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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

The aim of ISO 15630 (all parts) is to provide all relevant test methods for reinforcing and prestressing
steels in one standard series.

This document covers standard test methods (see Clauses 5 to 12), as well as specialized test methods
(gathered in Clause 13) that are not commonly used in routine testing and that should only be
considered where relevant (or specified) in the applicable product standard.

Reference is made to International Standards on the testing of metals, in general, as they are applicable.
Complemefitary provisions iave been given if ieeded:

vi © IS0 2019 - All rights reserved
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Steel for the reinforcement and prestressing of concrete —
Test methods —

Part 1:
Reinforcing bars, rods and wire

1 (Scope

Thif document specifies chemical and mechanical test methods and measurement methods of
geometrical characteristics applicable to reinforcing bars, rods and wire for cofierete.

Thif document does not cover the sampling conditions that are dealt with in the product stahdards.

A list of options for agreement between the parties involved is providédyin Annex A.

2 |Normative references

The following documents are referred to in the text in such a way that some or all of their content
conktitutes requirements of this document. For datedreferences, only the edition cited gpplies. For
undated references, the latest edition of the referenced’document (including any amendmengs) applies.

ISO[ 4965-1, Metallic materials — Dynamic force. calibration for uniaxial fatigue testing|— Part 1:
Testing systems

[SO|4965-2, Metallic materials — Dynamic force calibration for uniaxial fatigue testing — Part[2: Dynamic
calipration device (DCD) instrumentation

[SO|6892-1, Metallic materials — Tensile testing — Part 1: Method of test at room temperature
[S0|6892-2, Metallic materials==~"Tensile testing — Part 2: Method of test at elevated temperatjire
1S0|6892-3, Metallic materjals — Tensile testing — Part 3: Method of test at low temperature

1S0|7500-1, Metallicmaterials — Calibration and verification of static uniaxial testing machinds — Part 1:
Tenkion/compression testing machines — Calibration and verification of the force-measuring sylstem

[SO|9513, Metallic materials — Calibration of extensometer systems used in uniaxial testing

[SO|16020,'Steel for the reinforcement and prestressing of concrete — Vocabulary

3 “Terms, definitions and Ssymbols
For the purposes of this document, the terms and definitions given in ISO 16020 apply.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

— IEC Electropedia: available at http://www.electropedia.org/

© IS0 2019 - All rights reserved 1


https://www.iso.org/obp/ui
http://www.electropedia.org/
https://standardsiso.com/api/?name=1df531cea48e84f6f17fec0f653dca93

ISO 15630-1:2019(E)

For the purposes of this document, the following symbols apply.

