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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

nonfgovernmentat, In_fiaison with 150, also take part In the Work. SO collaborates close
Intefnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

y with the

Intefnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The

main task of technical committees is to prepare International Standards. Draft-Internationa

Standards

adopted by the technical committees are circulated to the member bodies for\voting. Publication as an

Intefnational Standard requires approval by at least 75 % of the member bodies'casting a vote.

Atte
righ

ISO

reinforcement and prestressing of concrete.

Thig

revised.

ISO

of cpncrete — Test methods:

ntion is drawn to the possibility that some of the elements of this document may be the subje
s. ISO shall not be held responsible for identifying any or all such patent rights.

15630-1 was prepared by Technical Committee ISO/TC 17,5Steel, Subcommittee SC 16, Sf
second edition cancels and replaces the first edition (ISO 15630-1:2002), which has been

15630 consists of the following parts, under thé general title Steel for the reinforcement and |

Part 1: Reinforcing bars, wire rod and-wire
Part 2: Welded fabric

Part 3: Prestressing steel

ct of patent

eels for the

technically

brestressing
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Introduction

The aim of ISO 15630 is to provide all relevant test methods for reinforcing and prestressing steels in one
standard. In that context, the existing International Standards for testing these products have been revised
and updated. Some further test methods have been added.

Reference Lﬂ_l_l_l_l_mﬁ_ﬂw_l_l—t_l_l—l_fh—l_s made 1o International Standards on the testing of metals, In general, as they are applicgble.
Complementary provisions have been given if needed.

Vi © 1SO 2010 — All rights reserved
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INTERNATIONAL STANDARD ISO 15630-1:2010(E)

Steel for the reinforcement and prestressing of concrete — Test
methods —

Part 1:
Reinforcing bars, wire rod and wire

1 |Scope

Thig part of ISO 15630 specifies test methods applicable to reinforcing bars, wire rod and wire for qoncrete.

2 |Normative references

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

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

ISO|7500-1, Metallic materials — Verification’ of static uniaxial testing machines— Part1:
Tenlsion/compression testing machines — Verification and calibration of the force-measuring system

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

3 |Symbols

Thelsymbols used in this partof ISO 15630 are given in Table 1.

Table 1 — Symbols

Symbol Unit Description Reflerence
a’ mm Height of longitudinal rib 10.3.2, 11.3
am mm Rib height at the mid-point or indentation depth in the centre 10.3.112, 11.3.2,

1m.4.2
Amax’ mm Maximum height of transverse rib or maximum indentation depth 10.3.1.1
as ; mm Average height of a portion i of a rib subdivided into p parts of length A/, 11.3.1,11.41
or average depth of a portion i of an indentation subdivided into p parts of
width Ab
a4 mm Rib height at the quarter-point or indentation depth at the quarter of their| 10.3.1.2, 11.3.2,
width 11.4.2
asys mm Rib height at the three-quarters point or indentation depth at the three-| 10.3.1.2,11.3.2,
quarters of their width 11.4.2
A % Percentage elongation after fracture 51,53
Ag % Percentage non-proportional elongation at maximum force (F,) 5.3

© 1SO 2010 — All rights reserved 1
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Table 1 (continued)

