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reword

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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procedures used to develop this document and those intended for its further maint
Cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria nee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this document may be the
ent rights. ISO shall not be held responsible for identifying any or all suchpatent rightg
patent rights identified during the development of the document will.be'in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents}):

trade name used in this document is information given for the,eonvenience of users ar
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an explanation of the voluntary nature of standardsythe meaning of ISO specific
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ld Trade Organization (WTQO) principles in the TFechnical Barriers to Trade (TBT) se
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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, as well as specialized test methods 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.

Compleme

Vi

tary provisions nave bpeen given I needed.
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Steel for the reinforcement and prestressing of concrete —
Test methods —

Part 3:
Prestressing steel

1 (Scope
Thif document specifies test methods applicable to prestressing steel (bar, wire or strand) fdr concrete.
Thif document does not cover the sampling conditions that are dealt with intheproduct stapdards.

A li$t of options for agreement between the parties involved is provided/in Annex A.

2 |Normative references

The following documents are referred to in the text in sueh\a way that some or all of thpir content
congtitutes requirements of this document. For dated references, only the edition cited gpplies. For
undated references, the latest edition of the referenced decument (including any amendments) applies.

1SO|4957, Tool steels

[SO[ 4965-1, Metallic materials — Dynamic fovce calibration for uniaxial fatigue testing|— Part 1:
Testing systems

[S0|4965-2, Metallic materials — Dynamiéforce calibration for uniaxial fatigue testing — Part[2: Dynamic
calipration device (DCD) instrumentation

[S0|6508-1, Metallic materials —Rockwell hardness test — Part 1: Test method
[S0|6892-1, Metallic materigiss— Tensile testing — Part 1: Method of test at room temperature

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

1S0|7801, Metallic.materials — Wire — Reverse bend test
[SO|7802, Metallic materials — Wire — Wrapping test

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

ISO 1000 Ch L £ e s b oL b . L b 1 L 1
LOULU, OLCCT JUI LIC TCITUICCTTICTIU UTTU UreotrCosITty Uy CUTNILTELC — VYouLtuouilur y

3 Terms, definitions and symbols
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
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For the purposes of this document, the following symbols apply.

Symbol | Unit Description Reference
ay mm |Rib height at the mid-point 14.3,15.2
Anax mm |Maximum height of rib or depth of indentation 14.3
dg ; mm |Average height of a portion i of a rib subdivided into p parts of length Al |15.2
Ay 4 mm |Rib height at the quarter-point 14.3,15.2
s/, mm |Rib height at the three-quarters point 14.3,15.2
A % |Percentage elongation after fracture 5.1,5.3
Agy % |Percentage total extension at maximum force Clause 5 Oy
A, % |Percentage uniform elongation after fracture 5.3 ,\Q\
b mm |Width of transverse rib at the mid-point lfkﬁ;].‘g
c mm |Rib or indentation spacing 4 3
C mm |Groove width at nominal diameter of the mandrel, d,, used for the defl%@'fZBA
ed tensile test N
d mm |Nominal diameter of the bar, wire or strand O 5.31,7.2,
\% Table 3,10.4.p,
A Table 4
d, mm |(Nominal diameter of the mandrel used for the deflected,t.@silve test 12.3.4
dy, mm |Diameter to be obtained after placing two gauge cyli@g in the groove of [12.3.4
the mandrel used for the deflected tensile test \\\
d, mm |Diameter of the gauge cylinder used for the deflg&’d tensile test 12.34
d, mm |Diameter of guide hole ,{Q‘U 72
d; mm |Inner diameter of the groove of the mand.@l used for the deflected ten- [12.3.4
sile test R\
D % Average coefficient of reduction of@ya‘maximum force in the deflected 12.2,12.4
tensile test -
D, mm |Inner diameter of the test c;l&}'&l)t‘he stress corrosion test 11.3.4
D; % |Individual percentage of reddction of the maximum force in the deflected |12.
tensile test
D, mm |Diameter of the n}al(‘d}él of the bending device in the bend test Figure 2
e mm |Average gap b@é‘ejn two adjacent ribs or indentation rows 14.3.1.4,
R 14.3.2.5
E MPa Modulu%@\fasticity 5.2,5.3
f Hz Freq@{/ of force cycles in the axial force fatigue test 10.1,10.4.2
fr — Rglq?l“\;e rib area Clause 15
Fy; N Mvidual breaking force in the deflected tensile test 12.
F ,N& Maximum force in the tensile test 5.3
_ \Q Mean value of the maximum force 92 112 12
F 12.4
Fpo'1 N 0,1 % proof force, plastic extension 52,53
FpO,Z N 0,2 % proof force, plastic extension 5.2,5.3
F. N Force range in the axial force fatigue test Figure 6, 10.3,
10.4.2
Fr. N  |Residual force in the test piece at time t in the isothermal stress relaxa-  |9.1
tion test
AF N  |Forceloss in the test piece at time t in the isothermal stress relaxation test|9.1
Fr mm? |Area of longitudinal section of one rib 15.2

