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Foreword

This standard is drafted in accordance with the rules given in GB/T 1.1-2009.

GB/T 228 Metallic Materials — Tensile Testing consists of the following four parts:

— Part 1: Method of Test at Room Temperature:

— Part 2: Method of Test at High Temperature;

— Part 3: Method of Test at Low Temperature;

— Part 4: Method of Test in Liquid Helium.

This part is Part 1 of GB/T 228.

This part is revised from International Standard 1SO 6892-1:2009 Metallic Materials — Tensile Testing -

Part 1: Method of Test at Room Temperature (English edition).

The overall structure, hierarchical division, preparation method and technical information of this part are

basically consistent with |SO 6892-1: 2009.

This part revises the International Standard in the following aspects and marks with vertical single line in

the margins of clauses related to:

— In normative references, this part directly cites national standard relative to the international standard:;

— Rules for Rounding Off of Numerical Values and Expression and Judgment of Limiting Values (GB/T
8170), Metallic materials - Terms of Mechanical Test (GB/T 10623) and Evaluation for Computerized
Data Acquisition Systems for Used in Static Uniaxial Testing Machines (GB/T 22066) are added:;

— Change the minimum value of three measurements of original crosssection area in Chapter 7 to the

average value;

— Add basic rules for determination of the position of upper and lower yield strength in Chapter 12;

— Chapter 22 "Rounding off of the Test Results” is added;

— Annex J Determination of Plastic Extension Strength (R,;) Based on Successive Approximation

Method Is added;

— Informative Annex K Example for Deternination of Permanent Extension Strength (R,g2) Based on the

Stress Relaxation Method is added:;

— The detailed description of proportional and non proportional test pieces in Annex B, C, D and E are

individually changed;

— The estimation method of measurement uncertainty is changed to form Annex L Estimation of the

Uncertainty of Tensile Test Measurement.

The following editorial modification has been done In this part for convenience of usage:

a) “this part of standard” has been changed to "this part’;

b) Using decimal point “." instead of comma *,";

c) Deleting the forward of international standard.

This part is in place of GB/T 228—2002 Metal Materials — Tension Testing at Room Temperature and

this part greatly revises the original standard in the following technical information:

— The name of the standard is revised;

— Normative references;

— Add the method of testing rates control: method A control of stain rate control;

— Rounding off of the test results;

— The estimation method of tensile test measurement uncertainty;

— Informative Annex A Recommendations Concerning the Use of Computer-controlled Ttensile Testing

Machines is added;

— Informative Annex F Estimation of the Crosshead Separation Rate in Consideration of the Stiffness

(or Compliance) of the Testing Machine is added.

Annex A, Annex F, Annex G, Annex H, Annex |, Annex K, Annex L and Annex M are informative annexes,

while Annex B, Annex C, Annex D, Annex E and Annex J are normative annexes.
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Introduction

In this part of the standard, there are two methods of testing speeds available. The first, method A, is based
on strain rates (including crosshead separation rate) and the second, method B, is based on stress rates.

Method A is intended to minimize the variation of the test rates during the moment when strain rate
sensitive parameters are determined and to minimize the measurement uncertainty of the test results.
This part will propose the use of control mode of strain rates for tensile testing.
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Metallic Materials — Tensile Testing
Part 1: Method of Test at Room Temperature

1 Scope

This part of GB/T 228 specifies the principal, definition, symbols and description, test piece and
dimension measurement, test equipment, test requirement, performance determination, rounding off
of results of determination and test report for the method of tensile testing of metallic materials.

This part is applicable to the determination of the tensile property of metallic materials at room
temperature.

Note: Annex A Indicates complementary recommendations for computer controlled testing machines.

2 Normative References

The following documents are essential for the application of this document. For dated references, only
the dated edition applies. For undated references, the latest edition (including all the amendments)
applies.

GB/T 2975 Steel and Steel Products - Location and Preparation of Test Pieces for Mechanical Testing
(GB/T 2975—1998, eqv ISO 377:1997)

GB/T 8170 Rules for Rounding Off of Numerical Values and Expression and Judgment of Limiting Values
GB/T 10623 Metallic materials - Terms of Mechanical Test (GB/T 10623-2008, 1SO 23718: 2007, MOD)
GB/T 12160 Calibration of Extensometers Used in Uniaxial Testing (GB/T 12160-2002, 1SO 9513: 1999,
IDT)

GB/T 16825.1 Verification of Static Uniaxial Testing Machines — Part 1: Tension/compression testing
machines - Verification and Calibration of the Force-measuring System (GB/T 16825.1 - 2008, I1SO
7500-1: 2004, IDT)

GB/T 17600.1 Steel Conversion of Elongation Values - Part 1: Carbon and Lowalloy Steels (GB/T 17600.
1-1998 ,eqv ISO 2566-1: 1984)

GB/T 17600.2 Steel Conversion of Elongation Values - Part 2: Austenitic Steel (GB/T 17600.2-3998, eqv
1ISO 2566-2: 1984)

GB/T 22066 Evaluation for Computerized Data Acquisition Systems for Used in Static Uniaxial Testing
Machines

3 Terms and Definitions

The GB/T 10623 specified and the following terms and definitions are applicable to this part.
3.1

Gauge length

L

Length 1 of the cylinder or prism portion of the test piece on which elongation Is measured.
3.1.1

Original gauge length

(l;;uge length " on the piece measured at room temperature before the test.

il:'lfi gauge length after fracture

{Ig‘::lauge length 1 on the test plece measured after rupture, at room temperature, the two pieces having
been carefully fitted back together so that their axes lie in a straight line.
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3.2

Parallel length

L.

Length " of the parallel reduced section of the test piece.

Note: The concept of parallel length i1s replaced by the concept of distance between grips for

unmachined test pieces.

3.3

Elongation

Increase in the original gauge length 1 at any moment during the test.

3.4

Percentage elongation

Elongation expressed as a percentage of the original gauge length, L, .

3.4.1

Percentage permanent elongation

Increase in the original gauge lengthof a test piece after removal of a specified stress, expressed as a

percentage of the original gauge length, L,".

3.4.2

Percentage elongation after fracture

A

Permanent elongation of the gauge length after fracture, (L, - L), expressed as a percentage ' of the

original guage length (Lo).

Note:  For proportional test pieces, if the original gauge length is not equivalent to 5 §5./S, (where S, is the
original cross-sectional area of the parallel length), the symbol A should be supplemented by a
subscript indicating the coefficient of proportionality used, e.g. A11,3 indicates a percentage

elongation of the gauge length, Lo, of 11.3+ 5. . For non-proportional test pieces (see Annex B), the
symbol A should be supplemented by a subscript indicating the original gauge length used,
expressed in millimetres, e.g. Asy nm INdicates a percentage elongation of an original gauge length
of 80 mm.

3.5

Extensometer gauge length

Le

Initial extensometer gauge length " used for measurement of extension by means of an extensometer.

Note:  For measurement of yield and proof strength parameters, L. should span as much of the
parallel length of the test piece as possible. Ideally, as a minimum, L. should be greater than L,/2
but less than approximately 0,9L. This should ensure that the extensometer detects all yielding
events that occur in the test piece. Further, for measurement of parameters "at" or "after reaching”
maximum force, L should be eaqual or approximately equal to L,, but L shall be equal to L, when
the percentage elongation after fracture is determined.

3.6

Extension

Increase " in the extensometer gauge length, L., at any moment during the test.

3.6.1

Percentage extension

Extension expressed as a percentage of the extensometer gauge length, Lg

3.6.2

Percentage permanent extension

Increase in the extensometer gauge length, after removal of a specified stress from the test piece,

expressed as a percentage of the extensometer gauge length, L'

3.6.3

Percentage vyield point extension

Ae

In discontinuous yielding materials, the extension between the start of yielding and the start of uniform

workhardening, expressed as a percentage of the extensometer gauge length, Le'"\. See Figure 7.

1) 5.65 /S, =5,\/4f’”
2z
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3.6.4

Percentage total extension at maximum force

Agt

Total extension (elastic extension plus plastic extension) at maximum force, expressed as a percentage of
the extensometer gauge length, L.. See Figure 1.

3.6.5

Percentage plastic extension at maximum force

Aq

Plastic extension at maximum force, expressed as a percentage of the extensometer gauge length, L.
See Figure 1.

3.6.6

Percentage total extension at fracture

Ay

Total extension (elastic extension plus plastic extension) at fracture, expressed as a percentage of the
extensometer gauge length, L.. See Figure 1.

| = Le
Aefd
H l ".- & Efllz

Notes:

A — percentage elongation after fracture [determined from the extensometer signal or directly from the
test piece (see 20.1)]:

Aq— Percentage plastic extension at maximum force;

Aq— Percentage total extension at maximum force;

Ai— Percentage total extension at fracture;

E — percentage extension;

mg — slope of the elastic part of the stress - percentage extension curve;

R — stress;

R, — tensile strength:

Ae — plateau extent (for determination of A,, see Chapter 17, for determination of Ay, see Chapter 18).

Figure 1 Definitions of Extension



GB/T 228.1—2010

3.7

Testing rate
3.1

Strain rate

ELe
Increase of strain, measured with an extensometer, in extensometer gauge length, L., per time.

3.7.2

Estimated strain rate over the parallel length
€Le
Value of the increase of strain over the parallel length, Le, of the test piece per time based on the
crosshead separation rate and the parallel length of the test piece.
3.7.3
Crosshead separation rate
Ve
Displacement of the crossheads per time.
3.7.4
Stress rate
R
Increase of stress per time.
Note: Stress rate should only be used in the elastic part of the test (method B).
3.8
Percentage reduction of area
Z
maximum change in cross-sectional area which has occurred during the test, (S;- Sy), expressed as a
percentage of the original cross-sectional area, S,
S,—S
=2 =4 %100
So
3.9
Maximum force
Note: For materials which display discontinuous yielding, but where no workhardening can be
established, F, is not defined in this part. See footnote to Figure 8c).
3.9.1
Maximum force
Fm
(materials displaying no discontinuous yielding) highest force that the test piece withstands during the
test.
3.9.2
Maximum force
Frm
(materials displaying discontinuous yielding) highest force that the test piece withstands during the test
afterthe beginning of workhardening.
Note: See Figure 8a) and 8b).
3.10
Stress
R
At any moment during the test, force divided by the original cross-sectional area, S,, of the test piece 2
Note 1: All references to stress in this part of GB/T 228 are to engineering stress.
Note 2: In what follows, the designations “force” and “stress” or “extension”, “percentage extension” and
“strain’, respectively, are used on various occasions (as figure axis labels or in explanations for the
determination of different properties). However, for a general description or definition of a well-defined

b B

point on a curve, the designations “force” and “stress” or “extension’, “percentage extension” and “strain”,
respectively, are interchangeable.



GB/T 228.1—2010

3.10.1

Tensile strength

Rm

Stress corresponding to the maximum force, Fm[”.

3.10.2

Yield strength

When the metallic material exhibits a yield phenomenon, stress corresponding to the point reached
during the test at which plastic deformation occurs without any increase in the force. The upper yield

strength and the lower yield strength 1 shall be distinguished.

31027

Upper yield strength

REH

Maximum value of stress " prior to the first decrease in force. See Figure 2.

4 P LY

Rai
R
41
Ren
Rel
¢

a) b)

c) d)

Notes:
e — percentage extension;
R — stress;

Req — upper yield strength;
Re.— lower yield strength;
A — Initial transient effect.

Figure 2 Examples of Upper and Lower Yield Strengths for Different Types of Curve
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J.10.2.2

Lower yield strength

ReL

Lowest value of stress " during plastic yielding, ignoring any initial transient effects. See Figure 2.
3.10.3

Proof strength, plastic extension

Rp

Stress at which the plastic extension is equal to a specified percentage of the extensometer gauge
length, Lo . See Figure 3.

Note: A suffix shall be added to the subscript to indicate the specified percentage, e.g. Ry Indicates the
stress when the specified percentage plastic extension is 0.2%.

Notes:
e — percentage extension;

e, — specified percentage plastic extension;
R — stress;

R, — proof strength, plastic extension.

Figure 3 Proof Strength, Plastic Extension, R, (see 13.1)

3.10.4

Proof strength, total extension

R

Stress at which the total extension is equal to a specified percentage of the extensometer gauge length,
L., See Figure 4.

Note: A suffix shall be added to the subscript to indicate the specified percentage, e.g. Ry s indicates the
stress when the specified percentage total extension is 0.5%.
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Notes:

e — percentage extension;

e;— specified percentage total extension;
R — stress;

R,— proof strength, total extension.

Figure 4 Proof Strength, Total Extension R,

3.10.5

Permanent set strength

R

otress at which, after removal of force, a specified permanent elongation or extension, expressed
respectively as a percentage of original gauge length, L,'", or extensometer gauge length, Lg, has not
been exceeded. See Figure 5.

Note: A suffix shall be added to the subscript to indicate the specified percentage permanent extension.
e.g. Ryp.2 Indicates the stress when the specified percentage permanent extension is 0.2%.

R

Notes

e — percentage extension;

e;— specified percentage permanent set extension;
R — stress;

R, — permanent set strength.

Figure 5 Permanent Set Strength R,
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3.11
Fracture

Phenomenon which is deemed to occur when total separation of the test piece occurs.
Note: Criteria for fracture which may be used for computer controlled tests are given in Figure A.2 In

Annex A.

4 Symbols and Description

The symbols used in this part of GB/T 228 and corresponding designations are given in Table 1.