Symbol Unit Description Reference
Agt % Percentage total elongation at maximum force (F,) Clause 5
b mm Width of transversal rib at the mid-point or width of indentation 10.3.8
c mm Transverse rib or indentation spacing 10.3.3, 11.3
d mm Nominal diameter of the bar, wire rod or wire 5.3,82,84.7,11.3
D mm Diameter of the mandrel of the bending device in the bend or rebend test 6.3,7.3.2
e mm Average gap between two adjacent rib or indentation rows T0.35
f Hz Frequency of force cycles in the fatigue test 8.1,843
e — Relative indentation area Clause 11
R — Relative rib area Clause 11
Fr, N Maximum force in the tensile test 5.3
Fp mm?2 Area of the longitudinal section of one indentation 11.4.1
F, N Force range in the axial force fatigue test 8.1,8.3,8.4.2,8/4.3
Fr mm?2 Area of the longitudinal section of one rib 11.3.1
Fup N Upper force in the axial force fatigue test 8.1,8.3,84.2,8/4.3
[ mm Length of the transverse rib at the rib-core interface Figure 6
n,m,q,p — Quantities used in formulae defining fr, fp, Fr and\Fp 11.3,11.4
P mm Pitch for cold-twisted bars 10.3.4, 11.3
74 mm Distance between the grips and the»;gauge length for the manual 5.3
measurement of 4y
rp mm Distance between the fracture “and the gauge length for the manual 5.3
measurement of 44
ReH MPa Upper yield strength 5.3
R MPa Tensile strength 5.3
Rpo,2 MPa 0,2 % proof strength, non-proportional extension 52,53
Sh mm? Nominal cr@ss-sectional area of the bar, rod or wire rod 8.4.2
a ° Transyerse’rib flank inclination 10.3.7
g ° Angle/between the axis of a transverse rib or indentation and the bar, 10.3.6, 11.3
wife rod or wire axis
¥ ° Angle of bend in the bend or rebend test 6.3, 7.3.1 (Figurd 4),
7.3.2
Al mm Incrimental part of the length of the transverse rib at the rib-core Figure 6
) ° Angle of rebend in the rebend test 7.3.1 (Figure 4),
7.3.4
A — Empirical factor in empirical formulae of fg and fp 11.3.2,11.4.2
20, MPa Stress range in the axial force fatigue test 8.4.2
Omax MPa Maximum stress in the axial force fatigue test 8.4.2
Zei mm Part of the circumference without indentation or rib 10.31.51, 11.3.2,
4.2

NOTE

1 MPa = 1 N/mmZ.

a

In some product standards, the symbol % is also used for this parameter.
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ISO 15630-1:2010(E)

General provisions concerning test pieces

Unless otherwise agreed or specified in the product standard, the test piece shall be taken from the bar, wire

rod

or wire in the as-delivered condition.

In the case of a test piece taken from coil, the test piece shall be straightened prior to any tests by a bend
operation with a minimum amount of plastic deformation.

NOTE The straightness of the test piece is critical for the tensile test and the fatigue test.

Th

oo

For[the determination of the mechanical properties in the tensile test and the fatigue test, the, tes
be 3rtificially aged (after straightening if applicable), depending on the requirements of the product

If tHe product standard does not specify the ageing treatment, the following conditions should
healing the test piece to 100 °C, maintaining at this temperature 10 °C for a péfied of 1 h +2)5m
cooling in still air to ambient temperature.

If a

n ageing treatment is applied to the test piece, the conditions of the ageirg treatment shall be g

test|report.

5

5.1

Tensile test

Test piece

In addition to the general provisions given in Clause 4, the free length of the test piece shall be s

the

Hetermination of the percentage elongations in accordance with 5.3.

If the percentage elongation after fracture:(4) is determined manually, the test piece shall be
accprdance with ISO 6892-1.

If the percentage total elongation at maximum force (4) is determined by the manual method,

ma

rks shall be made on the frée)length of the test piece (see ISO 6892-1). The distance betweel

shall be 20 mm, 10 mm or 5 mm, depending on the test piece diameter.

5.2| Test equipment

The

clags 1.

If a
for

edetermination of 4y, a class 2 extensometer (see ISO 9513) can be used.

[ piece may
standard.

be applied:
in and then

tated in the

ufficient for

marked in

equidistant
h the marks

testing machine shall be verified and calibrated in accordance with ISO 7500-1 and shall bg at least of

on of Ry o;

;Fextensometer is used, it shall be of class 1 in accordance with 1ISO 9513 for the determinat

Any extensometer used for the determination of the percentage total elongation at maximum force (Agt) shall
have a gauge length of at least 100 mm. The gauge length shall be indicated in the test report.