NOTE 1 MPa=1N/mm?2

© IS0 2019 -
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Symbol | Unit Description Reference
Fup N Upper force in the axial force fatigue test Figure 6, 10.3,
10.4.2
Fy N Initial force in the isothermal stress relaxation test and the stress corro- [9.1,9.2,9.3,9.4,
sion test 11.1,11.2,11.4.2
G mm |Depth of the groove of the mandrel used for the deflected tensile test 12.34
h mm |Distance from the top tangential plane of cylindrical supports to the bot- |72
tom face of the guide
hy, mm |Bow height in the plane of the bow 14.3.4
l mm |Length of indentation 143.2.4
L, mm |Length of the test piece in the stress corrosion test 112
Ly mm |Gauge length (without force on the test piece) in the isothermal stress 9.1, 913,94
relaxation test 112 134
Length of the test piece in contact with the solution in the stresscorro- 11.4.1,11.4.3,
sion test 11.4.%
Ly mm |Length of the passive side in the deflected tensile test 12.3.p
L, mm |Length of the active side in the deflected tensile test 12.3.p
m,n — Coefficients or numbers 9.4.9,|14.3,15.2
P mm |Lay length of a strand 14.3.8
r mm |Radius of cylindrical supports 7.2
R mm |Radius at the base of the mandrel used for.the deflected tensile test 12.3.4
ry mm |Distance between the grips and the gauge length for the manual measure- 5.3
ment of A,
ry mm |Distance between the fracture andithe gauge length for the manual meas- [5.3
urement of 4,
R, um |Surface roughness of the mandrel used for the deflected tensile test 12.3.4
S mm? |Nominal cross-sectional'area of the test piece 5.3.2
t, h  |Maximum agreed time for the stress corrosion test 11.4.5
te; h  |Individual lifetime-to fracture in the stress corrosion test 11.4.%
e m h  |Median lifetime to fracture in the stress corrosion test 11.4.6
to S Starting time in the isothermal stress relaxation test and in the stress 9.4.2{11.4
corrosion test
y mm |Distafice from a plane, defined by the axes of the cylindrical supports, to |Figuie 3
thehearest point of contact with the test piece
¥ mm3<[Volume of test solution to fill the test cell in the stress corrosion test 11.4.3
VA % ' |Percentage reduction of area 5.3.1
a ° Angle of deviation in the deflected tensile test 12.3.p
Jt3 ° Rib or indentation angle to the bar or wire axis 14.3
— | Value of the strain for a force equal to x I, 2.3.2
eme
P % |Relaxation 9.4.9
Ye: mm | Part of the circumference without indentation or rib 14.3.1.4,
I 14.3.2.5,15.2
NOTE 1MPa=1N/mm?2

4 General provisions concerning test pieces

Unless otherwise agreed or specified in the product standard, the samples shall be taken from the
finished product before packaging.

© IS0 2019 - All rights reserved
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Special care should be taken when samples are taken from the packaged product (e.g. coil or bundle) in
order to avoid plastic deformation, which could change the properties of the samples used to provide
the test pieces.

Specific complementary provisions concerning the test pieces are indicated in the relevant clauses of
this document, if needed.

5 Tensi

le test

5.1 Tes

In addition|
for the detg

If the percg
accordancg

If the perc
bar or wirg
distance b

5.2 Test

The test eq
of class 1.