Table 1 Symbols and Description

Symbols Unit Description
Test Piece
8. T" mim original thickness of a flat test piece or wall thickness of a tube
- i Drigi_nal width qf the parallel length of a_re_&ctang_ular crﬂss-s_ecticm test piece or width of the
longitudinal strip taken from a tube or original width of flat wire
o - original diameter of the parallel length of a circular test piece, or diameter of
round wire or internal diameter of a tube
D, mm original external diameter of a tube
Lo mm Original gauge length
[ mm initial gauge length for determination of A,,, (see Annex I)
L mm parallel length
Le mm extensometer gauge length
Ls mm total length of test piece
d, mm minimum diameter of necking after fracture of the test piece with round cross-section
L, mim final gauge length after fracture
L, mm final gauge length after fracture for determination of Ayn (see Annex |)
So mm® original cross-sectional area of the parallel length
& mm*  |minimum cross-sectional area after fracture
k - coefficient of proportionality (see 6.1.1)
z %o percentage reduction of area
Percentage elongation
A % percentage elongation after fracture (see 3.4.2)
Aun % percentage plastic elongation without necking (see Annex |)
percentage extension
Ae Yo percentage yield point extension
A % percentage plastic extension at maximum force, F,
Agt % percentage total extension at maximum force F,,
A % percentage total extension at fracture
Al iy mm extension at maximum force
ALy mm extension at fracture
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Table 1 (continued)

symbols Unit Description
Rate
ELe % Strain rate
Elc | 5 Estimated strain rate over the parallel length
Ve mm s |Crosshead separation rate
R MPa - s |Stress rate
Force
Fm N Maximum force
Yield strength, proof strength, tensile strength
r MPa®  |modulus of elasticity
m MPFa slope of the stress-percentage extension curve at a given moment of the test
Mg MPa slope of the elastic part of the stress-percentage extension curve ©
ReH MPa®  |Upper yield strength
Rlel | MPa Lower yield strength
Rm MPa Tensile strength
R MPa Proof strength, plastic extension
R MPa Permanent set strength
R MPa Proof strength, total extension

Symbol used in steel tube product standards.

" 1MPa=1N-mm?,

In the elastic part of the stress-percentage extension curve, the value of the slope may not necessarily represent the
modulus of elasticity. This value can closely agree with the value of the modulus of elasticity if optimal conditions
(high resolution, double sided, averaging extensometers, perfect alignment of the test piece, etc.) are used.

5 Principle

The test involves straining a test piece by tensile force, generally to fracture, for the determination of
one or more of the mechanical properties defined in Chapter 3.

The test is 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.

6 Test piece
6.1 Shape and dimensions
6.1.1 General requirements

The shape and dimensions of the test pieces may be constrained by the shape and dimensions of the
metallic product from which the test pieces are taken.

The test piece is usually obtained by machining a sample from the product or a pressed blank or casting.
However, products of uniform cross-section (sections, bars, wires, etc.) and also as-cast test pieces (i.e.
for cast iron and non-ferrous alloys) may be tested without being machined.
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The cross-section of the test pieces may be circular, square, rectangular, annular or, In special cases,
some other uniform cross-section.

The test pieces which have a L= relationship between original gauge length and the
crosssectional area are proportional test pieces. The internationally adopted value for k i1s 5.65. The
original gauge length shall be not less than 15 mm. When the cross-sectional area of the test piece is too
small for this requirement to be met with, k = 5.65, a higher value (preferably 11.3) or a non-proportional
test piece may be used.

Note: By using an original gauge length smaller than 20 mm, the measurement uncertainty is increased.
For non-proportional test pieces, the original gauge length, L, Is Independent of the original
cross-sectional area, S..

The dimensional tolerances of the test pieces shall be in accordance with the Annexes B to E (see 6.2).

ELJS,

6.1.2 Machined test pieces

Machined test pieces shall incorporate a transition radius between the gripped ends and the parallel
length If these have different dimensions. The dimensions of the transition radius are important and it is
recommended that they be defined in the material specification if they are not given In the appropriate
annex (see 6.2).

The gripped ends may be of any shape to suit the grips of the testing machine. The axis of the test piece
shall coincide with the axis of application of the force.

The parallel length, L., or, in the case where the test piece has no transition radii, the free length
between the grips, shall always be greater than the original gauge length, L.

6.1.3 Unmachined test pieces

If the test piece consists of an unmachined length of the product or of an unmachined test bar, the free
length between the grips shall be sufficient for gauge marks to be at a reasonable distance from the
grips (see Annexes B to E).

As-cast test pieces shall incorporate a transition radius between the gripped ends and the parallel length.
The dimensions of this transition radius are important and it is recommended that they be defined in the
product standard. The gripped ends may be of any shape to suit the grips of the testing machine. The
parallel length, L., shall always be greater than the original gauge length, L.

6.2 Types

The main types of test pieces are defined in Annexes B to E according to the shape and type of product,
as shown in Table 2. Other types of test pieces can be specified in product standards.

Table 2 Main Types of Test Piece Unit: mm
Type of product
Sheets — Plates — Flats Wires — Bars — Sections

NN Corresponding Annex

N
Thickness (a)
0.1=a<3 - B
. | <4 C
a=3 =4 D
Tubes E

10
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6.3 Preparation of test pieces

The test pieces shall be taken and prepared in accordance with the requirements of the relevant
products standards or GB/T 2975.

i Determination of Original Cross-sectional Area

The relevant dimensions of the 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 original cross-sectional area, S, Is the average cross-sectional area and shall be calculated from
the measurements of the appropriate dimensions.

The accuracy of this calculation depends on the nature and type of the test piece. Annexes B to E
describe methods for the evaluation of S, for different types of test pieces and contain specifications for
the accuracy of measurement.

8 Marking the Original Gauge Length

Each end of the original gauge length shall be marked by means of fine marks or scribed lines, but not
by notches which could result in premature fracture.

For proportional test pieces, the calculated value of the original gauge length may be rounded to the
nearest multiple of 5 mm as per GB/T 8170, provided that the difference between the calculated and
marked gauge length is less than 10 % of L. The original gauge length shall be marked to an accuracy
of +1%. If the parallel length, Lg, is much greater than the original gauge length, as, for instance, with
unmachined test pieces, a series of overlapping gauge lengths may be marked. In some cases, it may
be helpful to draw, on the surface of the test piece, a line parallel to the longitudinal axis, along which the

gauge lengths are marked.
9 Accuracy of Testing Apparatus

The force-measuring system of the testing machine shall be calibrated in accordance with GB/T 16825.1,
and the accuracy shall be class 1, or better.

The accuracy of extensometer shall be In accordance with the requirement of GB/T 12160. The
verification tests of determing upper vield strength, lower yield strength, yield point extension, proof
strength at plastic extension, proof strength at total extension, and proof strength at permanent
extension shall use the extensometer with accuracy level not less than Level 1; while for determination
of other properties with larger percentage of extension, such as tensile strength, percentage total
extension at maximum force and percentage plastic extension at maximum force, percentage total
extension at fracture and percentage elongation after fracture, extensometer with accuracy level not less
than Level 2 shall be used.

The computer-controlled tensile testing machine shall satisfy GB/T 22066 and refer to Annex A.
10 Test Requirements
10.1 Setting the force zero point

The force-measuring system shall be set to zero after the testing loading train has been assembled,
but before the test piece is actually gripped at both ends. Once the force zero point has been set, the
force- measuring system may not be changed in any way during the test.

Note: The use of this method ensures, that on one hand the weight of the gripping system is
compensated for in the force measurement and on the other hand any force resulting from the clamping
operation does not affect this measurement.

10.2 Method of gripping

The test pieces shall be gripped by suitable means, such as wedges, screwed grips, parallel jaw faces,
or shouldered holders.

Every endeavour should be made to ensure that test pieces are held in such a way that the force is
applied as axially as possible, in order to minimize bending (more information is given in ASTM E1012,
for example [E]}. This Is of particular importance when testing brittle materials or when determining proof

strength (plastic extension), proof strength (total extension) or yield strength.

In order to obtain a straight test piece and ensure the alignment of the test piece and grip arrangement, a
preliminary force may be applied provided it does not exceed a value corresponding to 5 % of the
specified or expected yield strength. A correction of the extension should be carried out to take into
account the effect of the preliminary force.

11



GB/T 228.1—2010

10.3 Testing rate based on strain rate control (method A)

10.3.1 General

Method A is intended to minimize the variation of the test rates during the moment when strain rate
sensitive parameters are determined and to minimize the measurement uncertainty of the test resulis.
Two different types of strain rate control are described in this section. The first is the control of the strain
rate itself, e, ., that i1s based on the feedback obtained from an extensometer. The second Is the control
of the estimated strain rate over the parallel length, e ., which Is achieved by controlling the crosshead
separation rate at a velocity equal to the desired strain rate multiplied by the parallel length.

If a material shows homogeneous deformation behaviour and the force remains nominally constant, the
strain rate, e, and the estimated strain rate over the parallel length, e, are approximately equal.
Differences exist if the material exhibits discontinuous or serrated yielding (e.g. some steels and AlMg alloys
in the yield point elongation range, or materials which show serrated yielding like the Portevin-Le Chatelier
effect) or if necking occurs. If the force is increasing, the estimated strain rate may be substantially below the

target strain rate due to the compliance of the testing machine.
The testing rate shall conform to the following requirements:

a) In the range up to and including the determination of Rgn, Rp or R, the specified strain rate, e,
(see 3.7.1), shall be applied. In this range, to eliminate the influence of the compliance of the tensile
testing machine, the use of an extensometer clamped on the test piece Is necessary to have
accurate control over the strain rate. (For testing machines unable to control by strain rate, a
procedure using the estimated strain rate over the parallel length, e ., may aslo be used.)

b) During discontinuous yielding, the estimated strain rate over the parallel length, e_., (see 3.7.2),
should be applied. In this case, it Is impossible to control the strain rate using the extensometer
clamped on to the test piece because local yielding can occur outside the extensometer gauge
length. The calculated strain rate over the parallel length range may be maintained sufficiently
accurately using a constant crosshead separation rate, V., and in accordance with Equation (1).

v _h:_[__c ) F:.'f___ sessarenassnssnssnnasnssnsanss( | )

Wherein:

e . — estimated strain rate over the parallel length;

L. — parallel length.

C) In the range following Rp, R; or end of yielding, e or e, can be used. The use of e Is
recommended to avoid any control problems which may arise If necking occurs outside the
extensometer gauge length.

The strain rates specified in 10.3.2 to 10.3.4 shall be maintained during the determination of the relevant
material property (see Figure 9).

During switching to another strain rate or to another control mode, no discontinuities in the stress-strain

curve should be introduced which distort the values of Ry, Aq or Ay (see Figure 10). This effect can be

reduced by a suitable gradual switch between the rates.

The shape of the stress-strain curve in the workhardening range can also be influenced by the strain

rate. The testing rate used should be documented (see 10.6).

10.3.2 Determination of the upper yield strength, R,.,,, or proof extension strength R;, R, or R,

The strain rate g, . shall be kept as constant as possible up to and including the determination of R, Rp,
R, and R,. During the determination of these material properties the strain rate shall be in one of the

two following specified ranges (see also Figure 9):

— Range 1: ee =0.00007s”". with a relative tolerance of +20 %:

— Range 2: e, =D,000255‘1, with a relative tolerance of +20% (recommended unless otherwise
specified).

If the testing machine is not able to control the strain rate directly, the estimated strain rate over the
parallel length, e_., i.e. constant crosshead separation rate, shall be used. This rate shall be calculated
using Equation (1) in 10.3.1. If the compliance of the testing machine is considered, an explanation is
given in Annex F.

10.3.3 Strain rate for the determination of the lower yield strength R.y and percentage yield
point extension A,

Following the detection of the upper yield strength, the estimated strain rate over the parallel length, e,
shall be maintained in one of the following two specified ranges (see Figure 9) until discontinuous
yielding has ended:
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— Range 2: e =0.00025s", with a relative tolerance of +20 % (recommended when determined);
— Range 3: e ==0.002s™', with a relative tolerance of +20 %.

10.3.4 Strain rate for the determination of the tensile strength, R,,, percentage elongation after
fracture, A, percentage total extension at the maximum force, Ay, percentage plastic extension at
maximum force, Ay, and percentage reduction area, £

After determination of the required yield/proof strength properties, the estimated strain rate over the
parallel length, e_., shall be changed to one of the following specified ranges (see Figure 9):

— Range 2: e . =0.00025s™", with a relative tolerance of +20 %:

— Range 3: e, =0.002s™", with a relative tolerance of +20 %:

— Range 4: e =D.DDE?5'1, with a relative tolerance of +20% (0.4 min'1, with a relative tolerance of £20%:
recommended unless otherwise specified).

If the purpose of the tensile test is only to determine the tensile strength, then an estimated strain rate
over the parallel length of the test piece according to range 3 or 4 may be applied throughout the entire

test.
10.4 Testing rate based on stress rate control (method B)
10.4.1 General

The testing rates shall conform to the following requirements depending on the nature of the material.
Unless otherwise specified, any convenient speed of testing may be used up to a stress equivalent to
half of the specified yield strength. The testing rates above this point are specified below.

10.4.2 Testing rate for the determination of yield and proof strengths
10.4.2.1 Upper yield strength Ry

The rate of separation of the crossheads of the machine shall be kept as constant as possible and within

the limits corresponding to the stress rates in Table 3.

Mote: For information, typical materials having a modulus of elasticity smaller than 150,000 MPa include magnesium,
aluminium alloys, brass, and titanium. Typical materials with a modulus of elasticity greater than 150,000 MPa include
wrought iron, steel, tungsten, and nickel-based alloys.

Table 3 Stress Rate

Modulus of elasticity of the material Stress rate R/(MPa »s™)
E/MPa | Min. Max.
<150000 2 20
>150000 | 6 60

10.4.2.2 Lower yield strength R

If only the lower yield strength is being determined, the strain rate during yield of the parallel length of the
test piece shall be between 0.00025 s and 0.0025 s™'. The strain rate within the parallel length shall be
kept as constant as possible. If this rate cannot be regulated directly, it shall be fixed by regulating the
stress rate just before yield begins, the controls of the machine not being further adjusted until
completion of yield.