1)

and

For routine tests conducted by the reinforcing steel producers, the test information, including the test piece condition

method of straightening, should be contained within internal documentation.

© 1SO 2010 — All rights reserved
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5.3 Test

1:2010(E)

procedure

The tensile test shall be carried out in accordance with ISO 6892-1. For the determination of R, ,, if the
straight portion of the force-extension diagram is limited or not clearly defined, one of the foIIowmg methods
shall be applied:

the procedure recommended in ISO 6892-1;

corresponding to 0,2F,, and 0,5F .

In case of d

The test ma
of the modd

For the cal
unless othe)

Where frac

greater), th¢ test may be considered as invalid.

For the det¢rmination of percentage elongation after fracture (4), the original'gauge length shall be 5 timeg

nominal dig
be determir

For the det
with the foll

|fA

formul< :

Agt

where Ag is

The measu
length of 10
is the grea
between th

In case of d

culation of tensile properties (Rgy or Ry o, R
rwise specified in the relevant product standard

= lty + Ry /2000

le

ispute, the second procedure shall be applied.

y be considered invalid if the slope of this line differs by more than 10 % from the theoretical v
lus of elasticity.

m), the nominal cross-sectional area shall be u

ure occurs in the grips or at a distance from the grips less than 20“mm or d (whichever is

meter (d), unless otherwise specified in the relevant produét’'standard. In case of dispute, 4 s
ed manually.

prmination of the percentage total elongation at maximum force (Agt) ISO 6892-1 shall be apy
bwing modification:

5 determined by the manual method after-fracture, 4y shall be calculated from the follo

the percentage non-proportianal elongation at maximum force.

rement of 4, shall be_ made on the longer of the two broken parts of the test piece on a g4
0 mm, as close as pessible to the fracture but at a distance, r,, of at least 50 mm or 24 (which
r) away from the'fracture. This measurement may be considered as invalid if the distance
grips and the gaugde length is less than 20 mm or d (whichever is the greater). See Figure 1.

ispute, the.manual method shall apply.

a b

A
Y

Y

Y
A

the straight portion of the force-extension diagram shall be considered as the line joining the points

hlue

the
hall

lied

ving

(1)

uge
pver
1”1,

|l
“
L

BRI

1] _ XL

a

b

n ry

A
 J

Grip length.
Gauge length 100 mm.

Figure 1 — Measurement of Agt by the manual method
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6

6.1

The

6.2

ISO 15630-1:2010(E)

Bend test

Test piece

general provisions in Clause 4 apply.

Test equipment

6.2.1 A bending device, the principle of which is shown in Figure 2, shall be used.

NOT
pOsS

6.2.
see

Key|

6.3

The

parfjes involved.

For
+2 9

ible that the carrier rotates and the support or mandrel is locked.

P The bend test may also be carried out by using a device with supports and“a m
ISO 7438).

2

- o
7
K

3

D .
mandrel
Support
carrier
Figure 2 — Principle of a bending device
Test procedure
bend test shall.be carried out at a temperature between 10 °C and 35 °C, unless otherwise ag

testing.at a low temperature, if the agreement does not specify all the testing conditions, a
C-on. the agreed temperature should be applied. The test piece should be immersed in

E Figure 2 shows a configuration where the mandrel and support rotate and the carrier is lockgd. It is also

bndrel (e.g.

reed by the

deviation of
the cooling

me

ium for a sufficient time to ensure that the required temperature is reached throughout the te

bt piece (for

example, at least 10 min in a liquid medium or at least 30 min in a gaseous medium). The bend test should
start within 5 s from removal from the medium. The transfer device should be designed and used in such a
way that the temperature of the test piece is maintained within the temperature range.

The

test piece shall be bent over a mandrel.

The angle of bend () and the diameter of the mandrel (D) shall be in accordance with the relevant product
standard.