If an exten

FpO,l or Fpo

Grips shall
5.3 Test

5.3.1 Ge

The tensile
and Fj 5),
elongation
with ISO 6

An extensd
proof force
gauge leng

nlece
r

to the general provisions given in Clause 4, the free length of the test piece shall be suffic|
rmination of the percentage total extension at maximum force (4,,) in accordance'with 5]

ntage elongation after fracture (4) is determined manually, the test piece shalljbe marke
with ISO 6892-1.

entage total extension at maximum force (4,,) is determined by the manual method f
, equidistant marks shall be made on the free length of the test piece’(see ISO 6892-1).
etween the marks shall be 20 mm, 10 mm or 5 mm, depending on the test piece diameter

equipment

uipment shall be verified and calibrated in accordance.with ISO 7500-1 and shall be at 1

»; for the determination of 4,, a class 2 extensometer (see ISO 9513) may be used.

g

be such as to avoid breaks in or very near the grips.
procedure

neral

maximum force (F,), percentage total extension at maximum force (4,,) and/or percent
after fracture (A).dnd percentage reduction of area (Z) shall be performed in accordd
B92-1.

meter shall,be used for the determination of the modulus of elasticity (E), 0,1 % and 0,
(Fpo,1 a0d)F), ) and percentage total extension at maximum force (4,). The extensom
Lh shallbe as specified in the relevant product standard.

Accurate V

alues of Ay can only be obtained with an extensometer. If it is not possible to leave

test for the determination of the modulus of elasticity (E), 0,1 % and 0,2 % proof force (1),

jent
3.1.

d in

DI a
The

past

someter is used, it shall be of class 1 in accordarice with ISO 9513 for the determination ¢f E,

0,1
age
nce

P %
bter

the

extensometer on the test piece to [racture or until the maximum force nas been passed, the extension
may be measured as follows.

corresponding to
machine cross-hea

F,

between the cross-heads is noted.

Continue loading until the extensometer records an extension just greater than the extension
0,2 at which the extensometer is removed; the distance between the testing
(fs is noted. The loading is continued until fracture occurs. The final distance

The difference between the cross-head measurements is calculated as a percentage of the original

distance between the cross-heads and this value is added to the percentage obtained by the

extens

ometer.
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For wire and bars, it is also permissible to determine A, by the manual method. If A, is determined by
the manual method after fracture, Ay, shall be calculated from Formula (1):

Ay = A, +R /2000 (1)

where A, is the percentage uniform elongation after fracture.

The measurement of A, shall be made, as the measurement of A (see ISO 6892-1), on the longer of the
two fractured parts of the test piece on a gauge length of 100 mm, as close as possible to the fracture
but at a distance, r,, of at least 50 mm or 2d (whichever is the greater) away from the fracture. This
megsurement may be considered as invalid if the distance, r{, between the grips and the gauge length is
les§than 20 mm or d (whichever is the greater). See Figure 1.

a b g

’4—;> I;I

oy [ 1111 — ke

A
Y
A
\

A
\

a | Grip length.
b [Gauge length 100 mm.

Figure 1 — Measurement of 4, by the manual method
Itis|preferable to apply a preliminary force tothe test piece, e.g. to about 10 % of the expected maximum
forde before placing the extensometer.

If A}, is not completely determined with-an extensometer, this shall be indicated in the test report.

For|routine tests conducted by prestressing steel producers, the test information should bg¢ described
within internal documentation.

Tengile properties (Fyg 1,452, Fiy) are recorded in force units.

For|the determination ef percentage elongation after fracture (A), the original gauge length shall be
eight times the nominal diameter (d), unless otherwise specified in the relevant product sfandard. In
cas¢ of dispute, 4’sHall be determined manually.

If the fracture/occurs within a distance of 3 mm from the grips, the test shall, in principle, be ponsidered
as ipvalid,and it shall be permissible to perform a retest. However, it shall be permitted tp take into
accpuritthe test results if all values meet the relevant specified values.

5.3.2 Determination of the modulus of elasticity

The modulus of elasticity (E) shall be determined from the slope of the linear portion of the force-
extension diagram divided by the nominal cross-sectional area of the test piece (S,,).