In no case shall the stress rate in the elastic range exceed the maximum rates given in Table 3.
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10.4.2.3 Upper and lower yield strengths, R.y and Rg

If both upper and lower yield strengths are determined during the same test, the conditions for
determining the lower yield strength shall be complied with (see 10.4.2.2).

10.4.2.4 Proof strength (plastic extension), proof strength (total extension) and proof strength
(permanent extension), Rp, Rt and R,

The rate of separation of the crossheads of the machine shall be kept as constant as possible and within
the limits corresponding to the stress rates in Table 3 within the elastic range.

Within the plastic range and up to the proof strength (plastic extension or total extension), the strain rate
shall not exceed 0.0025s™".

10.4.2.5 Crosshead separation rate

If the testing machine Is not capable of measuring or controlling the strain rate, a crosshead separation
rate equivalent to the stress rate given in Table 3 shall be used until completion of yield.

10.4.2.6 Determination of the tensile strength, R,, percentage elongation after fracture, A,
percentage total extension at the maximum force, Ay, percentage plastic extension at maximum
force, Ay, and percentage reduction area, Z

After determination of the required yield/proof strength properties, the test rate may be increased to a
strain rate (or equivalent crosshead separation rate) no greater than 0.008s™".

If only the tensile strength of the material is to be measured, a single strain rate can be used throughout
the test which shall not exceed 0.008s ™.

10.5 Choice of the method and rates

Unless otherwise agreed, the choice of method (A or B) and test rates are at the discretion of the
producer or the test laboratory assigned by the producer, provided that these meet the requirements of
this part of GB/T 228.

10.6 Documentation of the chosen testing conditions

In order to report the test control mode and testing rates in an abridged form, the following system of
abbreviations can be used:

GB/T 228Annn or GB/T 228Bn

where “A" defines the use of method A (strain rate control), and "B" the use of method B (stress rate
based). The symbols “nnn” are a series of up to three characters that refer to the rates used during each
phase of the test, as defined in Figure 9, and “n” may be added to indicate the stress rate selected during
elastic loading.

EXAMPLE 1: GB/T 228A224 defines a test based on strain rate control, using ranges 2, 2 and 4.
E}{AMF'I?E 2. GB/T 228B30 defines a test based on stress rate, performed at a nominal stress rate of 30
MPa +«s .

EXAMPLE 3: GB/T 228B defines a test based on stress rate, performed at a nominal stress rate
according to Table 3.

11 Determination of the Upper Yield Strength

The upper yield strength Rgq may be determined from the force-extension curve or peak load indicator
and is defined as the maximum value of stress prior to the first decrease in force (see Figure 2).

12 Determination of the Lower Yield Strength

The lower yield strength Rg_ is determined from the force-extension curve and is defined as the lowest
value of stress during plastic yielding, ignoring any initial transient effects (see Figure 2).
The basic rules for determing the positions of upper and lower strength are as follows:
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a) The 1% peak stain before yield (the 1% maximum stain) is determined as upper yield strength, no
matter whether the following strain is larger or not;

b) If there are two or more valley stains in during the yield, the 1%' one (the 1%' minimum stain) shall be
rounded down, and the smallest one of the valley stains shall be determined as the lower yield
strength. If there is only 1 valley stain, this shall be taken as the lower yield strength;

C) If the yield point elongation exists during the yield, the elongation strain shall be determined as the
lower yield strength; if there are more than one yield point elongations among which the yield point
elongation of the later is higher than that of the former, the 1% elongation strain shall be taken as
the lower yield strength;

d) The correct result of determination shall be that the lower yield strength must be lower than the
upper yield strength.

For productivity of testing, the lower yield strength may be reported as the lowest stress within the first

0.25% strain after the upper yield strength, not taking into account any initial transient effect. After

determining the lower yield strength by this procedure, the test rate may be increased as per 10.3.4. Use

of this shorter procedure should be recorded on the test report.
Mote: This clause only applies to materials having yield phenomena and when percentage yield point extension is not to
be determined.

13 Determination of Proof Strength, Plastic Extension

1321 The proof strength, plastic extension, Rp, IS determined from the force-extension curve by
drawing a line parallel to the linear portion of the curve and at a distance from it equivalent to the
prescribed plastic percentage extension, e.g. 0.2%. The point at which this line intersects the curve gives
the force corresponding to the desired proof strength plastic extension. The latter is obtained by dividing
this force by the original cross-sectional area of the test piece, S,, (see Figure 3).

If the straight portion of the force-extension curve iIs not clearly defined, thereby preventing drawing the
parallel line with sufficient precision, the following procedure is recommended (see Figure 6).

Motes:
E — percentage extension;

e, — specified percentage plastic extension;
R — stress;
R, — proof strength, plastic extension.

Figure 6 Proof Strength, Plastic Extension, R, (see 13.1)
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During test, when the presumed proof strength has been exceeded, the force Is reduced to a value equal
to about 10 % of the force obtained. The force is then increased again until it exceeds the value obtained
originally. To determine the desired proof strength, a line is drawn through the hysteresis loop. A line is
then drawn parallel to this line, at a distance from the corrected origin of the curve, measured along the
abscissa, equal to the prescribed plastic percentage extension. The intersection of this parallel line and
the force-extension curve gives the force corresponding to the proof strength. The latter is obtained by
dividing this force by the original cross-sectional area of the test piece (see Figure 6).

Mote 1: Several methods can be used to define the corrected origin of the force-extension curve. One of these is to

construct a line parallel to that determined by the hysteresis loop so that it is tangential to the force-extension curve.
The point where this line crosses the abscissa is the corrected origin of the force-extension curve (see Figure B).

Note 2: The plastic strain at the starting point of force reduction is only slightly higher than the specified plastic
extension of Re. Starting points at much higher strain values reduce the slope of the line through the hysteresis
loop.

Mote 3: It not specified in product standards or agreed by the customer, it Is Inappropriate to determine proof strength
during and after discontinuous yielding.

13.2 The property may be obtained without plotting the force-extension curve by using automatic
devices (microprocessor, etc.) or automatic measuring system, see Annex A.

13.3 The successive approximation method provided in Annex J can be used to determine the proof
strength, plastic extension.

14 Determination of Proof Strength, Total Extension

14.1 The proof strength, total extension R; is determined on the force-extension curve, by drawing a
line parallel to the ordinate axis (force axis) and at a distance from this equivalent to the prescribed total
percentage extension. The point at which this line intersects the curve gives the force corresponding to
the desired proof strength. The latter is obtained by dividing this force by the original cross-sectional
area of the test piece, S,, (see Figure 4).

14.2 The property may be obtained without plotting the force-extension curve by using automatic
devices (microprocessor, etc.) or automatic measuring system, see Annex A.

15 Verification and Determination of Permanent Set Strength

The test piece Is subjected to a force corresponding to the specified stress for 10 s to 12 s. After
removing the force, it is then confirmed that the permanent set extension or elongation is not more than the

percentage specified for the original gauge length, see Figure 5.

Note: This is a pass/fail test, which is not normally performed as a part of the standard tensile test. The stress applied to
the test piece and the permissible permanent set extension or elongation is specified either by the product
specification or the requester of the test. Example: Reporting "R s=750 MPa Pass” indicates that a stress of 750
MPa was applied to the test piece and the resulting permanent set was less than or equal to 0.5%.

For example, determination shall be carried out to obtain specified permanent extension strength.
Examples are given in Annex J.

16 Determination of the Percentage Yield Point Extension

For materials that exhibit discontinuous yielding, Ae is determined from the force-extension curve by
subtracting the extension at Rgy from the extension at the start of uniform workhardening. The extension
at the start of uniform workhardening is defined by the intersection of a horizontal line through the last
local minimum point, or a regression line through the range of yielding, prior to uniform workhardening
and a line corresponding to the highest slope of the curve occurring at the start of uniform workhardening.
It is expressed as a percentage of the extensometer gauge length, L. (see Figure 7).

The method used [see Figure 7a) or 7b)] should be documented in the test report.
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0 e {} €
a) Horizontal line method b) Regression method

Notes:

A. — percentage yield point extension;

e — percentage extension;

R — stress;

Renq— upper yield strength;

* Horizontal line through the last local minimum point, prior to uniform workhardening.

» Regression line through the range of yielding, prior to uniform workhardening.

 Line corresponding to the highest slope of the curve occurring at the start of uniform workhardening.

Figure 7 Different Evaluation Methods for Percentage Yield Point Extension, A,

17 Determination of the Percentage Plastic Extension at Maximum Force

The plastic extension at maximum force is obtained by deducting the plastic extension from the total
extension at maximum force In the force-extension curve drawn with extensometer, and then the
percentage plastic extension at maximum force is obtained from the division of it by the extensometer

gauge length.
Calculate the percentage plastic extension at maximum force, A4, from Equation (2):

Ag = (&i.m = Ef:

)}{ 100 sessssanssssssssasansnssasnnean| 72 )

Wherein:

L. — the extensometer gauge length;

mg — slope of the elastic part of the stress - percentage extension curve;
Rm — tensile strength;

AL, — the extension at maximum force.

Mote: For materials which exhibit a plateau at maximum force, the percentage plastic extension at maximum force is the
extension at the mid-point of the plateau, see Figure 1.

The percentage plastic extension at maximum force of some materials is not equal to the percentage
plastic extension without necking. For bars, wires, rods and other long products, the method in Annex |
can be used to determine the percentage plastic extension without necking Ayn.

18 Determination of the Percentage Total Extension at Maximum Force

The method consists of determining the extension at maximum force on the force-extension curve
obtained with an extensometer. Calculate the percentage total extension at maximum force from
Equation (3):
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Wherein:
L. — the extensometer gauge length;
AL, — the extension at maximum force.

Note: For materials which exhibit a plateau at maximum force, the percentage total extension at maximum force is the
extension at the mid-point of the plateau, see Figure 1.

19 Determination of the Ppercentage Total Extension at Fracture

The method consists of determining the extension at fracture on the force-extension curve obtained with
an extensometer. Calculate the percentage total elongation at fracture, A, from Equation (4):

AL,

A, T

» 100 csssssssssanssanssssnsssnnssas( 4 )

Wherein:
L. — the extensometer gauge length;
A.— the extension at fracture.

20 Determination of Percentage Elongation after Fracture

20.1 Percentage elongation after fracture shall be determined in accordance with the definition given
in 3.4.2.

For this purpose, the two broken pieces of the test piece shall be carefully fitted back together so that
their axes lie in a straight line. Special precautions shall be taken to ensure proper contact between the
broken parts of the test piece when measuring the final gauge length. This is particularly important for
test pieces of small cross-section and test pieces having low elongation values.

Calculate the percentage elongation after fracture, A, from Equation (5):

_L.—L.
B

A ]':.‘}D ---4--+u..----u-.."...--...*..........,{: 5 )

Wherein:
L, — the original gauge length:
L, — the final gauge length after fracture.

Elongation after fracture, Ly-Ly, shall be determined to the nearest +0.25 mm or better using a
measuring device with sufficient resolution.

If the specified minimum percentage elongation Is less than 5 %, It is recommended that special
precautions be taken (see Annex ). In principle, the result of this determination is valid only if the
distance between the fracture and the nearest gauge mark is not less than one third of the original guage
length. However, the measurement is valid, irrespective of the position of the fracture. If the distance
between the fracture and the nearest gauge mark is smaller than one third of the original guage length,
the displacement method specified in Annex H can be used to determine the percentage of elongation
after fracture.

20.2 When extension at fracture is measured using an extensometer, It iIs not necessary to mark the
gauge lengths. The elongation is measured as the total extension at fracture, and it is therefore
necessary to deduct the elastic extension in order to obtain percentage elongation after fracture. To
obtain comparable values with the manual method, additional adjustments can be applied (e.g. high
enough dynamic and frequency bandwidth of the extensometer, see A.3.2).

In principle, the result of this determination is valid only if fracture occurs within the extensometer gauge
length, Le. The measurement is valid regardless of the position of the fracture cross-section if the

percentage elongation after fracture is equal to or greater than the specified value.

If the product standard specifies the determination of percentage elongation after fracture for a given
gauge length, the extensometer gauge length should be equal to this length.

20.3 If elongation is measured over a given fixed length, it can be converted to proportional gauge

length, using conversion formulae or tables as agreed before the commencement of testing (e.qg. as In
GB/T 17600.1 and GB/T 17600.2).

Mote: Comparisons of percentage elongation are possible only when the gauge length or extensometer gauge length,
the shape and area of the cross-section are the same or when the coefficient of proportionality, k, is the same.
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21 Determination of Percentage Reduction of Area

Percentage reduction of area shall be determined in accordance with the definition given in 3.8.

The two broken pieces of the test piece shall be carefully fitted back together so that their axes lie in a
straight line. The determination of the minimum cross-sectional area after fracture shall be marked to an
accuracy of +2% (see Figure 13). The difference between the original crosssection area and the
minimum crosssection area divide by the percentage of the original crosssection to obtain the

percentage reduction of area, which can be calculated as per Equation (6).

Se — S,

L= 3

> 100 sesessisscsscsssnssessssasesss( § )

Wherein:
S, — the original cross-sectional area of the parallel length;
S, — minimum cross-sectional area after fracture.

MNote: Measuring the cross-sectional area after fracture with an accuracy of +2% on small diameter round test pieces,
or test pieces with other crosssectional geometries, may not be possible.
22 Rounding off of the Test Results

The results of properties determined by tests shall be rounded off in accordance with the requirements of
relevant product standard. The rounding off shall be performed according to the following requirements

unless otherwise specified:
— the value of strength property shall be rounded off to 1 MPa;

— the percentage yield point extension shall be rounded off to 0.1%, while other percentage extension
and percentage elongation after fracture shall be rounded off to 0.5%:

— the ercentage reduction of area shall be rounded off to 1%.