Symbol | Unit Description Reference
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 10.3.1.2, Figure 6,
11.3.2,11.4.1,11.4.2
Amax? mm |Maximum height of transverse rib or maximum indentation depth |10.3.1.1
s, mm |Average height of a portion i of a rib subdivided into p parts of Figure 6,11.3.1,11.4.1
length Al, or average depth of a portion i of an indentation subdivid-
edinto p parts oflength Ax
ai/4 mm |Rib height at the quarter-point or indentation depth at the quarter |10.3.1.2,11.3.2, .2
of their length Q)
az/4 mm |Rib height at the three-quarters point or indentation depth at the 10.3.1.2, 1. 2,114.2
three-quarters of their length A
A % |Percentage elongation after fracture %hv
Ag % |Percentage plastic extension at maximum force (Fp,) 5@
Agt % |Percentage total extension at maximum force (F,) ,.O Clause 5
Ay % |Percentage uniform elongation after fracture &\\O 53
b mm |Width of transverse rib at the mid-point or width ofindel}t’a@}l 10.3.8
c mm |Transverse rib or indentation spacing AOK Figure 6,10.3.3, 113
d mm |Nominal diameter of the bar, rod or wire \\( 5.3, Figure 3, 8.2,
s\\\} 8.4.7,11.3,11.4,
O, Table 1,13.3.4.8
D mm |Diameter of the mandrel of the bending devi@i‘;l the bend or reb- Figure 2, 6.3,7.3.2
end test S
e mm |Average gap between two adjacent rim‘hpmdentation rows 10.3.5, Figure 6,
\9 11.3.2, Figure 7
f Hz |Frequency of force cycles in the.axial force fatigue test 8.1,8.4.3, Table 1
fr — |Relative indentation area (-\\V Clause 11
/R — |Relative rib area o ,V Clause 11
Fm N [Maximum force in t‘he&é\nsile test 5.3
Fp mm? |Area of the longi@}{al section of one indentation 11.4.1
Fy N |Force range)&l@é axial force fatigue test 8.1,8.3,8.4.2, 8.4.3
Fr mm? |Area of t}@\{‘o‘l{gitudinal section of one rib Figure 6,11.3.1
Fup N Uppe}:@; in the axial force fatigue test 8.1,8.3,8.4.2,8.4.3
I mm L,e\n?fé of the transverse rib at the rib-core interface Figure 6
n,m,q,p — ,&\&ntities used in formulae defining fg, fp, Fr and Fp 11.3,11.4
P m@?‘}’itch for cold-twisted bars 10.3.4,11.3
ri Cﬁﬁ Distance between the grips and the gauge length for the manual 53
measurement of Agt
rp mm |Distance between the fracture and the gauge length for the manual |5.3
measurement of Agt
ReH MPa |Upper yield strength 5.3
Rm MPa |Tensile strength 53
Rpo,2 MPa |0,2 % proof strength, plastic extension 52,53
Sh mm?2 |Nominal cross-sectional area of the bar, rod or wire 8.4.2
b'¢ mm |Length of an indentation Figure 7

NOTE 1MPa=1N/mm2.

a  Insome product standards, the symbol h is also used for this parameter.

© ISO 2019 - All rights reserved
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Symbol | Unit Description Reference
a ° |Transverse rib flank inclination 10.3.7
B ° Angle between the axis of a transverse rib or indentation and the 10.3.1, 10.3.6, Fig-
bar, rod or wire axis ure 6,11.3,11.4
y ° |Angle of bend in the bend or rebend test 6.3, Figure 4, 7.3.2
Al mm |Incremental part of the length of the transverse rib at the rib-core |11.3.1, Figure 6
interface
Ax mm |Incremental part of the length of an indentation 1141
) ° Angle of rebend in the rebend test Figure 4, 7.3.4
A — |Empirical factor in empirical formulae of fr and fp 11.3.2, 104.2
— |Empirical factor in formula of fR for ribs of constant height 11.3.2
20, MPa |Stress range in the axial force fatigue test 814.2
Dmax MPa |Maximum stress in the axial force fatigue test 8.4.2
Ye; mm |Part of the circumference without indentation or rib 10.3.5,11.3.2,11.4.2
NOTE 1MPa=1N/mm?Z.
a  |In some product standards, the symbol h is also used for this parameter.
4 |General provisions concerning test pieces
Unlgss otherwise agreed or specified in the product standard; the test piece shall be taken frpm the bar,
rod|or wire in the as-delivered condition.
In the case of a test piece taken from a coil (rod or wife), the test piece shall be straightened prior to any
testling by a bend operation with a minimum amotint of plastic deformation.
NOTE1 The straightness of the test piece is critical for the tensile test at room temperature, the tgnsile test at
low[temperature, the axial force fatigue test and the cyclic inelastic load test.
Theg means of straightening the test pieeé (manual, machine) shall be indicated in the test report.
For| routine tests conducted by .the manufacturers of reinforcing steels, the test irjfformation,
including the test piece condifionn and method of straightening, should be described withiin internal
documentation.
For|the determinationof.the mechanical properties in the tensile test at room temperature,|the tensile
test at low temperature; the axial force fatigue test and the cyclic inelastic load test, the test piece may
be artificially aged(after straightening if applicable), depending on the requirements of the product
stamdard.
If apeing is\specified but the product standard does not specify the ageing treatment, the¢ following
confditions-should be applied: heating the test piece to 100 °C, maintaining at this temperature +10 °C
for p period between 60 min and 75 min and then cooling in still air to ambient temperature
NOTE 2 Depending on the conditions (number of test pieces, diameter of test pieces, type of heating device),

different heating times can be required for the test piece to reach the temperature of 100 °C. Unless otherwise
proven, a minimum heating time of 40 min can be assumed for the test pieces to reach the oven/bath operating
temperature.