© 1SO 2010 — All rights reserved
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6.4 Interpretation of test results

The interpretation of the bend test shall be carried out in accordance with the requirements of the relevant
product standard.

If these requirements are not specified, the absence of cracks visible to a person with normal or corrected
vision is considered as evidence that the test piece withstood the bend test.

A superficial ductile tear may occur at the base of the ribs or indentations and is not considered to be a failure.
The tear may be considered superficial when the depth of the tear is not greater than the width of the tear.

7 Rebend test

7.1 Test|piece

The genera] provisions given in Clause 4 apply.
7.2 Test|lequipment

7.2.1 Bending device

A bending device as specified in 6.2 shall be used.

7.2.2 Rebending device

Rebending |can be performed on a bending device as shaown in Figure 2. An example of an alternative
rebending device is shown in Figure 3.

>d

 J
A

Figure 3 — Example of a rebending device

7.3 Test procedure

7.3.1 General

The test procedure consists of three steps:
a) bending;

b) artificial ageing;

c) rebending.

6 © 1SO 2010 — All rights reserved
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The test procedure is illustrated in Figure 4.

Q

d_
Cc
O
b o L
— ——
o—/2 ./ 2
Key
1 mandrel
2 lestpiece
@ [Initial position.
b Position after operation described in 7.3.2.
¢ Position after operation described in 7.3.4.
Figure 4 — lllustration of the test procedure for rebend tests

7.3.2 Bending

Bending shall be performed at a temperature between 10 °C and 35 °C. The test piece shall be pent over a
mandrel.

Thelangle of bend (7 and diameter of mandrel (D) shall be in accordance with the relevant producf standard.

Thel test piece shall be earefully inspected for cracks and fissures visible to a person with normal ¢r corrected
vision.

7.3.3 Artificial ageing

Theltemperature and time of artificial ageing shall be in accordance with the relevant product standard.

If the(roduct standard does not specify any ageing treatment, the conditions specified in Clause # should be
applied:

7.3.4 Rebending

After free cooling in still air to a temperature between 10 °C and 35 °C, the test piece shall be bent back by a
specified angle (o) in accordance with the relevant product standard.

7.4 Interpretation of test results

The interpretation of the rebend test shall be carried out in accordance with the requirements of the relevant
product standard.

© 1SO 2010 — All rights reserved 7
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If these requirements are not specified, absence of cracks visible to a person with a normal or corrected vision
is considered as evidence that the test piece has withstood the rebend test.

A superficial ductile tear may occur at the base of the ribs or indentations and is not considered to be a failure.
The tear may be considered superficial when the depth of the tear is not greater than the width of the tear.

8 Axial force fatigue test

8.1 Principle of test

The axial fgrce fatigue test consists of submitting the test piece to an axial tensile force, which varies cyeli¢ally
according tp a sinusoidal wave-form of constant frequency f (see Figure 5) in the elastic range. The tept is
carried out juntil failure of the test piece or until reaching the number of force cycles specified in the releyant
product stapdard, without failure.

F A 1/f

A
 J

\

Key
F force
t time

Figure 5 — Force cycle diagram

8.2 Test|piece

The generdl provisions given in Clause 4 apply. For the straightening of the test piece, a production machine
may be used.

The surface of the free length between the grips shall not be subjected to any surface treatment of any kind.
The free length shall be at least 140 mm or 14d (whichever is the greater).

8.3 Test equipment
The fatigue-testing machine shall be calibrated in accordance with ISO 7500-1. The relative error of accuracy

shall be less than or equal to +1 %. The testing machine shall be capable of maintaining the upper force, Fups
within £2 % of the specified value, and the force range, F, within 4 % of the specified value.

8 © 1SO 2010 — All rights reserved
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8.4 Test procedure

8.4.1 Provisions concerning the test piece

The test piece shall be gripped in the test equipment in such a way that force is transmitted axially and free of
any bending moment along the test piece.