23 Test Report

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

a) the number of this part of national standard;

b) specifying the test condition information (as required in 10.6);

c) Identification of the test piece;

d) specified material and trademark, It known;

e) Type of test piece;

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

g) testing control mode(s) and testing rate(s) or testing rate range(s) (see 10.6) if different from the
recommended methods and values given in 10.3 and 10.4;

h) testing results.

24 Measurement Uncertainty
24.1 General

Measurement uncertainty analysis is useful for identifying major sources of inconsistencies of measured
results.

Product standards and material property databases based on this part of GB/T 228 and earlier editions
of GB/T 228 have an inherent contribution from measurement uncertainty. It is therefore inappropriate to
apply further adjustments for measurement uncertainty and thereby risk failing product which is
compliant. For this reason, the estimates of uncertainty derived by following this procedure are for
Information only, unless specifically instructed otherwise by the customer.
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24.2 Test Conditions

The test conditions and limits defined in this part of GB/T 228 shall not be adjusted to take account of
uncertainties of measurement, unless specifically instructed otherwise by the customer.

24.3 Testing results

The estimated measurement uncertainties shall not be combined with measured results to assess
compliance to product specifications, unless specifically instructed otherwise by the customer.

For consideration of uncertainty, see Annex L which provide the criteria of evaluation on tensile test
results and Annex M which provide guidance for the determination of uncertainty related to metrological
parameters and values obtained from the interlaboratory tests on a group of steels and aluminium alloys.
oee Bibliography 5 for the evaluation on uncertainty using tensile samples.
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c) Special case of stress-percentage extension behaviour °
Notes:
e — percentage extension;
R — stress;

Ren — upper yield strength;

R — tensile strength.

* For materials which display the case of percentage stress —extension in Figure 8c), no tensile strength
is defined according to this standard. If necessary, separate agreements can be made between the
parties concerned.

Figure 8 Different Types of Stress-extension Curve for Determination of Tensile

otrength R,
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a) Method A b) Method B

Notes:

e — strain rate;

e — siress rate;

t — time progress of the tensile test;

. — crosshead control time;

t..— extensometer control time or crosshead control time;

te— time range (elastic behaviour) for determination of the parameters listed (see Table 1 for
designations);

t— time range (usually up to fracture) for determination of the parameters listed (see Table 1 for
designations);

t,— time range (plastic behaviour) for determination of the parameters listed (see Table 1 for
designations);

1 — Range 1: e =0.00007s™", with a relative tolerance of +20 %:

2 — Range 2: e =0.00025 5'1, with a relative tolerance of 20 %:

3 — Range 3: e=0.002 5 5'1, with a relative tolerance of 20 %:

4 —Range 4: e = 0.0067 s, with a relative tolerance of +20% (0.4 mit"', with a relative tolerance of
i?ﬂﬂfu);

5 — extensometer control or crosshead control;

6 — crosshead control.

“Recommended.

. Expanded range to lower rates, If testing machine is not capable of measuring or controlling the strain

rate (see 10.4.2.5).

Figure 9 Range of strain rates to be used during the tensile test if R.y, Rer, Ae, Rp, Rt, Ry, Ag,
Ay, A, A; and Z are determined
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Notes:
e — percentage extension;
R — stress.

? False values, resulting from an abrupt strain rate increase.
® Stress-strain behaviour, if strain rate is abruptly increased.
Note: For parameter definitions, see Table 1.

Figure 10 lllustration of an inadmissible discontinuity in the stress-strain curve
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b) After testing

Notes:
a, — original thickness of a flat test piece or wall thickness of a tube; L, — total length of test piece;
bo— original width of the parallel length of a flat test piece; L,— the final gauge length after fracture;
L, — the original gauge length: S, — the original cross-sectional area of the
parallel length;
L. — parallel length; 1 — gripped ends.

Note: The shape of the test piece heads is only given as a guide.

Figure 11 Machined test pieces of rectangular cross-section (see Annexes B and D)
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Notes:
L, — the original gauge length;
S, — the original cross-sectional area of the parallel length.

Figure 12 Test pieces comprising an unmachined portion of the product (see Annex C)
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b) After testing

Notes:

d,— original diameter of the parallel length of a circular test piece;
L, — the original gauge length:

L. — parallel length:

L — total length of test piece;

L, — the final gauge length after fracture;

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

S, — minimum cross-sectional area after fracture.

Note: The shape of the test piece heads is only given as a guide.

Figure 13 Machined test pieces of round cross-section (see Annex D)
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b) After testing
Notes:
a, — original wall thickness of a tube; L, — the final gauge length after fracture;
D,— original external diameter of a tube; S, — the original cross-sectional area of
the parallel length;
L, — the original gauge length; Sy — minimum cross-sectional area after
fracture;
L; — total length of test piece; 1 — gripped ends.
Figure 14 Test pieces comprising a length of tube (see Annex E)
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a) Before testing
Notes:
a, — original wall thickness of a tube; L, — the final gauge length after fracture;
b, — original average width of the longitudinal test piece taken fromatube; S, — the original
cross-sectional area of the parallel length;
L, — the original gauge length; Sy — minimum cross-sectional area after
fracture;
L. — parallel length; 1 — gripped ends.

L — total length of test piece;
Note: The shape of the test piece heads Is only given as a guide.

Figure 15 Longitudinal test piece cut from the tube (see Annex E)
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Appendix A
(Informative)
Recommendations Concerning the Use of Computer-controlled Ttensile Testing Machines

A.1 General

This annex contains additional recommendations for the determination of mechanical properties by
using a computer-controlled tensile testing machine. In particular it provides the recommendations that
should be taken into account in the software and testing conditions.

These recommendations are related to the design, the software of the machine and its validation, and to
the operating conditions of the tensile test.

A.2 Terms and definitions

For the purposes of this annex, the following definition applies.
A.2.1

Computer-controlled tensile testing machine

Machine for which the control and monitoring of the test, the measurements, and the data processing
are undertaken by computer.

A.3 Tensile testing machine
A.3.1 Design

The machine should be designed in order to provide outputs giving analogue signals untreated by
the software. |f such outputs are not provided, the machine manufacturer should give raw digital data
with information on how these raw digital data have been obtained and treated by the software. They
should be given in basic S| units relating to the force, the extension, the crosshead separation, the
time and the test piece dimensions. These data shall be corrected In case that the machines are
upgraded. An example of the format of suitable data files is given in Figure A.1.

A.3.2 Data sampling frequency

The frequency bandwidth of each of the measurement channels and the data sampling frequency
should be sufficiently high to record the material characteristics to be measured. For example, determine
the minimum sampling frequency as per Equation (A.1) to determine Rgn:

F R X i % 100 ( A. 1)
Wherein:
fmin — the minimum sampling frequency, In reciprocal seconds {5'1};
e — the strain rate, in reciprocal seconds {8'1);
E — the modulus of elasticity, in megapascals (MPa);
Ren — the upper yield strength, in megapascals (MPa);
q — the accuracy level of the dynamometric system of testing machine.
The choice of Rgy In Equation (A.1) is due to the fact that it corresponds to a transient characteristic
during the test. If the material tested has no yield phenomena, the proof strength R,p2 should be used
and the required minimum sampling frequency can be halved.

If method B (stress rate based) is used, the minimum sampling frequency f., should be calculated using
Equation (A.2):
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Wherein:
R — the stress rate, in megapascals per second (MPa 5'1}1

A.4 Determination of the mechanical properties

A.4.1 General

The following requirements should be taken into account by the software of the machine.
A.4.2 Upper yield strength and lower yield strength

A.4.2.1 Upper yield strength

Ren (3.10.2.1) should be considered as the stress corresponding to the highest value of the force prior to
a reduction of at least 0.5% of the force, and followed by a region in which the force should not exceed
the previous maximum over a strain range not less than 0.5%.

A.4.2.2 Lower yield strength

ReL defined in 3.10.2.2 shall comply with the basic rules determined by the position of lower yield
strength under Chapter 12.

A.4.3 Proof strength at plastic extension and proof strength at total extension
R, (3.10.3) and R (3.10.4) can be determined by interpolation between adjacent points on the curve.
A.4.4 Percentage total extension at maximum force

Aq (see 3.6.4 and Figure 1) should be considered as the total extension corresponding to the maximum
of the stress-strain curve after yield point phenomena.

For some materials it iIs necessary to smooth the stress-strain curve in which case a polynomial
regression is recommended. The smoothing range may have an influence on the result. The smoothed
curve should be a reasonable representation of the relevant part of the original stress-strain curve.

A.4.5 Percentage plastic extension at maximum force

A, (see 3.6.5 and Figure 1) should be considered as the plastic extension corresponding to the
maximum of the stress-strain curve after yield point phenomena.

For some materials it iIs necessary to smooth the stress-strain curve in which case a polynomial
regression is recommended. The smoothing range may have an influence on the result. The smoothed

curve should be a reasonable representation of the relevant part of the original stress-strain curve.
A.4.6 Percentage total extension at fracture

A.4.6.1 Determine A; with reference to the definition of fracture in Figure A.2.

The fracture is considered to be effective when the force between two consecutive points decreases:

a) by more than five times the difference between the value of the previous two points, followed by a
decrease to lower than 2% of the maximum tensile force;

D) lower than 2% of the maximum tensile force (soft materials).

Another useful method for detecting the fracture of the test piece is to monitor the voltage or electric
current through the test piece, when the values measured just before the current is interrupted are taken
as those at fracture.
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"Reference”; "IS0O 6892"
"Identification"; "TENSTAND"
"Material";: "DC 04 Steel"
"Extensometer to crosshead transition"” ; 0.00; "%"
"Specimen geometry”; "flat”
"Specimen thickness = ao”
"Specimen width = bo"
"Cross-sectional area = So”
A "Extensometer gauge length = Le"
"Extensometer output in mm”
"Parallel length = Lc"
"Data acquisition rate 50Hz"
"Data row for start force reduction (Hysteresis) = Hs"

"Data row for end force reduction (Hysteresis) = Be"
"Data row for switch to crosshead = Cs"

"File length H data rows”

"File width M data columns”

"20":0.711:"mm"
*bo*:19.92; "mm"
"S0";14.17; "mm2"
'LE';EH.UU;‘mm‘
"Le”;120.00; "mm*
"N" 2912

"™M*:4

"Hs" -0

"Ha®;0

"Cg”:0

"time": "crosshead"; "extensometer"; "force" "
"5"; Imell; Hmm“; HkNIF

0.40:0.0012;0.0000;0.12654
0.42:0.0016;:;0.0000;0.12992
0.44;0.0020;0.0001;0,133214
0.46:;0.0024;0.0002;0.13699
0.48:0.0029;0.0003;0.149115%§
0.%50;:;0.0025;0.0004;0.16620
0.52;0.0041;0.0006;0.151.24
0.54:0.0047;0.0007:0.1566%9
0.56:0.0054;0.0008;0.16247
0.58:0.0060;0.0009;0.16734
0.60:0.0067;0.0012;0.17370
0.62;0.0074:0.0013;0.17980
0.64:0.0082:0.0014;:0.18628

Notes:
A — header:;

B — test parameters and sample dimensions;
C — data.

Figure A.1 Example of the format of suitable data files
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F — force;
Fm — maximum force;
F et — force at measuring point n+1;
AP — force difference between measuring point n and n-1;
AF 1, n — force difference between measuring point n+1 and n;
t — time;
I — fracture;
O — data point.

Criteria for fracture: |AF+1. n| >5|AF,. n.1] and/or F,+1 <0.02F
Figure A.2 Schematic representation for definition of fracture of the test piece

A.4.6.2 If the extensometer is kept on and the extension is measured until the fracture, evaluate the
value at point 1 in Figure A.2.
A.4.6.3 If the extensometer is removed or if the extension measurement is interrupted before

fracture but after maximum force, F,,, then it is permitted to use crosshead displacement to determine
the additional elongation between removal of the extensometer and fracture. The method used should
be verifiable.

A.4.7 Measurement of the slope of the curve in the elastic range

In order to be valid for test pieces of unknown characteristics, the method used should not rely upon any
predefined stress limit, unless this is defined in the product standard or by agreement between parties to
the test.

The most convenient methods based on the calculation of the characteristics of a sliding segment are
the most convenient. The parameters are:

a) the length of the sliding segment (number of points used);

b) the equation chosen as reference to define the slope of the curve.
Note: If the straight portion of the force extension curve is not clearly defined, refer to 13.1 and Annex J.

The slope of the curve in the elastic range corresponds to the mean slope in a range where the following
conditions are fulfilled:

c) the slope of the sliding segment is constant;

d) the selected range is representative.

In any case, it should be recommended that pertinent limits for the range can be selected by the user in
order to eliminate unrepresentative values of the slope of the curve In the elastic range.
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References to these and other acceptable methods are given in References [4], [9], [6], [7].
A recommended method to determine the slope of the elastic line for evaluation of Ry 2:

— linear regression of the linear range;

— lower limit: = 10% of Rpg2;

— upper limit: = 50% of Ryg.2;

— to get more exact data for Rz, the elastic line must be checked and if necessary recalculated with
other limits.

A.5 Validation of the software for determination of the tensile properties

The efficiency of the methods used by the testing system to determine the various material
characteristics may be checked by comparison with results determined In the traditional manner by
examination/calculation from plots of analogue or digital data. Data which are derived directly from the
machine transducers or amplifiers should be collected and processed using equipment with frequency
bandwidth, sampling frequency and uncertainty, of at least equal to those used to provide the machine
computer-calculated results.

Confidence may be placed in the accuracy of the machine computer processing if differences In
arithmetic means between computer-determined values and those determined manually on the same
test piece are small. For the purposes of assessing the acceptability of such differences, 5 similar test
pieces should be tested and the average difference for each relevant property should lie within the limits
shown in Table A.1.

Mote: This procedure confirms only that the machine finds the maternal characteristics for the particular test piece shape,
material tested and conditions used. It gives no confidence that the properties of the material tested are either
correct or fit for purpose.