If an ageing treatment is applied to the test piece, the conditions of the ageing treatment shall be stated
in the test report.

© IS0 2019 - All rights reserved
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5 Tensile test at room temperature

5.1 Test piece

In addition to the general provisions given in Clause 4, the free length of the test piece shall be sufficient
for the determination of the percentage elongation after fracture or the percentage total extension at
maximum force in accordance with 5.3.

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

If the pergentage total extension at maximum force (Agt) is determined by the manual metimd,
equidistant marks shall be made on the free length of the test piece (see ISO 6892-1). Thecdistgnce
between the marks shall be 20 mm, 10 mm or 5 mm, depending on the test piece diameter.

5.2 Testlequipment

The testing machine shall be verified and calibrated in accordance with ISO 7500-1\and shall be at l¢ast
of class 1.

If an extenjsometer is used, it shall be of class 1 in accordance with ISO 9513 for the determinatiop of
Rpo,2; for the determination of Agt, a class 2 extensometer (see ISO 9513) niay be used.

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

5.3 Testiprocedure

The tensild test shall be performed in accordance with@SO 6892-1. For the determination of Rpo,2, ifithe
straight pqdrtion of the force-extension diagram is limited or not clearly defined, one of the following
methods sIall be applied:

— the pr¢cedure recommended in [SO 6892:1;

— the strpight portion of the force-extension diagram shall be considered as the line joining the pojints
corresponding to 0,2Fy, and 0,5Fm,

Fm may be predefined as the.force corresponding to the nominal tensile strength given in|the
applicable product standatd:

For stginless steels, gther values than the ones mentioned above, applicable to carbon steels, may
be replaced by the @appropriate values given in the product standard or agreed between the parities
involved.

In case of dispute;the second procedure shall be applied.

The test m@tybe considered invalid if the slope of this line differs by more than 10 % from the theoretical
value of the modulus of elasticity.

For the calculation of tensile properties (Rey or Rpo,2, Rm), the nominal cross-sectional area shall be
used, unless otherwise specified in the relevant product standard.

Where fracture occurs in the grips or at a distance from the grips less than 20 mm or d (whichever is
the greater), the test may be considered as invalid.

For the determination of percentage elongation after fracture (4), the original gauge length shall be five
times the nominal diameter (d), unless otherwise specified in the relevant product standard. In case of
dispute, A shall be determined manually.

The percentage total extension at maximum force (Agt) shall be determined either by using an
extensometer or by the manual method described in this document.

4 © IS0 2019 - All rights reserved
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If Agt is measured by using an extensometer, ISO 6892-1 shall be applied with the following modification.
Agt shall be recorded before the force has dropped more than 0,2 % from its maximum value.

NOTE

This provision is aimed at avoiding different values with different methods (manual vs. extensometer).

Itis recognized that the use of extensometers tends to give on average a lower value of Agt than the one measured
manually.

If Agt is determined by the manual method after fracture, Agt shall be calculated from Formula (1):

Age =A +Rpy /2000

)

whg

For
the

The
twa
but
me?
less

In ¢

6.1
Thd

bre Ay is the percentage uniform elongation after fracture.

product standard or agreed between the parties involved.

measurement of A, shall be made, as the measurement of A (see ISO 6892-1), on the lo
fractured parts of the test piece on a gauge length of 100 mm, as close{as-possible to t
at a distance, ry, of at least 50 mm or 2d (whichever is the greater).away from the fra
lsurement may be considered as invalid if the distance, r1, between-+the grips and the gau
than 20 mm or d (whichever is the greater). See Figure 1.

pse of dispute, the manual method shall apply.
a b :

A

=
B

stainless steels, the value 2 000 in Formula (1) should be replaced by the appropriate value given in

hger of the
ne fracture
cture. This
be length is

A

’4—;>

%%%%%ﬁ;% ||||j i s

Grip length.