In general, for cold-drawn prestressing products (e.g. strands and plain wires), the slope can be
determined in the range between 0,2F  and 0,7F,,, as shown by Formula (2):

E= [(o,wm ~0.2F,) /(6 7p ~ 2005 )} /S, @)

The slope may be calculated either by a linear regression of the measured data stored in a data storage
facility or by a best-fit visual technique over the above-defined portion of the recorded curve.

© IS0 2019 - All rights reserved 5
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In some special cases, e.g. hot-rolled and stretched bars, the above-mentioned method cannot be
applied; a secant modulus between 0,05F,, and 0,7F,, may then be determined as shown by Formula (3):

(0.7F, ~0.05F,) /(075 ~00sr )|/ S 3)

In addition to the provisions given in 5.3.1, it shall be ensured that the stress rate is not changed within
the force range over which the modulus of elasticity is determined.

6 Bend test

6.1 Testpiece

The generdl provisions given in Clause 4 apply.
6.2 Testlequipment

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

NOTE Higure 2 shows a configuration where the mandrel and support rotate' and the carrier is locked.|It is
also possible that the carrier rotates and the support or mandrel is locked.
2

& o
G
9

¢D
Key
1 mandrgl
2 support
3 carrier

Figure 2 — Principle of a bending device

6.2.2 The “bend test may also be performed using a device with supports and a mandrel (e.g.
see [SO 7438).

6.3 Test procedure

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

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

6 © IS0 2019 - All rights reserved
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6.4 Interpretation of test results

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

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 has
withstood the bend test.

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.

7 |Reverse bend test

7.1 Test piece

In addition to the general provisions given in Clause 4, the test piece shallconform to [SO 78p1.

7.2| Test equipment
The test equipment shall conform to ISO 7801.

Forwire of nominal diameter 10 mm < d < 12,5 mm, the following conditions apply to the testlequipment
as defined by Figure 3: r= (30 £ 1) mm, h = 125 mm, dg =3+ mm or 13 mm.

© IS0 2019 - All rights reserved 7
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——__/\_’—j
d b)

— >
d
L,l
L~
/L/\,_/\
g
= g
i

0,1 mm max.

Key
a) nearest point of contact with test piece  d) “guide g) gripping faces of suppofts

b) test piec e) pivoting axis of the bending arm h) supports

[1°]

c) bendingfarm f) cylindrical supports

Figure 3 — Schematic of the test equipment for the reverse bend test

7.3 Testlprocedure

The reversg bend test shall be performed in accordance with ISO 7801.

8 Wrapping test

8.1 Testpiece

In addition to the general provisions given in Clause 4, the test piece shall conform to ISO 7802.

8.2 Test equipment

The test equipment shall conform to ISO 7802.

8.3 Test procedure

The wrapping test shall be performed in accordance with ISO 7802.

8 © IS0 2019 - All rights reserved
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9 Isothermal stress relaxation test

9.1 Principle of test

The isothermal stress relaxation test consists of measuring, at a given temperature (generally fixed
at 20 °C unless otherwise agreed), the variations of force of a test piece maintained at constant length
(Lo + ALy), from an initial force (F;) (see Figure 4).

The loss in force is expressed as a percentage of the initial force for a given period of time.

L f
<

t, t 3
=t
F ~
F, )
o Y Y
<
1\ \_/_JL/
[
¢, t t
Key
time
L |length
F |force

Figure 4 — Principle of the isothermal stress relaxation test

9.2 Testpiece
The general provisions given in Clause 4 apply.

The test piece for the isothermal stress relaxation test shall be maintained in a straight condition. The
free length of the test piece between the grips shall not be subjected to any mechanical deformation or
treatment of any kind.

Two test pieces adjacent to the test pieces for the stress relaxation test shall be taken for the

determination of the mean value of maximum force (Fm), if the initial force (F;) is expressed as a

percentage of Fm,e.g.70 % x Fp.
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9.3 Test

equipment

9.3.1 Frame

Any deformation of the frame shall be within such limits that it does not influence the results of the test.

9.3.2 Force-measuring device

The force shall be measured either by a coaxial force cell or another appropriate device (e.g. lever
loading system).

The force gell shall be calibrated in accordance with ISO 7500-1 and have an accuracy of +1 % forforces
up to 1 000 kN and *2 % for forces greater than 1 000 kN.