If other methods are used, e.g. injection of a pre-determined set of data from a known material with a
recognized level of quality assurance, these should meet the requirements mentioned above and those
in Table A.1.

Table A.1 Maximum permitted differences between computer-derived and manually derived

results
Parameter | iy =
Relative © Absolute © Relative © Absolute ©
Rpo.2 <0.5% 2 MPa <0.35% 2 MPa
Ro1 =0.5% 2 MPa <0.35% | 2 MPa
ReH =1% 4 MPa <0.35% 2 MPa
RaL <0.5% 2 MPa <0.35% 2 MPa
R <0.5% " 2 MFa <0.35% 2 MPa
A <2% <2%
. 1
D= - 2 D; .
k i F o : e 2
Wherein:

Di — the difference between the result of manual evaluation, H;, and the result of computer evaluation, R;, for a test piece
{Di = H- Ri};

n — the number of identical test pieces from one sample (2 5).

“The highest of the relative and absolute values should be taken into account.
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Annex B
(Normative)
Types of Test Pieces to be Used for Thin Sheets and Strips between 0.1 mm and 3 mm Thick
Note: For products of less than 0.5 mm thickness, special precautions may be necessary.

B.1 Shape of the test piece

Generally, the test piece has gripped ends which are wider than the parallel length (see Figure 11a). The
parallel length shall be connected to the ends by means of transition curves with a radius of at least 20
mm. The width of these ends should be 21.2 b,, where b, is the original width.

By agreement, the test piece may also consist of a strip with parallel sides. For products of width equal to
or less than 20 mm, the width of the test piece may be the same as that of the product.

B.2 Dimensions of the test piece
Three different non-proportional test piece geometries are widely used (see Table B.1).

See Table B.2 for the dimensions of three non-proportional test pieces which are commonly used.

b,
The parallel length shall not be less than “* ™ 2

In case of dispute, the length L,+2b,, should be used, unless there is insufficient material.

For parallel side test pieces less than 20 mm wide, and unless otherwise specified in the product
standard, the original gauge length, L,, shall be equal to 50 mm. For this type of test piece, the free
length between the grips shall be equal to L,+3b,.

When measuring the dimensions of each test piece, the tolerances on shape given in Table B.3 shall
apply.

For test pieces where the width is the same as that of the product, the original cross-sectional area, S,,
shall be calculated on the basis of the measured dimensions of the test piece.

Table B.1 Dimensions of proportional test pieces with rectangular cross-section

- — K=5.65 K=11.3
L Lo/mm Lo/ mm Test piece No. Lo/mm Lo/mm Test piece No.
1
0 2Lo+bo/2 P1 o +bof2 PO1
12.5 570 565 v 9. | Arbitration 2 113 v Se Arbitration P02
15 =15 test: Lo+ 2 P3 =15 test: Lo+ 2 b, P03
20 Do P4 P04

NOTE 1: The proportional test piece with coefficient of proportionality k=5.65 shall be preferred. The non proportional
test piece in Table B.2 shall be recommended if the proportional gauge length is less than 15 mm.

NOTE 2: If necessary, small lugs can be provided on the parallel length of the test piece with thickness less than 0.5 mm
to equip with the extensometer. The distance between the center lines of upper and lower lugs Is the onginal
guage length.
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Table B.2 Dimensions of non-proportional test pieces with rectangular cross-section

Lo/mm
b /mm rfmm Lo/mm with parallel Without Test piece No.
sides parallel sides
125 +10 75 87.5 PS5
20 220 80 120 140 P&
25 50° 100° 120° P7

d

Compared to the test pieces with width of 12.5 mm and 20 mm, the L./by and Ly/by with thickness of 25 mm is very
low. The properties of these test pieces, especially the percentage elongation after fracture (absolute value and
dispersion range), is different with those of the other two types of test pieces.

Table B.3 Tolerances on the width of the test piece Unit: mm

Mominal width of the test piece

Tolerance on dimension °

Tolerance on shape °

129 + 0.00 0.06
20 +0.10 0.12
25 + 0.10 0.12

" These tolerances are applicable if the nominal value of the original cross-sectional area is to be included in Table B.3
without having to measure it again.
" Maximum deviation between the measurements of the width along the entire parallel length, L., of the test piece.

B.3 Preparation of test pieces

The test pieces shall be prepared so as not to affect the properties of the sample. Any areas which have
been hardened by shearing or pressing shall be removed by machining.
These test pieces are predominantly prepared from sheet or strip. If possible, the as-rolled surfaces

should not be removed.

Note: The preparation of these test pieces by punching can result in significant changes to the material properties.
Especially the yield/proof strength (due to workhardening). Materials which exhibit high workhardening should,
generally, be prepared by milling, grinding etc.

For very thin materials, it is recommended that strips of identical widths should be cut and assembled
Into a bundle with intermediate layers of a paper which is resistant to the cutting oil. Each small bundle of
strips should then be assembled with a thicker strip on each side, before machining to the final
dimensions of the test piece.

Tolerances on dimension and shape of machined test piece shall be in accordance with the requirement
of Table B.3. For example, for a test piece with a nominal width of 12.5 mm, the tolerance is £0.05 mm,
which means that the width of test piece shall not exceed the range between the following two values:

12.5 mm + 0.05 mm = 12,55 mm 12.5 mm - 0.05 mm = 12.45 mm

B.4 Determination of original cross-sectional area

The original cross-sectional area shall be calculated from measurements of the dimensions of the test
plece.

The error in determining the original cross-sectional area shall not exceed + 2%. As the greatest part of
this error normally results from the measurement of the thickness of the test piece, the error In
measurement of the width shall not exceed +£0.2%.

In order to achieve test results with a reduced measurement uncertainty it is recommended that the
original cross-sectional area be determined with an accuracy of £1% or better. For thin materials special
measurement techniques may be required.
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Annex C
(Normative)

Types of Test Pieces to be Uused for Wire, Bars and Sections with a Diameter or Thickness of
Less Than 4 mm

C.1 Shape of the test piece
The test piece generally consists of an unmachined portion of the product (see Figure 12).
C.2 Dimensions of the test piece

The original gauge length, L,, shall be taken as 200 mm = 2 mm, or 100 mm £ 1 mm. The distance
between the grips of the machine shall be equal to at least L,+3b, or L,+3d, but a minimum of L+ 20
mm. See [able C.1.

Table C.1 Non proportional test piece

do Bk as /mm Lo/mm Lo/mm Test piece No.
100 2120 R9
<4
200 2220 R10

If the percentage elongation after fracture is not to be determined, a distance between the grips of at
least 50 mm may be used.

C.3 Preparation of test pieces

If the product is delivered coiled, care shall be taken in straightening it.

C.4 Determination of original cross-sectional area

The error in determining the original cross-sectional area shall not exceed = 1%.

For products of circular cross-section, the original cross-sectional area may be calculated from the
arithmetic mean of two measurements carried out in two perpendicular directions.

The original cross-sectional area in square millimetres may be determined from the mass of a known
length and its density using Equation (C.1):

_1000+m

Se=" T

Wherein:
m — the mass, in grams (g), of the test piece;

L: — the total length, in millimeters (mm), of the test piece;
p— the density, in grams per cubic centimeter (g - cm™), of the test piece material.
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Annex D

(Normative)

Types of Test Pieces to be Used for Sheets and Flats of Thickness Eequal to or Greater Than 3
mm, and Wire, Bars and Sections of Diameter or Thickness Equal to or Greater Than 4 mm

D.1 Shape of the test piece

Usually, the test piece is machined. The parallel length shall be connected by means of transition radii to
the gripped ends which may be of any suitable shape for the grips of the testing machine (see Figure 13).
The minimum transition radius between the gripped ends and the parallel length shall be:

a) =0.75d, for the cylindrical test pieces;
b) 212 mm for other test pieces.
Sections, bars, etc., may be tested unmachined, if required by relevant product specifications.

The cross-section of the test pilece may be circular, square, rectangular or, in special cases, of another
shape. For test pieces with a rectangular cross-section, it is recommended that the width to thickness
ratio should not exceed 8:1.

In general, the diameter of the parallel length of machined cylindrical test pieces shall be not less than 3
mm.

D.2 Dimensions of the test piece
D.2.1 Parallel length of machined test piece

The parallel length, L,, shall be at least equal to:

d.
a) L.+ 2 for cylindrical test pieces;

b) Lo+ 1.5V5.for other test pieces.

In cases of dispute, the length L,+2d,or Lo+ 2+/S. . shall be used depending on the type of test piece,
unless there is insufficient material.

D.2.2 Length of unmachined test piece

The free length between the grips of the machine shall be adequate for the gauge marks to be at least a
distance of +'S. from the grips.

D.2.3 Original gauge length
D.2.3.1 Proportional test pieces

As a general rule, proportional test pieces are used where L, Is related to the original cross-sectional
area, S;:

Lﬂ=|(-._f’:"'}-.:
Where K is equal to 5.65, or it may also be 11.3.

lest pieces of circular cross-section should preferably have one set of dimensions given in Table D.1
and D.2.
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Table D.1 Circular cross-section proportional test pieces

K=5.65 K=11.3
do/mm rfmm ' :
Lo/mm Lymm | (SIS | LJmm | Type of test piece

29 R1 RO1

20 R2 RO2

:'IE >Lo + do/2 :i >Lo + dof2 Egj

Arbitration Arbitration

] 20.75d, hd, St RE 10d, - RO5

5 Lo + 2d RE Lo + 2d ROB

+ R7 RO7Y

3 R& RO8

Mote 1: R2, R4 or R7 test piece shall be preferred unless otherwise specified by relevant product standard.
Mote 2: The total length of test piece shall be dependent on the method of gripping, Li=L: + 4d; In principle.
Table D.2 Rectangular cross-section proportional test pieces
K=5.65 K=11.3
do/mm r/mm -
ﬂ Lo/mm Lo/mm TEELE'IEEE Lo/mm Lo/mm T:'fp; :;;EE[

12. 5 P7 PO7
15 >L,+ 1.5+/5. P& >L,+ 1.5+/5. P08
20 =12 5.65+/S. | Arbitration test: P9 11.3+/S. | Arbitration test: P09
25 L.|:|+E"*-lrf§d- P10 L.:."i"Ei'.a”IE PD10
30 Pl PO11

D.2.3.2 Non proportional test pieces

Mote: Test piece with the coefficient of proportionality k=5.65 shall be preferred unless otherwise specified by relevant
products standard.

See Table D.3 for the dimension of non proportional test piece with rectangular cross section. Non
proportional test pieces are permitted if required by relevant product standard.
The parallel length shall not be less than L, + b,/2. In cases of dispute, the parallel length L.=L, + 2b,
shall be used depending on the type of test piece, unless there is insufficient material.

Table D.3 Dimensions of non-proportional test pieces with rectangular cross-section

d,/mm r/mm Lo/mm Lo/mm Type of test plece
14.9 o0 P12
20 80 >L, + 1.57/30 P13
29 =20 o0 Arbitration test: P14
38 50 Lo*2/5. P15
40 200 P16
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D.3 Preparation of test pieces

D.3.1  The tolerances on the transverse dimensions of machined test pieces are shown in Table D.4.
Examples for these are shown in D.3.2 and D.3.3:
D.3.2  Tolerance on dimensions

The value given in Table D.4 means that, for a test piece with a nominal diameter of 10 mm which
satisfies the machining conditions given above, the deviation between the smallest and largest
diameters measured shall not exceed £0.03 mm.

10 mm+0.03 mm=10.03 mm 10 mm-0.03 mm=9.97 mm
D.3.3  Tolerance on shape

The value given in Table D.4 means that, for a test piece with a nominal diameter of 10 mm which
satisfies the machining conditions given above, the deviation between the smallest and largest
diameters measured shall not exceed 0.04 mm.

Consequently, if the minimum diameter of this test piece is 9.99 mm, its maximum diameter shall not
exceed 9.99 mm+0.04 mm=10.03 mm.

Table D.4 Tolerances on the transverse dimensions of test pieces Unit: mm

. . Nominal transverse Tolerance on b
Designation : : . . @ Tolerance on shape
dimension dimension
23
<5 +0.02 0.03
Diameter _-::lf machined test p_iecea .Df circular >6 +0 03 0 04
cross-section and transverse dimensions of test =10
pieces of rectangular cross-section machined on =10
all four sides <18 $0.05 0.04
=18
<30 +0.10 0.05
s 0.02 0.03
<6 T, .
=6
<10 +0.03 0.04
Transverse dimensions of test pieces of ~10
rectangular cross-section machined on only two <18 +0.05 0.06
opposite sides _18
-
<30 +0.10 0.12
=30
<50 +0.15 0.15

If the tolerances of the test pieces comply with Table D.4, the original cross-section area can be nominal value without
having to measure it. If the tolerances of test pieces do not comply with Table D.4, it is essential to measure every
individual test piece.

Maximum deviation between the measurements of a specified transverse dimension along the entire parallel length of

the test piece.

D.4 Determination of original cross-sectional area

The nominal dimensions can be used to calculate for test pieces of circular cross-section and
rectangular cross-section machined on all four sides that satisfy the tolerances given in Table D.4. For all
other shapes of test pieces, the original cross-sectional area, S,, shall be calculated from measurements
of the appropriate dimensions, with an error not exceeding +0.5% on each dimension.
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Annex E
(Normative)
Types of Test Pieces to be Used for Tubes

E.1 Shape of the test piece

The test piece consists either of a length of tube, or a longitudinal test piece cut from the tube and
having the full thickness of the wall tube (see Figures 14 and 15), or of a test piece of circular
cross-section machined from the wall of the tube.

Machined transverse, longitudinal and circular cross-section test pieces are described in Annex B for
tube wall thickness less than 3 mm, and in Annex D for thickness equal to or greater than 3 mm.