A
A

Gauge length 100 mm.

Figure 1 — Measurement of Ag¢ by the manual method

Bend test

Test piece

general provisions given in Clause 4 apply.
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6.2 Test

equipment

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

Key
1
2
3

mandrd

carrier

NOTE I
also possibl

6.2.2 Th
see ISO 741

6.3 Test

The bend t
by the part

For testing
the testing
should be i

isreached

a gaseous medium). The'bend test should start within 5 s from removal from the medium. The tran:Efer
1ld be designed and used in such a way that the temperature of the test piece is maintai

device sho
within the

supporf

2 3
& ol
( 1\//, — | /
N
9,

Figure 2 — Principle of a bending device

igure 2 shows a configuration where the mandrel andsupport rotate and the carrier is locked.
e that the carrier rotates and the support or mandrelislocked.

e bend test may also be performed by using a device with supports and a mandrel
8).

procedure

est shall be performed at a_temperature between 10 °C and 35 °C, unless otherwise agy
ies involved.

at a low temperature, if the agreement between the parties involved does not specify
conditions, a devidtion of 2 °C on the agreed temperature should be applied. The test p
mersed in the €opling medium for a sufficient time to ensure that the required temperat
throughout thetest piece (for example, at least 10 min in a liquid medium or atleast 30 m

temperature range.

The test pi

béeshall be bent over a mandrel.

Itis

e.g.

eed

r all
ece
ure

in

ed

In the case of hot-rolled threaded bars, the mandrel shall be placed on the longitudinal flat part of the

bar unless

otherwise stated in the product standard or agreed between the parties involved.

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

6.4 Interpretation of test results

The interpretation of the bend test shall be performed in accordance with the requirements of the
relevant product standard.
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If requirements are not specified in the relevant product standard, the absence of cracks visible to a
person with normal or corrected vision shall be 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
The

7.2

7.2
Ab

7.2

Reb
reb

7.3

7.3

Test piece

general provisions given in Clause 4 apply.
Test equipment

1 Bending device

ending device as specified in 6.2 shall be used.

2 Rebending device

ending can be performed on a bending device as shown in Figure 2. An example of an
bnding device is shown in Figure 3.

>d

 J
A

Figure 3 — Example of a rebending device

Test procedure

1_“General

hlternative

The test procedure consists of three steps:

a)
b)

c)

bending;
artificial ageing;

rebending.

The test procedure is illustrated in Figure 4.
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y I

Key

mandre
test pie|
Initial g

TN

1
ce

osition

PositioI after operation described in

c Positio

7.3.2 Be

Bending sh
a mandrel.
part of the

The angle
standard.

7.3.2
after operation described in 7.3.4

Figure 4 — Illustration of the test procedure for rebend tests

nding

all be performed at a temperature between 10 °C and 35 °C. The test piece shall be bent ¢
In the case of hot-rolled threaded lars, the mandrel shall be placed on the longitudinal
bar unless otherwise stated in the,product standard or agreed between the parties invol

The test piece shall be carefully inspected for cracks and fissures visible to a person with normg

corrected Y

7.3.3 Ar
The tempe

If the prod

rision.

Lificial ageing
rature andtime of artificial ageing shall be in accordance with the relevant product stand

uctistandard does not specify any ageing treatment, the conditions specified in Clauj

should be 4

ver
flat
red.

pf bend (y) and diameter of tmandrel (D) shall be in accordance with the relevant prodluct

I or

hrd.
e 4

pplied.

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 (6) in accordance with the relevant product standard.

7.4 Interpretation of test results

The interpretation of the rebend test results shall be performed 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 a normal or
corrected vision shall be considered as evidence that the test piece has withstood the rebend test.