8.4.2 Upper force (Fup) and force range (F,)

The upper force (Fup) and the force range (F)) shall be as given in the relevant product standard.

NOTE F,, and F, can be deduced from the maximum stress (o,,,,) and the stress range (20,) given-it| the relevant
product standard as follows:

Fup = Omax " Sh (2)
F.=20,-5, (3)

whefe S, is the nominal cross-sectional area of the bar, wire rod or wire.

8.4.3 Stability of force and frequency
The| test shall be carried out under conditions of stable upper force (Fup), force range (F,) and frgquency (f).
Thefre shall be no planned interruptions in the cyclic loading throughout the test. However, it is pgrmissible to

continue a test which is accidentally interrupted. Any interruption shall be reported; an interrupted test may be
considered as invalid.

8.4.4 Counting of force cycles

Thel number of force cycles shall be counted inelusively from the first full force-range cycle.

8.4.6 Frequency

Thel| frequency of force cycles shall be stable during the test and also during a series of tests| It shall be
between 1 Hz and 200 Hz.

8.4.p Temperature

Thel temperature of the test piece shall not exceed 40 °C throughout the test. The temperature of the testing
labqratory shall be*between 10 °C and 35 °C, unless otherwise specified.

8.4.f Validity of the test

If fajlare occurs in the grips or within a distance of 24 of the grips, or initiates at an exceptional feature of the
test piece; the testmmay be consideredas mvatia:

9 Chemical analysis
In general, the chemical composition is determined by spectrometric methods.

In case of dispute about analytical methods, the chemical composition shall be determined by an appropriate
reference method specified in one of the relevant International Standards.

NOTE The list of the relevant International Standards for the determination of the chemical composition is given in
the Bibliography.

© 1SO 2010 — All rights reserved 9
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10 Measurement of the geometrical characteristics

10.1 Test

piece

The general provisions given in Clause 4 apply.

The length of the test piece shall be sufficient to allow the measurements in accordance with 10.3.

10.2 Test

equipment

The geomelrical characteristics shall be measured with an instrument of a resolution of at least the following:

0,01 m

less than or equal to 1 mm,;

0,02m
greater

0,05m
indents

0,5 mn
indents
of cold

one d¢
bar, wi

In cases of

10.3 Test

for the height of transverse or longitudinal ribs and depth of indentations for the measurem
m for the height of transverse or longitudinal ribs and depth of indentations forthe measurem
than 1 mm;

m for the gap between the transverse ribs or indentations of two cadjacent transverse ri
tion rows;

for the distance between transverse ribs or indentations when*determining the transverse ri
tion spacing (see 10.3.3) or for the distance between two cafresponding points of a longituding
twisted products when determining the pitch (see 10.3.4);

gree for the inclination between the transverse rib_ofdindentation and the longitudinal axis of
e rod or wire or the rib flank inclination.

dispute, conventional direct-reading instruments; e.g. callipers, depth gauges, shall be used.

procedure

10.3.1 HeiII
10.3.1.1

The maxim
least three
individual in

10.3.1.2 \

The height
mid-point of

hts of transverse ribs or depths of indentations

aximum value (a,,5,)

Um height of transverse-ribs or depth of indentations (a,,5,) shall be determined as the mean

ents

ents

bf at

measurements perrow of the maximum height of individual transverse ribs or maximum depth of

dentations not used for the identification of the bar, wire rod or wire.

falue at a'given position

of transSverse ribs or depth of indentations at a given position, e.g. at the quarter-point or at
at-the three-quarters p0|nt respectlvely designated a1/4, A and a4, shall be determined as

the
the

not

mean of ath

kb ot <l
IUGOL amncoce IIIUGOUIUIIIUIILO mruno PUOII.IUII Pl TUW UTT UIIIUIUIIl I.IC!IIOVGIDG IIUD UT III\JUII\.G\.IUII

used for the identification of the bar, wire rod or wire.