E.2 Dimensions of the test piece

E.2.1 Longitudinal test piece

See Table E.1 for the dimensions of longitudinal test piece. Test piece dimensions other than those given
in Table E.1 can be specified in the product standard. Longitudinal test piece is generally applicable to
the tubes with the thickness of wall greater than 0.5 mm.

To grip on the testing machine, two ends of the longitudinal test piece can be flattened, but the parallel
length part shall not be flattened.

For the test pieces without ends, the free length between the grips shall be adequate for the gauge
marks to be at least a distance of 1.5 vS. from the grips.

Table E.1 Longitudinal test piece

K=5.65 k=11.3
b,/mm | a;/mm | rfmm Test piece Type of
Lo/mm L./mm No. Lo/mm L/mim test piece
o =01
ETE;TF 2, +15v8, | S2 | 2L, + 1.5V/5. S02
>70~100 - =12 5 G5V D Arbitration test: S53/54 1.3 9. Arbitration test: S03
thickne . . .
>100~200 25 | ss Lo+2v/Se S5 Lo+2v'S.
=200 38 =b
Mote: Test piece with the coefficient of proportionality k=5.65 shall be preferred unless otherwise specified by relevant products standard.

E.2.2 Test piece of tube

See lable E.2 for the dimension of test piece of tube. Plugs shall be added at two ends of the test piece.
The distance between plug and the nearest guage mark shall be not less than D./4, and the distance
shall be D, in arbitration test if materials are sufficient. The extended length of the plugs in relative to the
testing machine in the guage direction shall be not less than D, and its shape shall not influence the
deformation within the guage.

The two grips of test piece of tube are permitted to be flattened and to be tested with or without flat plugs.
For the unflattened arbitration test, the plugs shall be provided.
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Table E.2 Test piece of tube

Lo/mm Lo/mm Type of test piece
_ 2L +D./2
2.60/5. Arbitration test: L,+2D, S/
50 =100 S8

E.2.3 Machined transverse test pieces

For the machined transverse rectangular crosssection test piece, when the wall thickness is smaller than
3 mm, test pieces in Table B.1 or Table B.2 shall be used; when the wall thickness is greater than or
equal to 3 mm, test pieces in Table D.2 or Table D.3 shall be used.

For the test pieces without ends, the free length between the grips shall be adequate for the gauge
marks to be at least a distance of 1.5b, from the grips.

Special measures shall be taken to correct the transverse test piece.

E.2.4 Circular cross-section test piece machined in tube wall

Machined longitudinal circular cross-section test piece shall use test pieces in Table D.1. Relevant
product standard shall specify the circular cross-section dimension as per the wall thickness and select
from Table E.3 if not specified.

Table E.3 Circular cross-section test piece machined in tube wall

a./mm Test piece used
8~13 E7
>13~16 R5
>16 R4
E.3 Determination of original cross-sectional area

The error in determining the original cross-sectional area of test piece shall not exceed £+ 1%.

The original cross-section areas of the test piece of tube, the longitudinal or transverse test piece without
ends can be calculated as per Equation (E.1) after measuring the length of test piece, the quality of test
piece and the density of materials:

llllllllllllllllllllllllllllll

wherein

m — the mass, in grams (g), of the test piece;

L; — the total length, in millimeters (mm), of the test piece;

n— the density, in grams per cubic centimeter (g cm™), of the test piece material.

The original cross-sectional area of a test piece consisting of a longitudinal test piece shall be calculated
according to Equation (E.2):

: | 5 =y
Do == l;q_([;ﬁ: — b,* )+ D; E.I'L'.!'-lir'l(g_i) - %[UJD — 2a,)* — b,* }V*
Dﬂ Eﬂﬂ ? i ‘!}n saE sdaBsE SEEEEE ARG AR RRE RN SRS r
( E ) ﬂf{'51ﬂ(r,—j;.'_ Hﬂu) { L. E }
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Wherein:

a, — the thickness of the tube wall;

b, — the average width of the longitudinal test piece, by,<(D, - 2a,);
D, — the external diameter of the tube.

The simplified Equation (E.3) and (E.4) can be used for longitudinal test pieces:
b,
When D.<(.25,

EJ' '
sz,ﬂﬂbﬂ [1.]__.__1.__.] -.“...--.u.u.u............(’ E_L 3 )

b,
When P-<(.1.

Secloe: @00 s s e (E.4)
For length of tube, the original cross-sectional area shall be calculated from Equation (E.5):
S.D:ag(Dﬂ'Eg) o STt b e o e xR S S R e P E Ry e e S (E;S}
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Annex F
(Informative)

Estimation of the Crosshead Separation Rate in Consideration of the Stiffness (or Compliance) of
the Testing Machine

Equation (1) in 10.3.1 does not consider any elastic deformation of the testing equipment (frame, load
cell, grips, etc.). This means that the deformation can be separated into the elastic deformation of the
testing equipment and the deformation of the test piece. Only a part of the crosshead separation rate is
transferred to the test piece. The resulting strain rate at the test piece, e, In reciprocal seconds, is given
by Equation (F.1):

e = ,F,__;f( ”';MS“ s LF) cesssnsasvresresensenasessesse( F. 1 )
Wherein:
Cwm the stiffness, in newtons per millimetre, of the testing equipment (around the point of interest
such as Ryo 2, If stiffness is not linear, e.g. when using wedge grips);
Em the strain rate occuring in test piece, in seconds (s™')
L the parallel length, in millimetres (mm), of the test piece;
m —— the slope, in megapascals (MPa), of the stress-percentage extension curve at a given moment

of the test (e.g. around the point of interest such as Ryg2);
the original cross-section area, in square millimetres {mm‘?}:
the crosshead separation rate, in millimetres per second (mm - 5'1).

Mote: The values of m and Cyy derived from the linear portion of the stress/strain curve cannot be used.

Equation (1) does not compensate for the effects of compliance (see 10.3.1). A better approximation of
the crosshead separation rate, in millimetres per second (rnm-s'1), necessary to produce a resulfing

strain rate at the test piece, e, , around the point of interest, can be made from Equation (F.2):

Ff:é"'(méfﬁ hi_Lr) P n e ol - I
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Annex G
(Informative)
Measuring the percentage elongation after fracture if the specified value is less than 5%

Precautions should be taken when measuring the percentage elongation after fracture if the specified
value is less than 5%.

One of the recommended methods is as follows:

Prior to the test a very small mark should be made close to each end of the parallel length.Using a pair of
needle-pointed dividers set at the gauge length, an arc is scribed with the mark as a centre.After fracture,
the broken test piece should be placed in a fixture and axial compressive force applied, preferably by
means of a screw, sufficient to firmly hold the pieces together during measurement.A second arc of the

same radius should then be scribed from the original centre closest to fracture.And the distance between
the two scratches measured by means of a measuring microscope or other suitable instrument is
elongation after fracture, which should be accurate to within =0,02 mm.In order to render the fine

scratches more easily visible, a suitable dye film may be applied to the test piece before testing.
Note: Another method Is described in 20.2 (measuring extension after fracture using an extensometer).
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Annex H
(Informative)
Measurement of percentage elongation after fracture based on the displacement method

To avoid having to reject test pieces where the position of the fracture does not comply with the
conditions of 20.1, the following method may be used:

a) before the test, subdivide the original gauge length into N equal lengths of 5 mm (recommended)
to 10 mm;

D) after the test, use the symbol X to denote the gauge mark on the shorter part of the test piece and
the symbol Y for the gauge mark on the longer part of the test piece which is at the same distance
from the fracture as mark X.

If n I1s the number of intervals between X and Y, the elongation after fracture is determined as follows:

1) If N-n Is an even number [see Figure H.1a)], measure the distance between X and Y, |, and the
N—n
distance from Y to the graduation mark Z, |, located at 2 intervals.Calculate the percentage

elongation after fracture using Equation (H.1):

A ;Exjf_!_ﬁff'ﬂ — Lo % 100 sesssssssasnnssssncssanncesneni H. 1 )
Pl If N-n Is an odd number [see Figure H.1 b)|, measure the distance between X and Y and the

distance from Y to the graduation marks Z' and Z°, |, and |- located respectively at 2(N-n-1) and
Y2(N-n+1) intervals.Calculate the percentage elongation after fracture using Equation (H.2):

ki f:-n‘“*_‘f't‘fj'”f‘-_’r!'___f*ux JOO  sessssssnsssaneeasas e ( H.2)
e —— ----.IIII — —
[ o
’L - | EEENTYE &
— :1"|rT"_i|"| TrTd e
r 2 1
X Y zZ

a) N-n is an

even number
N

N—n—1 I
fl E

X b)N-nis an odd

|
|
| BN

number
Notes:
n — number of intervals between X and Y;
N — number of equal lengths;
X — gauge mark on the shorter part of the test piece;
¥ — gauge mark on the longer part of the test piece;
222" — division marks.

Mote: The shape of the test piece heads is only given as a guide.

Figure H.1 Examples of the displacement method
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Annex |
(Informative)

Determination of the plastic elongation without necking, A, for long products such as bars,
wire and rods

This method is to be performed on the longer part of a tensile test piece.

Before the test, equidistant marks are made on the gauge length, the distance between two successive
marks being equal to a fraction of the initial gauge length, L',. The marking of the initial gauge length, L',,
should be accurate to within 0.5 mm.The measurement of the final gauge length after fracture, L', is
made on the longest part of the test piece and should be accurate to within £0.5 mm.

In order for the measurement to be valid, the following two conditions should be met:

a) the limits of the measuring zone should be located at least 5d, from the fracture and at least 2.5d,
from the grip;

Note: If the cross section of the test piece is irregular figure, d, is the circumscribed circle diameter of
the irregular cross section.

b)  the measuring initial gauge length should be at least equal to the value specified in the product
standard.

The percentage plastic elongation without necking is calculated by Equation (1.1):
Lru i L!-ﬂ

A‘.Ti :"-_'_""L'T_' :H:- ?nn EEHE EFEE RS AR EEE A R RS lllll[: Ir l }
Note: For many matenals, the maximum force occurs in the range where necking starts.This means that the values

for Ag and A, for these materials will be nearly equal.However, large differences between Ag and A, will be found

in highly cold deformed material such as double reduced tin plate or irradiated structural steel or tests performed at
elevated temperatures.
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Annex J
(Normative)
Determination of plastic extension strength (R;) based on successive approximation method

J.1 Range

The successive approximation method applies to the determination of plastic extension strength of
metallic materials without obvious elastic straight line segment.For metallic materials whose straight line
segment height is not less than 0.5F,, on the force-extension curve, this method also applies to the
determination of their plastic extension strength. I he successive approximation method can apply to the
tensile test automated test of this performance.

J.2 Methods

Determine the plastic extension strength based on force — extension curve diagram.

During the test, record the force — extension curve diagram, at least until it exceeds the expected range
of plastic extension strength.On the force — extension curve, estimate any point, like A, , as the force
when the percentage of plastic extension strength is 0.2%, and determine By and D, on the curve
whose force are respectively 0.1 Fw.: and 0.5 Fw: |, and draw a straight line B;Dj.Intercept line
segment OC (OC=0.2%"Ls*n, where n stands for the magnification factor of extension) from the origin O
(correct the origin if neccssary) of the curve, draw a parallel line CA, of B4D4 over point C, and make CA;

and the curve intersect at point A4.If A;and A, superpose each other,f«.: represents the force when
the percentage of plastic extension is 0.2%.

If A; and A; do not superpose each other, further approximation in accordance with the above steps is
1
required.At this time, take the force of point A,, F .2 determine B; and D, on the curve whose force

are respectively 0.1 Fo.2 and 0.5 [ F**-E, and draw a straight line B,D.,.Draw a parallel line CA; of B:D-
over point C, and make CA-, and the curve intersect at point A,, use successive approximation method to
make the last crosspoint A, and the previous crosspoint A,.; superpose each other (see Figure J.1).The
force of A, represents the force when the percentage of plastic extension is 0.2%.This force divided by
the original cross-sectional area of the test piece equals to the determined plastic extension strength
Rpg_g.

The final slope of line B,D, can generally be regarded as the nominal slope for determining other plastic

extension strength.
Mote: The successive approximation method Is inappropriate when determining the plastic extension strength of low
strength materials as soft aluminium.
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Figure J.1 Determination of plastic extension strength based on successive approximation
method
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Annex K
(Informative)

Example for deternination of permanent extension strength (R,;2) based on the stress relaxation
method

Test material: steel, expected percentage permanent extension R, ;<800 MPa

Dimension of test piece: d=10.00 mm, S,=78.54 mm?;

Extensometer: gauge extensometer, level 1 accuracy, L.,=50 mm, each division is 0.01 mm;
Testing machine: maximum measuring rage 200 kN, choosen dial is 100 kN;

Tesing rate: In accordance with the requirements specified in 10.3.2.

Calculate the prestress corresponding to the stress value of 5% in accordance with the expected
permanent extension strength as the following:

Fo=R2X5;X5%=6283.2 N, use 6000 N after roundoff. At this moment, the zeropoint of extensometer
is 1 division.

The extensometer gauge length used is 50 mm, permanent extension required for determining the
permanent set strength R,g> shall be 50x0.2%=0.1 mm.lt can be converted into divisions of
extensometer as 0.1+0.01=10.

At the first time, apply force from F, to the test piece until it gets the total extension of 10+(1~2)=11~12
divisions within the extensometer gauge length; since the zeropoint is 1 division, the total amount is 13
divisions, maintain the force for 10s~12s and lower it to F,, then the reading of extensometer is 2.3
divisions, which means the permanent extension is 1.3 divisions.

And the second time, apply force until the extensometer gets the readings which equal to the last
reading of 13 divisions plus the difference between the permanent set extension of 10 divisions and the
measured permanent extension of 1.3 divisions and plus 1~2 divisions ,that is 13+(10-1.3)+2=23.7
divisions.Maintain the force for 10s~12s and lower it to F,, then gets the permanent extension reading of
7.3 divisions.