8
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A superficial ductile tear may occur at the base of the ribs or indentations and shall not be 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 ax1a1 force fatlgue test con51sts of submlttlng the test plece to an axial tensﬂe force, wh1ch varies
: : e e : e range (see
failure, the

Figlire 5) The test is performed untll fallure of the test plece or untll reachmg, w1th0ut

nunhber of force cycles specified in the relevant product standard.
F A 1/f
ju
A
Y
t
Key
Fyp | upper value of F F  force
Fr | range of F per cycle t time
1/f| one cycle
Figure 5 — Force cycle diagram

8.2| Test piece
The generalprovisions given in Clause 4 apply. For the straightening of the test piece, a mdchine used
for thefabrication of reinforcing steels may be used.

£ £ £ 1 P T | + +1 . 111 1 1. + 1. £ + +
Th SUIl'ldtc UI'UIC ITCC ICIIZSUT DCULWCECIL LT g1T1PS SIIdITTIOU DC SUDJCLLCU LU dily SUul'ldlc LI Cdll 1ent 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 either ISO 4965-1 and 1SO 4965-2,
or ISO 7500-1. The relative error of accuracy shall be less than or equal to *1 %. The fatigue-testing
machine shall be capable of maintaining the upper force (Fyp) within +2 % of the specified value, and
the force range (Fy) within +4 % of the specified value.
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8.4 Test

procedure

8.4.1 Provisions concerning the test piece

The test piece shall be gripped in the fatigue-testing machine in such a way that force is transmitted

axially and

8.4.2 Up

free of any bending moment along the test piece.

per force (Fyp) and force range (Fy)

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

NOTE )
relevant prg

where S iS

8.4.3 Stg

The test s
frequency
However, i
shall be rej

844 Co

The numbd

8.4.5 Fr¢

The freque
identical te

8.4.6 Te

The tempe
testing lab

8.4.7 Va

fup and Fr- can be determined from the maximum stress (0max) and the stress range (20,) given-ix
duct standard as shown by Formulae (2) and (3):

[ max 'Sn

3 ‘S

a n

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

|bility of force and frequency

hall be performed under conditions of stable upper‘force (Fyp), force range (Fy)
(f). There shall be no planned interruptions in the cyclic loading throughout the f
F shall be permissible to continue a test which is aecidentally interrupted. Any interrup
ported; an interrupted test may be considered asinvalid.

unting of force cycles

r of force cycles shall be counted inclusively from the first full force-range cycle.

pquency

ncy of force cycles shall besstable during the test and also during a series of tests
sting conditions. The frequency shall be between 1 Hz and 200 Hz.

mperature

rature of the test piece shall not exceed 40 °C throughout the test. The temperature of
bratory shallbe between 10 °C and 35 °C, unless otherwise specified.

idity.of the test

the

(2)

(3)

and

est.

fion

vith

the

If failure o

ccuys in the grips or within a distance of 2d of the grips, or initiates at an exceptional feaf

ure

of the test pilece, the test may be considered as invalid.

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

appropriat

NOTE
given in the

10

e reference method specified in one of the relevant International Standards.

Bibliography.

A list of the relevant International Standards for the determination of the chemical composition is
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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

Thegeometrical charactertstics shatt be measured Wit am IMStrument of anm accuracy of at least the
follpwing:

— 10,01 mm for the height of transverse or longitudinal ribs and depth of indentatidns for the
measurements less than or equal to 1 mm;

— 10,02 mm for the height of transverse or longitudinal ribs and depthCof indentatidns for the
measurements greater than 1 mm;

— 10,05 mm for the gap between the transverse ribs or indentations@f;two adjacent transyerse rib or
indentation rows;

— 10,05 mm for the width of the transverse ribs or indentations;

— 10,5 mm for the distance between transverse ribs or indentations when determining theftransverse
rib or indentation spacing (see 10.3.3) or for the distahce between two corresponding|points of a
longitudinal rib of cold-twisted bars when determining the pitch (see 10.3.4);

— |one degree for the inclination between the transverse rib or indentation and the longitudinal axis of
the bar, rod or wire or the rib flank inclination.

