occurs after peak load (b). For
eference torsional strength, see Annex A.

2 The property may be ‘obtained without plotting the shear stress-shear strain cuf
atic devices.

acture. The
curve; see
ethod when
letermining

ve by using

© IS0 2021 - All rights reserved
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¥Ymax ¥Ymax

Key
X
Y

T (shear
y (shear

Figure 8 —

10.6 Detel

10.6.1 Max]
drawing a li
this line inf
fracture; se{

10.6.2 The
automatic d

b)

Strain)
stress)

to the fracture point

‘mination of maximum plastic shear strain

imum plastic shear strain is.determined from the shear stress-shear strain cury
ne parallel to the linear portion of the curve through the fracture point. The point at W
ersects the abscissa axis_gives the maximum plastic shear strain corresponding t

e Figure 8.

bvices.

11 Test report

The test rep

ort shall contain at least the following information unless otherwise agreed by the p4

Maximum shear stress and maximum plastic.shear strain component corresponding

e by
rhich
b the

property may be-obtained without plotting the shear stress-shear strain curve by fising

rties

areference to this document, i.e. ISO 18338:2021;

identification of the test piece;

d material, if known;

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

concerned:

a)

b)

c) specifie

d) type of test piece;
e)

f) testresults.

12
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Annex A
(informative)

Determination of the reference proof strength, plastic torsion and
reference torsional strength

A.1 | General

For fhe cylinder and tube test pieces, when the torsion deformation on the cross—sectio]\ of the test
piece is linearly elastic, the torsional stress at the outer surface of the test piece_which is calculated
according to the classical formulae given in 10.1 is accurate. However, when if’partly plasitic and fully
plastiic torsion conditions, the torsional stress calculated by that formula may-be an over-estimation of
the dorrect value. Nadai’s expression[ll[2] is applicable to the calculation of the torsional $tress of the
test piece in fully elastic, partly plastic and fully plastic torsion conditions. This annex provides a test
metHod based on Nadai’s theory to determine the reference torsional proof strength, plastic torsion,
and forsional strength.

A.2 | Overview
This|annex specifies the method for determination .ofdhe reference torsional proof strength, plastic

torsipn and reference torsional strength.

A.3 | Determinations of the reference proof strength, plastic torsion and reference
torgional strength

A.3.1 Graphic method to determine the reference proof strength, plastic torsipn

A.3.1.1 During torsion test, the shear stress-shear strain (tr — y) curve is plotted. On the curve, the
point A is determined 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. y,, = 0,35 %. The tangent line A”7; drawn
throygh point A and-mmeets the stress axis with point 7;; see Figure A.1. Read the shepr stress 7,

© IS0 2021 - All rights reserved 13
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