For the third time, apply force until the extensometer gets the readings of 23.7+(10-7.3)+1 = 27.4
divisions.

The test will not stop until the permanent extension reading arrives at or over 10 divisions, see Table K.
for test records.

Permanent set strength R,g.» Is calculated as the following:

According to Table K.1, the force value whose permanent strength reading is proximal to 10 divisions is
61000 N, which means the determined permanent set strength should be between 61000 N and 62000

N.The permanent set strength calculated by linear interpolation method is:
_(10.5—10) X 61 0004 (10—9.7) X 62 000 _ o, 375 N

Feo.2 = S (10.5—9.7)
Results in:
61 375
- = B o [ I - mrI p:
Rr.-l|l- -rII-II.H.. 54 Tﬂ 4 l 1

According to the requirement of Chapter 22, the rounding off result is Rg>=781 MPa
Table K.1 Force — data record of permanent extension

Extensometer Extensometer

Force/N readingfdjuisicm when reading!fdivisiﬂn when oxt ;nesl}r;ﬁ ;;ie:i';i -
applying force applying prestress

6000 1.0 — —

41000 13.0 2.3 1.3

57000 2.7 8.3 Filt

61000 27.4 10.7 9.7

62000 28.7 11:5 10.5
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Annex L
(Informative)
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Estimation of the uncertainty of tensile test measurement

Examples for estimation of the uncertainty of tensile test measurement

Estimate the uncertainty of low-carbon and low-alloy steel using the mean results of tensile strength and
plastic index of three test pieces.

Use 10 test pieces to get the measurement list, and the outcome measurement ia as the following table

L.1.
Standard deviation of the experiment is calculated as the Bessel Formula:
—— _
DX, —X)?
JI - —'-I "_ 1 ffTR EaEeE AN tl-l'l'il'l'i!l-l!lnll-il-i!l--l( L- 1 }
Wherein:
x=13x,
L per
Table L.1 Measurement of repeatability test
Diameter of the test Frescribed plastic Percentage FPercentage
. Tensile strength  |Lower yield strength . elongation after :
Series No plece = R. extension strength fracture reduction of area
d MPa MP3 R0z A .;E
mm MPa o Vo
1-1 10.00 767 450 450 22.5 50
1-2 10.00 767 448 449 21.0 50
1-3 10.00 771 452 453 50
1-4 10.00 769 452 452 50
1-5 10.01 763 448 450 52
1-6 10. 00 770 444 447 53
1-7 9.99 767 447 451 50
1-8 9.99 766 445 445 51
1-9 9.99 760 444 446 50
1-10 10.00 770 446 447 48
Mean value 767 447.6 449 50.4
E‘E"dard; gkl 3.399 2.989 2.667 1.350
Relative standard | z " p
aiadien 0.443% 0.668% 0.594% 2.679%

L.2 Estimation of the uncertainty of tensile strength

Mathematical model
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F""- S AP IR e | i 1
R — E'; t Lag )
o (Ra) = /1% (F ) 4 Ui (S) + threr (rep) + thrt (Rouv) el 1)
Wherein:
Rn — tensile strength;
F.n — maximum force;
S,  — original cross-sectional area;
rep — repeatability;
R — effects of tensile rate on tensile strength.

L.2.1 Estimation of class A relative standard uncertainty subitem u.(rep)

This example is used for estimating the uncertainty of measured mean values of the three test pieces, so
it shall be divided byv/3.

An b/
Hr,__-_'[l‘l'rp} —-—i -‘ﬂ*ﬂ' 443”% = () *}?ﬁgrﬂ TIRLILLL ---.......“...{ 1.4 )
"n."lll'a *-.,.?I.H

L.2.2 Estimation of class B relative standard uncertainty subitem u,(F,,) of maximum force F,,

(1) Relative standard uncertainty u..(F4) caused by the indication error of the dynamometric system of

testing machine

The indication error of level 1.0 tensile tesing machine is within £1.0%, k= +/3 considering the uniform

distribution, then:

1. 0%
J3

(2) Relative standard uncertainty u,e(F2>) of standard dynamometer

Verify the testing machine using standard dynamometer of level 0.3.Repeatability R =0.3%.It can be
regarded as the repeatability limit. The uncertainty of its relative standard is:

, R 0.3% _ K it L. B3
“:Hl{I:}_E,EE— 2 83 =(), 106 )
(3) Relative standard uncertainty u.(F3) caused by the Computer Data Acquisition System
Class B relative standard uncertainty introduced by the Computer Data Acquisition System is 0.2 X 107

UmI(FB}zﬂ-Z% ................................... {L.?}

(4) Relative standard uncertainty subitem u.g(F,) of maximum force

Akl SE BT BES =
u-rl{Fl} :[':.l 1—1? -:l,.r"rull sas Sads A RAB RN BEE SRS { 1_“ - )-

I.Emjllf'q,,_.,‘} == -.,rfufﬂt{F! ) T Hfr'['.F:;:' T H-:Iu] E;I:.'i:'
— /(0. 577 %) 4(0. 106 %) 4 (0.2%)% =0.620%  ssseerssserrennns( L, 8 )

L.2.3 Estimation of the class B relative standard uncertainty subitem u.(F,) of original
cross-sectional area S,

When estimating the original cross-sectional area, the measurement of each dimision shall be accurate
to within £0.5%.

- ]. -
-f.::'I i = T:.dd
4

= 07
u.ld) = . 222 —0.289%
V3

U (S,) =2« ugld) =2 X0. 289% =0. 578 %

L.2.4 Relative standard uncertainty subitem u,,(R,.) caused by the effects of tensile rate

According to the test, the maximum deviation of tensile strength within the variation range of tensile rate
Is 10 MPa, therefore the effects of tensile rate on tensile strength is within £5 MPa considering the
uniform distribution:
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w(Roy) = =2. 887
V8 e (L.9)
2,887 :

Um (Ruy) ==500==0.376%0 . (L.10)

Relative combined uncertainty of tensile strength (Table L.2)

Table L.2 Summary of the relative combined uncertainty subitem of tensile strength

standard uncertainty subitem

Source of uncertainty

Relative standard uncertainty

Urel(rep) Measurement repeatability 0.256%

Urel{ Fin) Maximum force 0.620%

Urel(So) original cross-sectional area of 0.578%
test piece

Urel( Riny) Tensile rate 0.376%

H.,_.,._.j{Rm) =/ Hrﬂ(fEP) -+ Hrti(Fm) -t u‘}'ﬂ(Sn) “-‘:* HE_E:RJ
=+/(0. 256 %)* + (0. 620%) 7+ (0. 578 %)7 + (0. 376 % )* =0. 962 %

L.2.6 Relative expanded uncertainty of tensile strength
Take coverage probability force p=95%, wherein k=2

L AR PR s s s SRR S S (L.12)
Urell Rm)=2 X 0.962%=1.9% «cerrreeeeeee e e (L.13)
L.3 Estimation of the uncertainty of lower yield strength
- Fa
Mathematical model ~  S.

U (R) =gy (Fo.) + 4oy (S,) + ury (rep) + uty (Roay)

Wherein:
ReL — lower yield strength:;

Fe.— lower yield force;

S, — original cross-sectional area;

rep — repeatability;

Rey — effects of tensile rate on lower yield strength.
L. 3.

This example is used for estimating the uncertainty of measured mean values of the three test pieces, so
it shall be divided by+/3 .

Estimation of class A relative standard uncertainty subitem u.(rep)

0
g (rep) = = = %ﬁ =), 386 %
“’,37 ﬁ ................................................ (L.."15)
L.3.2 Estimation of class B relative standard uncertainty subitem u,.(F¢.) of lower yield force
FEL

Estimation of class B relative standard uncertainty subitem u..(Fe_) Of lower yield force Fg Is the same
as the estimation of class B relative standard uncertainty subitem u.(F,) fo maximum force F,, (see
L.2.2 for estimation process).
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un (Fo) =i (Fy) | 15 (F2) + uia(F3) =0.620%

L.3.3
cross-sectional area S,

B SRR S

Estimation of the class B relative standard uncertainty subitem u.(F,) of original

The uncetrtainty of original cross-sectional area is the same as that ot L.2.3.

L.3.4
tensile rate

Urel(So)=0.578% ............

Estimation of relative standard uncertainty subitem u,,(R.) caused by the effects of

According to the test, the maximum deviation of lower yield strength within the variation range of tensile
rate is 10MPa, therefore the effects of tensile rate on lower yield strength is within £5MPa considering

the uniform distribution:

-
u(R.y) = TJT — 2. 88
S
2. B8T
e (Roy ) »= 447. 6

L.3.5 Relative combined uncertainty of lower yield strength

See Table L.3 for summary of relative standard uncertainty subitem of lower yield strength

Table L.3 Summary of relative standard uncertainty subitem of lower yield strength
otandard uncertainty subitem source of uncertainty Relative standard uncertainty
Uel(rep) Measurement repeatability 0.386%

Urel( Fer) Lower yield force 0.620%

Urel(So) original cross-sectional area of 0.578%
test piece
Urel( ReLy) Tensile rate 0.645%

e oy, T S——

i LI Jo= ",/E:':‘,.T(_rt:*;‘.l_} + uly ( F,)+uyg(5,) —huiq “é,w )

— /(0. 386 %)+ (0. 62073)7 F (0. 578%)"

+(0.645%)* =1.133%

........ (L.20)
L.3.6 Relative expanded uncertainty of lower yield strength
Take coverage probability force p=95%, wherein k=2
elative expanoed UNCe ANty oo i i e S e T i Urel( ReL )=K X Ugrei( Rer )
i R 1= 2 T o S M s s R R Py T B A B e S i (L.22)
L.4 Estimation of the uncertainty of prescribed plastic extension strength
Mathematical model
K,
g
_— . R 7
et (R,) =/t (F) 4+ upa (S,) + s (rep) + U (Rpv) (L.23)

Wherein:

R, — prescribed plastic extension strength;
R, — prescribed plastic extension force;

30
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S, — original cross-sectional area;

rep — repeatability;

Ry— effects of tensile rate on prescribed plastic extension strength.

L.4.1 Estimation of class A relative standard uncertainty subitem u.q(rep)

This example is used for estimating the uncertainty of measured mean values of the three test pieces, so

it shall be divided by+/3.

Um(rep) =— =—""—"=0.343%

V3 " . O — (L.24)
L.4.2 Estimation of class B relative standard uncertainty subitem u.(F,) of prescribed plastic
extension force F
Prescribed plastic extension force is calculated as the following: on the force-extension curve, draw a
line parallel to the linear portion of the curve and at a distance from it equivalent to the plastic percentage
extension of 0.2%.The point at which this line intersects the curve gives the force corresponding to the
prescribed plastic extension strength.
Unable to get the mathematical expression of force-extension curve, therefore, we cannot determine

accurately the relation between the relative standard uncertainty u.( 2 Le) of extensometer
measurement strain and the relative standard uncertainty u..(Fe) of force value.To get the approximate
relationship between them, draw a tangent of the curve through the intersection point and the

intersection angle with abscissa Is a.The approximate relationship between the relative standard
uncertainty u.(/\Le) of extensometer measurement strain and the relative standard uncertainty u,e(Fe)
of force value caused by extensometer meet the following expression:

UTE|{FE}=1I'EHEI‘UFEI{-&LE] .................................................................... (L25}
The reltative deviation of level 1 extensometer is within 1% considering the uniform distribution.
a
Hug(ﬂL.,) =M = (). 5?7%
Then 2SR (L.26)
‘ . : : i tana = é—E ; .
In actual operation, angle a is related to the proportion of coordinate axis, AL , which is
AF
intersection point AL % in this example.
H,H(F,) =‘ﬂ_F . H“l(ﬂfq) ~ (
Then AL

Fy) 4w (F,) =0. 620"
W(F) Fug(F) =0.620% (L.27)

L.4.3 Estimation of the class B relative standard uncertainty subitem u.(F,) of original
cross-sectional area S,
The uncetrtainty of original cross-sectional area Is the same as that ot L.2.3:

Ui o D T 00 sk o B S P B R B (L.28)
L.4.4  Estimation of relative standard uncertainty subitem u.(Ry,,) caused by the effects of
tensile rate
According to the test, the maximum deviation of prescribed plastic extension strength within the variation
range of tensile rate is 10 MPa, therefore the effects of tensile rate on prescribed plastic extension
strength is within 5 MPa considering the uniform distribution:

5
u(R ) =— =2, 887
R (L.29)
2. 887
Ry) =——=0. 643"
U (Rev) ==103 o43% (L.30)

L.4.5 Relative combined uncertainty of prescribed plastic extension strength (Table L.4)

Table L.4 Summary of the relative combined uncertainty subitem of prescribed plastic
extension strength

Standard uncertainty subitem | Source of uncertainty Relative standard uncertainty
Ue(rep) Measurement repeatability 0.343%
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Table L.4 (continued)

Standard uncertainty subitem | Source of uncertainty Relative standard uncertainty
Urel(Fp) prescribed plastic extension force 0.620%
Ureil(So) original cross-sectional area of 0.578%
test piece
Urel Rpy) Tensile rate 0.643%

Relative combined uncertainty:
Mo (R“‘} — "'If;rte' {l\ 1:;1 ) + uirl {Sn} 1 IH:::-lsl (TEU} + H;r! (Ha_-,’,-' )

— /(0. 343% ) 4 (0. 620%)* +(0.578%)* 4+ (0. 643%)* =1.12%

.............. (L.31)
L.4.6 Relative expanded uncertainty of prescribed plastic extension strength
Take coverage probability force p=95%, wherein k=2
Relative expanded uncertainty ..o Urel(Rp)=K X Ugrel(Rp)=2 X 1.12%=2.2%
L.5 Estimation of the uncertainty of percentage elongation after fracture
Mathematical model
2 La—Ls
5 (L.3:3)

Wherein:

A — Percentage elongation after fracture;

L, — the original gauge length:

L, — the final gauge length after fracture.