In cpses of dispute, conventional direct-reading instruments, e.g. callipers, depth gauges, shdll be used.
103 Test procedure
10.8.1 Heights of transverse-ribs or depths of indentations

10.83.1.1 Maximum value (amax)

Thg maximum height'of transverse ribs or depth of indentations (amax) shall be determined gs the mean
valuie of the average maximum heights of transverse ribs or average maximum depths of irJdentations
for [the differeént'rows. This average maximum height or average maximum depth per rgw shall be
determinedfrom at least three measurements on individual transverse ribs or individual inldentations
notjused«for the identification of the bar, rod or wire.

If, in‘a’row, there are different transverse rib or indentation angles () to the longitudinal [bar, rod or
wire axis, at least three measurements on individual transverse ribs or individual indentations shall be
made per transverse rib or indentation angle.

10.3.1.2 Value at a given position

The height of transverse ribs or depth of indentations ata given position, e.g. at the quarter-point or at the
mid-point or at the three-quarters point, respectively designated a1 /4, am and a3/, shall be determined
as the mean value of the average heights of transverse ribs or average depths of indentations at this
given position for the different rows. This average height or average depth at this given position per
row shall be determined from at least three measurements on individual transverse ribs or individual
indentations not used for the identification of the bar, rod or wire.
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If, in a row, there are different transverse rib or indentation angles () to the longitudinal bar, rod or
wire axis, at least three measurements on individual transverse ribs or individual indentations shall be
made per transverse rib or indentation angle.

10.3.2 Height of longitudinal ribs (a')

The height of longitudinal ribs (a") shall be determined as the mean value of the average heights of all
longitudinal ribs. The average height of each longitudinal rib shall be determined from at least three

measurements of the height at three different positions.

10.3.3 Tramsverse rib or indentation spacing (¢ ]

The spacin
average sp

For each ro
length div
measured

The measy

g of the transverse ribs or indentations (c) shall be determined as the mean value of
hcing of transverse ribs or indentations for the different rows.

w, the spacing of the transverse ribs or indentations (c) shall be determined from a measu
ded by the number of the rib gaps or protrusions between indentation’s included in
ength.

red length is deemed to be the interval between the centre of a.fib or indentation and

centre of another rib or indentation of the same transverse rib or indentation angle on the same

of the test
measured

includ

be one

piece determined in a straight line and parallel to the longitudinal axis of the test piece.
ength shall

e at least 10 rib gaps or protrusions between indentations, or

pitch length for cold-twisted bars.

10.3.4 Pifch (P)

The pitch
two conse
longitudin

10.3.5 Pa

The parto
average ga
determine

(P) for cold-twisted bars shall be determined as the mean of the distances betw
Cutive corresponding points of a longitudinal rib on the same longitudinal line, for ¢
1 rib.

't of the circumference without ribs or indentations (Ze;)

[ the circumference without ribs or indentations (Ze;) shall be determined as the sum of]
b (e) between each pail of two adjacent ribs or indentation rows. The average gap (e) shal
1 from at least thrée“measurements.

10.3.6 Transverse rib or'indentation angle ()

The transvj
as the med
nominal a1

in ofsthe individual angles measured for each row of ribs or indentations with the s
gle.

the

red
the

the
oW
The

een
ach

the
1 be

erse rib\or/indentation angle () to the longitudinal bar, rod or wire axis shall be determined

hme

10.3.7 Transverse rib flank inclination («)

Each transverse rib flank inclination (a) shall be determined as the mean of the individual inclinations
on the same side of the ribs, measured as indicated in Figure 6 on at least two different transverse ribs
per row not used for the identification of the bar, rod or wire.

The transverse rib flank inclination (a) 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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a1/4

4

12 Al

NOTE Section A-A is‘aflattened representation of a transverse rib.