The other gppropriate devices shall have the same accuracy as the one specified for the force'cell.

The resolufion of the output of the force-measuring device shall be 5 x 10~# F, or better:

9.3.3 Lepgth-measuring device (extensometer)

The gauge [length (L) shall be not less than 200 mm. For strands, it should preferably be 1 000 mm or
an integer pumber of the strand lay length where the actual length (L, 4 AL;) is measured on the same
wire of the|strand. The extensometer shall be of class 1 or better in accgrdance with ISO 9513.

NOTE The maximum permissible values for a class 1 extensometerare as follows: relative error of the gquge
length +1 %]; resolution 20,5 % or 1 um, whichever is the greater; bias\error +1,0 % or +3,0 um, whichever i the
greater.

9.3.4 Anchoring device

The anchofing device shall be constructed in such a way that slipping during the test either is[not
possible orfis corrected and rotation of the anchoring device is prevented.

9.3.5 Lopding device

The loadinlg device shall allow a smogth increase in loading the test piece without shock. It shall be
constructed in such a way that the length (L, + AL;) can be maintained within the limits fixed in 9}4.5,
throughout the test, by reductignyof force.

9.4 Testprocedure

9.4.1 Prpvisions/«concerning the test piece

The test pigce shall remain at least 24 h in the testing laboratory prior to the test.

The test plece shall be cpmlrp]y gripppd in the nnr‘hm‘ngpc of the test device in order to avoid ny

slippage during loading and during the test.

9.4.2 Application of force

At all times, the force shall be applied uniformly and without shock.

The loading up to 20 % of the initial force (F;) may be applied as desired. Loading of the test piece from
20 % up to 80 % of F, shall be applied continuously or in three or more uniform steps or with a uniform
rate of loading and shall be completed within 6 min. Application of the force between 80 % and 100 %
of F,, shall be continuous and shall be completed within 2 min, after achievement of 80 % of F,.

NOTE Arate of loading up to F; of (200 + 50) MPa-min~! is considered as a uniform rate of loading.

10 © IS0 2019 - All rights reserved
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On attainment of the initial force (F), the force shall be kept constant for a period of 2 min. Immediately
on completion of this 2 min-period, time (t,) is established and recorded. Any subsequent adjustment of
force shall only be made in order to ensure that L, + AL is kept constant.
The application of force is illustrated schematically in Figure 5.
F/Fo A
1

0,8

0,6

0,4

0,2

~ Y

Key
t time (min)
F/F} ratio between the applied force and the'initial force (F;)

Figure 5 — Application of force in the isothermal stress relaxation test

9.4)3 Initial force

Thd initial force (Eg)-shall be as specified in the appropriate product standard. The measured value of
thelinitial force shall be within the tolerances of the specified value given in Table 1.

Table 1 — Tolerance of F),

Value of F, Tolerance of F,
Ee <1000 LN +1 04
Fy>1000KkN +2 %

9.4.4 Force during the test

At any time, the force shall not be permitted to exceed the initial force by more than the tolerances
given in Table 1.

9.4.5 Maintenance of strain

The strain imposed by the initial force (F,) at time (t;) shall be measured with a suitable mechanical,
electrical or optical extensometer having the accuracy defined in 9.3.3 at the selected initial
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gauge length (L,). The variation of AL, shall not exceed 5 x 107> L, between two consecutive force
measurements.

9.4.6 Temperature

The temperature of the testing laboratory shall be such that the temperature of the test piece shall be
maintained at the specified test temperature +2 °C.

9.4.7 Frequency of force recording

The loss o
time intery

9.4.8 Fr¢

The strain|
measurem

9.49 Du
The durati
NOTE 4

The value
less than 1
is equivale
described

A current 1
log p 5
where

P
t

C_L. 1 111 b 1 P [ | | o | . H g | ded=l .
TUTLT SIIall DT LUIILIITUUUSTy TTLUTUTU Ul THITAS Ut dlt 1C4dst dPpPIUATIIIALTLY dU LT Stdll

als given in Table 2 after starting the test and then at least once per week.