The measurement of elongation after fracture (L,—L,) shall be accurate to within 0.25mm.The formula
IS expressed as the following when estimating the meansurement uncertainty:

L.—L, AL
A== e
l.. T — (L.34)
AL and L, are not related to each other, then:
teret (A) = /147 (L) + uza (AL) + ura (rep) +-uCot) (L.35)

L.5.1 Estimation of class A relative standard uncertainty subitem u.q(rep)
This example Is used for estimating the uncertainty of measured mean values of the three test pieces, so

it shall be divided byv'3
s  2.264%

. (rep) = — ==
J3

—1. 307 %
N (L.36)

L.5.2 Estimation of class B relative standard uncertainty subitem u.(L,) of original gauge
length

Accordint to the standard specification, the original gauge length L, shall be accurate to within

+1%.k=V3 considering the uniform distribution, then:
1%

Hrh{Lﬂ) . -: ,._{J. 5??5-"’;

£ T (L.37)

L.5.3 Estimation of class B relative standard uncertainty subitem u.,(/AL) of elongation after

fracture
The measurement of (L,—L,) shall be accurate to within £0.25mm. The average elongation of this test is

10.975mm, k=3 considering the uniform distribution, then:

D

(L.32)
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— 020 _1.315%
10,975 X3 (L.38)

L.5.4 Relative standard uncertainty subitem u,(off) caused by rounding off

U e (ﬂlL} —

The rounding off interval of percentage elongation after fracture iIs 0.5%.Considering the uniform
distribution, relative standard uncertainty subitem caused by rounding off is:

0
. (off) = ——M =0, 658 %
2003 «21.95% (L.39)

L.5.5 Relative combined uncertainty of percentage elongation after fracture (Table L.5)

Table L.5 Summary of the standard uncertainty subitem of percentage elongation after fracture

Standard uncertainty Source of uncertainty Relative standard Mean value
subitem uncertainty
Urel(rep) Measurement 1.307% 21.95%

repeatability
Urel(Lo) Original gauge length of 0.577% L. =E0mm
test piece

Urer( AL Elongation after fracture 1.315% AL=10 975mm
Urel( OFF) Rounding off 0.658%

Relative combined uncertainty:

ucrﬂ(-ﬁ} — &f U rel (Lﬂ-) - Hhi(ﬁa) -+ Hm1{I'E'I]} + Hml(ﬂff}

......................... (L.40)
=/(0.577%)*+(1.315%)% + (1. 307 %)* +(0. 658 %)*
=2.05%
L.5.6 Relative expanded uncertainty of percentage elongation after fracture
Take coverage probability force p=95%, wherein k=2
Urel(A)=K X Ugrall(A)=2 X 2.05% =4 1% oottt ee e e e e v, (L.41)
L.6 Estimation of the uncertainty of percentage reduction of area
Mathematical model
7 _S.—8,
R T A L S B A O (L.42)

Wherein:

Z — percentage reduction of area;
S, — original cross-sectional area;
S, — minimum cross-sectional area after fracture.

In the formula, S, is not independent, but significantly related to S,.Consider the correlation coefficient as
1 between 5, and S,,.In accordance with the following expression:

e (L43)
u.(S,,S, )= '-S—"- u(S,) — s H(Sult
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u(Z) =/u:(5,,5.) + u (rep) + u (off)
L.6.1 Estimation of class A standard uncertainty subitem u(rep)

This example is used If_n‘._:_rr estimating the uncertainty of measured mean values of the three test pieces, so
it shall be divided byv 3

ul I‘E[J) — = L. =0, 779 %
3 .
\ V3 (L.44)

L.6.2 Estimation of standard uncertainty subitem u(S,) of original cross-sectional area
The measurement of each dimision shall be accurate to within £0.5%.
1 g

- de'
Nominal diameter of test piece: d=10mm, S,= 4  =78.54mm".

. 0.5% \ 7
u..(d) =—"—=0. 289 %

J3
Llr.5|{8.|:|)=2'Urgl(d)=0.5?8n-‘%
u(S,)=78.54 X 0.578%=0.454mm?

-y

1

L.6.3  Estimation of standard uncertainty subitem u(S,) of cross-sectional area after fracture

Determination of minimum cross-sectional area after fracture in this standard shall be accurate to £2%
considering the uniform distribution:

A A
U (S,) =="==1.155 %
Ve, (L.45)

Accrording to the calculation, the average cross-sectional area at minimum diameter of necking after
fracture Is Su=12-‘18,9t‘£‘:rn'|n1E

U(Sy)=-38.96 X 1.155%=0.450MMM" ......cooireeeeeeeeeeeeeeeeeeeeee e eere e eee e, (L.46)

L.6.4  Relative standard uncertainty subitem caused by rounding off

According to the specification of Article 22 of this part, the rounding off interval of percentage reduction of
area Is 1%, considering the uniform distribution, standard uncertainty subitem caused by rounding off is:

1%

= 0. 289 %
?. "4.,':1

u(ofl) =

L.6.5 Relative combined uncertainty of percentage reduction of area

See Table L.6 for the summary of standard uncertainty subitem of percentage reduction of area.

Table L.6 Summary of standard uncertainty subitem of percentage reduction of area

Standard uncertainty Source of uncertainty Standard uncertainty Mean value
subitem | | |

u(rep) Measurement 0.758% 7=50.4%
repeatability

u(Sy) Cross-sectional area 0.457mm’ S. =38.96mm?
after fracture

u(So) original cross-sectional 0.454mm?® & —7H B2

| area of test piece
u(off) Rounding off 0.289%
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S, 1
8 (D95, ) = -S-i'- u(S,) —E . H(S.,)I
_ | 38.96 - 0.457( _ :
"5’3-5*1’}“3"‘1’5ﬂ 78,54|0-298% (L.48)

u (Z) =/u:(S,,S,) + u’ (rep) + u’ (off)
=.,/(0.298%)% -+ (0. 758 %)+ (0. 289 % )% =0. 861% (L.49)

L.6.6 Relative expanded uncertainty of percentage reduction of area

Take coverage probability force p=95%, wherein k=2
Relative 8xpanted: UNCEFIRIRINE - oot o S R R S U(Z)=KXu.(£)=2X0.861%=1.7% (L.50)

Uei(£)=3.4%
L.7 Summary of relative expanded uncertainty

See Table L.7 for summary of relative expanded uncertainty.

Table L.7 Summary of relative expanded uncertainty

Tensile strength |Lower yield strength| Prescribed plastic Percentage percentage
Urel(Rim) U,ei(ReL) extension strength | elongation after reduction of area
Urel(Rp) fracture Urel(Z)
UTE|{A]
1.9% 2.3% 2.2% 4.1% 3.4%
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Annex M
(Informative)
Precision of tensile testing — Results from interlaboratory programmes

M. 1 Interlaboratory scatter

An indication of the typical scatter in tensile test results for a variety of materials that have been
reported during laboratory intercomparison exercises, which include both material scatter and
measurement uncertainty, are shown in Tables M.1 to M4.Graphic presentation of the values in
Tables M.1 to M.4 is given in Figures M.1 to M.4.The results for the reproducibility are expressed as
percentages calculated by multiplying by 2 the standard deviation of the respective parameter, e.g R,
R, and A, and dividing the result by the mean value of the parameter.Thereby giving values of
reproducibility which represent the 95 % confidence level in accordance with GUM, and which may
be directly compared with the expanded uncertainty values calculated by alternative methods.

Table M.1 Yield strengths (0.2% prescribed plastic extension strength or upper yield strengths)
- Reproducibility from laboratory intercomparison exercises

Yield Reproducilib
Material Code strength Ity Bibliography
MPa Yo
Alumininm plate AASTH4 105.7 3. (4]
AA5182-0 126.4 1.9 [9]
AAB016-T4 127.2 2.2 [9]
EC-H 19 158.4 4.1 (6]
2024-T 351 362.9 3.0 [6]
steel
sheet DX56 162.0 4.6 (4]
Low carbon steel plate HR3 228.6 8.2 [7]
sheet ZStE 180 267.1 9.9 (4]
AlSI 105 P245GH 367.4 2.0 [7]
C22 402 .4 4.9 (6]
plate S355 427.6 6.1 (4]
Austenitic stainless steel
S59316L 230.7 6.9 (4]
X2CrNi18-10 303.8 6.5 [7]
AlS| 316 X2CrNiMo18-10 353.3 Fats [7]
Martensitic stainless steel | X5CrNiMo17-12-2 480.1 8.1 (6]
High strength steel A1Z20L13 967.5 3.2 6]
30NICrMo16 1039.9 2.0 [7]
Nickel alloy
INCONEL 600 NICr15Fe8 268.3 4.4 (6]
Nimonic 75 (BCR-661) 298.1 4.0 (8]
Nimonic 75 (BCR-661) 302.1 3.6 (4]

b
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10

2 N & o 00

Notes:

Ren — upper yield strength;

Ry— plastic extension strength;

Ryr — reproducibility
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R,/ MPa
Reai/ MPa

Figure M.1 Graphic presentation of the values given in Table M.1

Table M.2 Tensile strength R,,, — Reproducibility from laboratory intercomparison exercises

Tensile | Reproducilibit
Material Code strength y Bibliography
MPa %
AAST54 212.3 4.7 (4]
AAS182-0 A 1.4 [5]
Alumininm plate AAB016-T4 228.3 1.8 [5]
EC-H 19 176.9 4.9 [6]
2024-T 351 491.3 w0 6]
steel |
sheet DX56 011 2.0 (4]
Low carbon steel plate HR3 135 9 2.0 [7]
sheet ZStE 180 315.3 4.2 [4]
Al 19 Fe510C 552.4 g-g ﬂ
. 6
C22 596.9
piate 355 564.9 - 5
Austenitic stainless steel SS3161 568 7 4 1 4]
X2CrNi18-10 504 0 3.0 [7]
X2CrNiMo18-10 622 5 3.0 [7]
Martensitic stainless steel
High strength steel ;{Sﬁgﬁ @ 1253.0 1.3 [6]
Nickel alloy
INCONEL 600 NICr15Fe8 695.9 L4 6]
Nimonic 75 (BCR-661) 749.6 1.9 [8]
Nimonic 75 (BCR-661) 754.2 L3 (4]
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Notes:
R — tensile strength;
Rpr — reproducibility.

1 000

1 500
R./MPa

Figure M.2 Graphic presentation of the values given in Table M.2

Table M.3 Percentage elongation after fracture — Reproducibility from laboratory
intercomparison exercises

Z?;ﬁ:’;tt?c?ne Reproducilibit
. ,.:_-_'|_ . .
Material Code i femrirare E‘; Bibliography
% :
Alumininm plate AAST54 27.9 1.3 [4]
AA5182-0 26.6(Asomm) 10.6 [5]
EC-H 19 14.6 0.1 [6]
2024-T 351 18.0 18.9 (6]
steel
sheet DX56 45.2 12.4 4]
Low carbon steel plate HR3 38.4 138 [7]
sheet ZstE 180 40.5 12.7 [4]
AlSI 105 Fe510C 31.4 14.0 [7]
222 25.6 10. 1 6]
plate 5305 28.5 17.F 4]
Austenitic stainless steel SS316L 60.1 27.6 (4]
Austenitic stainless steel X2CrNi18-10 A FLAs 12.6 /]
Austenitic stainless steel X2CrNiMo18-10 EE 12.7 [7]
AlS| 316 X5CrNiMo17-12-2 35.9 14.9 6]
Martensitic stainless steel | X12Cr13 12.4 15D (6]
High strength steel 30NICrMo16 16.7 13.3 [7]
Nickel alloy
INCONEL 600 NiCr15Fe8 41.6 77 6]
Nimonic 75 (BCR-661) 41.0 s 8]
Nimonic 75 | (BCR-661) 41.0 5.9 4]

=

The reproducibility is expressed as a percentage of the respective mean value of A for the given

material; thus for 2024-T351 alumnium alloy, the absolute value of Ais (18.0£3.4)%.

o8
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A Percentage elongation after fracture;

Ror — reproducibility.

Figure M.3 Graphic presentation of the values given in Table M.3
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Table M.4 Percentage reduction of area £ — Reproducibility from laboratory intercomparison

=

exercises
percentage
Material Code reductlng of area REDI‘Ddﬂ?GI“bIt}* Bibliography
O
%

Aluminium EC-H 19 79.1 0. [6]

2024-T 351 30.3 ’o 6]
steel
Low carbon steel plate |[HR3
AlSI 105 Fe510C 71.4 2.7 [7]

(22 65.6 3.8 [6]
Austenitic stainless x2CrNi18-10
steel
Austenitic stainless  |y>CrNiMo18-10 77.9 5.6 7]
steel
AlS| 316 X5CrNiMo17-12-2 71.5 4.5 [6]
Martensitic stainless X19Cr13 50 5 15 @b 6]
steel
High strength steel 30NiICrMo16 65.6 3.2 (7]
Nickel alloy
INCONEL 600 NiCr15Fe8 9.3 2.4 [6]
Nimonic 75 (BCR-661) 99.0 8.8 [8]

The reproducibility is expressed as a percentage of the respective mean value of Z for the given
material; thus for 2024-T351 alumnium alloy, the absolute value of Z is (30.3£7.2)%.

Some of the values of reproducibility may appear to be relatively high; such values probably indicate
the difficulty of reliably measuring the dimensions of the test piece in the necked region of the

fracture.For thin sheet test pieces the uncertainty of measurement of the thickness of the test piece
may be large.Likewise the measurement of the diameter or thickness of the test piece in the necked
region is highly dependent upon the skill and experience of the operator.
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Notes:
Ror  — reproducibility;
g — percentage reduction of area.

Figure M.4 Graphic presentation of the values given in Table M.4
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