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

10.8:8- Width of transverse rib or width of indentation (b)

Unless otherwise specified in the product standard, 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, rod or wire along a line crossing the indentation at the
surface level of the bar, rod or wire.
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11 Determination of the relative rib or indentation area (fr or fp)

11.1 General
The interaction between steel and concrete permits mutual force transfer.

The main effect on bond is given by the shear bond caused by ribs or indentations on the surface of the
reinforcing steel.

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

— measurement of the geometric characteristics of the ribs or indentations;

— measurement of the interaction between the concrete and reinforcing steel in a pull-ott tesft or
beam ftest.

On the bagdis of the geometric data, a bond factor, called relative rib area (fr) or feldtive indentafion
area (fp) i calculated.

11.2 Measurements

The detertnination of the relative rib or indentation area (fr or fp)-shall be based on the results of
measuremgents of the geometrical characteristics made in accordanCe'with Clause 10.

11.3 Calcpulation of fg

11.3.1 Relative rib area

The relativie rib area is defined by Formula (4):

3=

m

Fy; sinf; :
1 n 21, R,I,]Slnﬁl,]
__1 J=
T n:ligl‘ C;

1

13
5 Dk (4)
k=1
where

n is the number of rows.of transverse ribs on the circumference;
m is the number 6f-different transverse rib inclinations per row;

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

p
Fr zz(a ;Al) is the area of the longitudinal section of one rib (see Figure 6), where as; is the averjage
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 fR.

11.3.2 Simplified formulae

11.3.2.1 Where Formula (4) is not strictly applied by using special devices designed to account for this
formula, a simplified formula may be used.
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11.3.2.2 Examples of simplified formulae for transverse ribs of crescent shape are given in

Formulae (5) to (8).

a) Trapezium formula:

1 1,

fr :(a1/4 +am+a3/4)(nd—2ei)4ndc+gqa (5)
b) Simpson's rule formula:
£ 2. YRRV wDNEE SR D (6)
c) |Parabola formula:
2ap, 1
= nd- ) e;)+—qd’ 7
SR = e = 20+ 54 (7)
d) |Empirical formula:
a
fr=2" ®)

wheére A is an empirical factor, which may be shown to relate¢r to ap,/c for a particular bar, yod or wire
profile.

11.B.2.3 Anexample of simplified formula for transverse ribs of constant height is shown by Fpbrmula (9):
fr = (a1/4+am+a3/4)/3ndc- (nd—pXep) 9)
wh¢re ¢ is an empirical factor to be detetmined for a particular bar, rod or wire profile.

11.8.2.4 The values ai/4, am and a3,z shall be determined in accordance with 10.3.1.2.

Y.ejlshall be determined in acCordance with 10.3.5.

11.8.3 Formula usedAfor’'the calculation of fg

Theg formula used-for' the calculation of fg shall be in accordance with the product standard and be
stafled in the testreport.

11.4 Caleulation of fp

11.4.10 Relative indentation area

The relative indentation area is defined by Formula (10):

1 & Fp; sinf;
- BT 10
f nd; : (10)

where n is the number of indentation rows.

D

Fp= Z(as‘iAx) is the area of the longitudinal section of one indentation (see Figure 7), where as ; is the
i=1

average depth of a portion i of an indentation subdivided into p parts of length Ax.
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B-B A\/

Figui

A

x/2

Y

e 7 — Determination of the area of the longitudinal section of one indentation Fp

11.4.2 Simplified formulae

Where the
account foy

o —

general formula given in 11.4.1'is not strictly applied by using special devices designefl to

this formula, a simplified formula may be used.

Examples ¢f simplified formulae afe given in Formulae (11) to (14).
a) Trapedium formula:
1
=(ay/4 +a, +a nd— ) e; (11
fp=(ay/s +ay +agpX Z ')47tdc 11)
b) Rectarjgular fermula:
1
=(dyjpta, +az )(nd=) e;) 12
fo=(aus 24 el — )
c) Parabola formula:
2a,,
= nd— ) e; 13
fo=g-(nd=3e;) (13)

d) Empirical formula:

16
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a
fp=A—
c

(14)

where A is an empirical factor, which may be shown to relate fp to ay,/c for a particular bar, rod or wire
profile.