10.3.2 Height of longitudinal ribs (¢")

The height of longitudinal ribs (a”) shall be determined as the mean of at least three measurements of the
height of each longitudinal rib at three different positions.

10.3.3 Transverse rib or indentation spacing (¢)

The spacing of the transverse ribs or indentations (c¢) shall be determined from the measured length divided by

the number

10

of the rib gaps or protrusions between indentations included in it.
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The measured length is deemed to be the interval between the centre of a rib or indentation and t

-1:2010(E)

he centre of

another rib or indentation on the same row of the product determined in a straight line and parallel to the

longitudinal axis of the product. The measured length shall be
— atleast 10 rib gaps or protrusions between indentations, or

— one pitch length for cold-twisted products.

10.3.4 Pitch (P)

The-pitch (P\ faor coldbtwistad bare-cshall ha datarminad - as-the-mean of tha distances hatwaan-tbwo.
pPHeR+—1+o-co1a-tWiSte a—pats—SHat-pBe-aeteHRHR8 6aStHe- a0 Re-aistaR 68 5B etWe e R—tWoe

consecutive

corfesponding points of a longitudinal rib on the same longitudinal line, for each longitudinal rib,

10.3.5 Part of the circumference without ribs or indentations (Z¢))
The) part of the circumference without ribs or indentations (Ze,) shall be determined.asthe sum of

gap|(e) between each pair of two adjacent ribs or indentation rows. The average,gap (e) shall be
fronp at least three measurements.

10.3.6 Transverse rib or indentation angle (5)

The|transverse rib or indentation angle (/) to the longitudinal bar, wire rod or wire axis shall be de

he average
determined

termined as

the mean of the individual angles measured for each row of ribs orindentations with the same nominal angle.

10.3.7 Transverse rib flank inclination (o)

Each transverse rib flank inclination (&) shall be determined as the mean of the individual inclina
sanje side of the ribs, measured as indicated in Figure 6 on at least two different transverse ribs
usef for the identification of the bar, wire rod or wire.

ions on the
per row not

© 1SO 2010 — All rights reserved
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| |
A

ER-1 v

1k f

 J

12 Al

 J

]
Y

L —

NOTE  Section A-A is a flattened representation of a transverse rib.

Figure 6 — Determination of the rib flank inclination (o)
and determination of the area of the longitudinal section of one rib (Fy)

The transverse rib flank inclination (¢) shall be measured by determining the line of best fit between two points
on the slope, far enough apart to give a representation of the inclined angle, but avoiding the slope at the
extreme ends of the base and peak of the ribs, e.g. as shown in Figure 6.
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10.3.8 Width of transverse rib or width of indentation (5)

1:2010(E)

The width of transverse rib (b) shall be determined as the mean of three measurements on each row, at the
mid-point of the rib, made normal to the axis of the rib. Only ribs which are not used for identification shall be
considered.

The width of indentation (b) shall be determined as the mean of three measurements on each row made
parallel to the longitudinal axis of the bar, wire rod or wire along a line crossing the indentation at the surface

leve

| of the bar, wire rod or wire.

11

11.1 Introduction

The

The)
rein

In the case of ribbed or indented reinforcing steel, the bond behaviour can be determined
methods:

On
con

11.2

The
mes

11.3 Calculation of f

11.3

The)

forcing steel.

Determination of the relative rib or indentation area (fz or fp)

interaction between steel and concrete permits mutual force transfer.

main effect on bond is given by the shear bond caused by ribs or indentations on the su

measurement of the geometric characteristics of the ribs or indentations;
measurement of the interaction between the concrete-and reinforcing steel in a pull-out test or

he basis of the geometric data, a bond factor, called relative rib area (fg) or relative indentatior
puted.

Measurements

determination of the relative rib (orjindentation area (fz or fp) shall be carried out using th
surements of the geometrical characteristics made in accordance with Clause 10.

.1 Relative rib area

relative rib areanis defined by the following formula:

7ZFR11 Slnﬁl]

n om

face of the

by different

beam test.

area (fp) is

e results of

(4)

o Y

where

n is the number of rows of transverse ribs on the circumference;
m is the number of different transverse rib inclinations per row;

g is the number of longitudinal ribs for cold-twisted bars.

© 1SO 2010 — All rights reserved
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p
Fr :Z(aS’iAl) is the area of the longitudinal section of one rib (see Figure 6), where ag ; is the average

i=1

height of a portion i of a rib subdivided into p parts of length Al

The second summand applies only for cold-twisted bars and shall only be taken into account up to a value of

30 % of the

total value of f;.

11.3.2 Simplified formulae

Where the generatformutagiverrim -3 s ot strictty apptied by usingspeciatdevices, a simptifiedformula
may be used.
Examples df simplified formulae are as follows:
a) Trapezjum formula:

IR =14 +am+‘13/4)(nd_zei)4+lqa, (5)

4nde P

b) Simpsaon's rule formula:

SR=Haqy4+am +2a3,4)(nd = ) ¢;) +lqa' (6)

6ndc P
c) Parabgpla formula:
dam 1,

fR:T?%(nd_zei)'Fan (7)

d) Empirical formula:
a
fR = /’i_m (8)
C

where A is pn empirical factor, which may be shown to relate fz to a,,/c for a particular bar, wire rod or wire
profile.
The values jaq 4, a,, and agjy Shall be determined in accordance with 10.3.1.2.

D e, shall

pbe determined in accordance with 10.3.5.

11.3.3 Formula used for the calculation of /r

The formula used for the calculation of fg shall be in accordance with the product standard and be stated in
the test report.

14
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11.4 Calculation of fp

11.4.1 Relative indentation area
The relative indentation area is defined by the following formula:

foz zm 9)

nd = c;

In thisformula,u-isthe number of indentationrows

p
FpE Z(as,iAx) is the area of the longitudinal section of one indentation (see Figure 7), wherg a ; is the
i=1

avefage depth of a portion i of an indentation subdivided into p parts of length Ax.

B-B A

AN

A

A-A

A
Y

x/2
Ax

x/b L —

Y

A
 J

Figure 7 — Determination of the area of the longitudinal section of one indentation F

11.4.2 Simplified formulae

Where the general formula given in 11.4.1 is not strictly applied by using special devices, a simplified formula
may be used.

Examples of simplified formulae are as follows:
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(11)

a) Trapezium formula:
Jp =(aqg +am +ag;4)(nd —Zei)L
4ndc
b) Rectangular formula:
fp =(a14 +am Jf“3/4)(75a’—zei)L
' 3ndc
c) Parabdlatormuta:
2
Je 3rcdc( Zel)
d) Empiri¢al formula:
a
fo=4—-
C
where A1 is gn empirical factor, which may be shown to relate fp to a,,/c for a particular bar, wire rod or wire pr
The values a4, a,, and az, shall be determined in accordance with 10.3{1.2.
Zei shall be determined in accordance with 10.3.5.
11.4.3 Folmula used for the calculation of f
The formula used for the calculation of fp shall be in@ccordance with the product standard and be statg

the test rep

12 Deter

12.1 Test

The determ
shall have {

Variations i
taken into 3

12.2 Accl

Drt.

mination of deviation from nominal mass per metre

piece

ination of the deviation from nominal mass per metre shall be carried out on a test piece w
quare-cut ends.

n the rib/indentation profile related to the marking of the reinforcing bar, wire rod and wire ma
ccount to(fix'the length of the test piece.

racy 'of measurement

12)

13)

ofile.

d in

hich

y be

The length and the mass of the test piece shall be measured with an accuracy of at least £0,5 %.

12.3 Test

procedure

The percentage deviation from nominal mass per metre shall be determined from the difference between the
actual mass per metre of the test piece deduced from its mass and length and the nominal mass per metre as
given by the relevant product standard.

16
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