The values a1 /4, am and a3 /4 shall be determined in accordance with 10.3.1.2.

e

shall be determined in accordance with 10.3.5.

11.
The

stat

12

12,

Thd
whi

Var
be 1]

12
Thd

12,

The
bet

.3 Formula used for the calculation of jp
formula used for the calculation of fp shall be in accordance with the product-stand

ed in the test report.

Determination of deviation from nominal mass per metre

1 Test piece
ch shall have square-cut ends.

aken into account to establish the length of the test piéece.

2 Accuracy of measurement

3 Test procedure

percentage deviation from nominal mass per metre shall be determined from the

nominal mass per metre as specified by the relevant product standard.

13

13.

13.
Thd

Specialized tests
1 Tensile testat elevated temperature

1.1 General

roo

temperature as QpP(‘iﬁP(] in ISO 6892-1

hrd and be

determination of the deviation from nominal mass per metre shall be performed on 3 test piece

ations in the rib/indentation profile related to the marking of the reinforcing bar, rod of wire may

length and the mass of the test piece shallbe’measured with an accuracy of at least +0,5 %.

difference

veen the actual mass per metre of the test piece determined from its mass and length and the

test.is performed at a temperature higher than 35 °C, which means at temperatures Higher than

13.1.2 Test piece

See

5.1.

13.1.3 Test equipment

See

5.2.
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13.1.4 Test procedure

The tensile test shall be performed in accordance with ISO 6892-2. For the determination of the

properties,

see 5.3.

13.2 Tensile test at low temperature

13.2.1 General

The tensile

test at low temperature covers the range between +10 °C and -196 °C.

13.2.2 Te
See 5.1.

13.2.3 Te

See 5.2.

13.2.4 Te

The tensil
properties

13.3 Cycl

13.3.1 Pr

The cyclic
of hystere;s
failure of t

5t piece

5t equipment

5t procedure

e test shall be performed in accordance with ISO 6892<3%For the determination of|the
see 5.3.

jc inelastic load test

nciple of the test

inelastic load test consists of subjecting.the test piece to five complete symmetrical cyles
is under the conditions given in Table-1 and Figure 8. The test shall be terminated upon
1e test piece before reaching the specified number of cycles, or on completion of the specified

number of cycles without failure.
Table 1 — Testing conditions for-cyclic inelastic load testing and specification of load cyclgs
Nominal diameter | Free length. [~Tension | Compression | Number of complete hys- | Frequerncy
d betweenthe’| strain strain teresis symmetrical cycles f
mih grips % % (cyclic load strength) Hz
Al} 10434+ 5% 2,5+0,1 -2,5+0,1 5 <3
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Key]

13.

In addition to the general provisions given in"€lause 4, the free length of the test piece shall

the

The
use

stress
strain

Figure 8 — Cycle of hysteresis

8.2 Test piece

requirement in Table 1.

test piece shall be representatiye, ot damaged and of the adequate length for the test
d to comply with the length between the grips given in Table 1. The surface of the

conform to

equipment
ree length

between grips shall not be subjected to any surface treatment of any kind.

13.8.3 Test equipment

The testing machine sliall be verified and calibrated in accordance with ISO 7500-1 and shal] be at least
of class 1.

For|each cyclicsinelastic load testing machine, the test conditions for each nominal diamegter of bar,
rod|or wire{(preliminary force, gripping pressure, test control by free length between grips) and the
necpessary.test piece lengths shall be documented.

NOTE For provisions concerning the preliminary force and the control of the crosshead separatjon rate, see
1SO 689ZT.

13.3.4 Test procedure

13.3.4.1 Provisions concerning the test piece

The test piece shall be gripped in the test equipment so that force is transmitted axially.

The grips used shall ensure that the test piece does not buckle during the test. The gripping pressure
perpendicular to the test axis shall be the minimum to ensure that the displacement of the test piece

doe

©IS

s not occur.
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