Table 2 — Standard times of force recording

2 8

24

15
48

30
96

60
120

Minutes

Hours

pquency of strain recording

bnts, and twice between two consecutive force measurements (at equal time intervals).

ration of the test
bn of the test shall be not less than 120 h.
A common duration of a testis 120 h or 1 000 h.

bf stress relaxation at 1 000 h (or more)~may be extrapolated from tests terminating at
20 h, where adequate evidence is pgovided that the extrapolated 1 000 h (or more)-v
nt to the actual 1 000 h (or more)&value. In this case, the extrapolation method shoulc
n the test report.

hethod of extrapolation is based on Formula (4):

mlogt +n

is the relaxation, generally expressed in percent;

is the time, expressed in hours;

ard

measured by the extensometer shall be recorded continuously, or at least during force

not
hlue
| be

(4)

m and

10 Axial

h““are coefficients.

force fatigue test

10.1 Principle of test

The axial force fatigue test consists of subjecting the test piece to an axial tensile force, which varies
cyclically according to a sinusoidal wave-form of constant frequency (f) in the elastic range (see
Figure 6). The test is performed until failure of the test piece or until reaching, without failure, the

number of

12

force cycles specified in the relevant product standard.

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=976a50577f997a571fe8305a63aef1cd

ISO 15630-3:2019(E)

F A 1/f

A
 J

up

t
Key
Fyp [upper value of F F  force
F. |range of F per cycle t time

r
1/f |one cycle

Figure 6 — Force-cycle diagram

10.2 Test piece
The general provisions given in Clause 4 apply

Thg minimum free length shall be in accordance with Table 3. The free length of the test piege between
thegrips shall not be subjected to treatment of any kind.

Table 3 —Minimum free length of the test piece

Wire and bar: 140 mm or 14d, whichever is the greater

Strand 500 mm or twice the lay length, whichever is the greater

10.3 Test equipment

The fatigue-testinng machine shall be calibrated in accordance with either ISO 4965-1 and SO 4965-2,
or ISO 7500-%,XThe accuracy shall be at least #1 %. The fatigue-testing machine shall be[capable of
maintainingsthe upper force (F,;) to within +2 % of the specified value and the force range (F,) to
within#4'% of the specified value.

10.4 Test procedure

10.4.1 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. For strands, it is essential that all constituent wires be
equally gripped and the force equally distributed among them.

10.4.2 Stability of force and frequency

The test shall be performed under conditions of stable upper force (F,), force range (F,) and frequency
(f)- There shall be no planned interruptions in the cyclic loading throughout the test. However, it is
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permissible to continue a test which is accidentally interrupted. Any interruption shall be recorded in
the test report.

10.4.3 Counting of force cycles

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

10.4.4 Frequency

The frequency of force cycles shall be stable during the test and shall be maintained during a series of

tests with j

a) 120 H
b) 20 Hz

10.4.5 Te

The tempe
testing lab

10.4.6 Va

If failure o
feature of {

11 Stres

pa | e 14 e P Tl L. 1 11 . |
UCIItICdAdTl LCDLIIIE CUIIUILIUILS. TIIT I1 cqucut,_y S11IdIT IITUU TALTCTU
for wire and bar, or

for strand.

mperature

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

idity of the test

ccurs in the grips or within a distance of 2d from the grips, or initiates at an excepti
he test piece, the test may be considered as invalid.

5 corrosion test in a solution of thiocyanate

11.1 Principle of test

The test d
specified i1
given cons

btermines the time to fracture of afest piece maintained at a constant tensile force
1 the relevant product standardand immersed in a solution of thiocyanate (see 11.3.5),
fant temperature.

11.2 Samjpple and test piece

The gener3

pieces for t

testif the i

The length
minimized

| provisions given in-€lause 4 apply to the sample which should provide not less than six
he stress corrosion test and two test pieces for the determination of Fm by a uniaxial ten
hitial force\[F,) is expressed as a percentage of Fm,e.g.80 % Fm.

of agtest piece (L,) shall be sufficient to ensure that any bending from the anchorag
andshould be preferably twice the length (L).

the

nal

(Fo)
at a

test

sile

11.3 Test

equipment

11.3.1 Frame

A stiff frame shall be used. Loading shall be applied by a lever apparatus or by a hydraulic or mechanical
device acting on a closed frame in either the horizontal or vertical orientation.

11.3.2 Force-measuring device

A force-measuring device with an accuracy of at least +2 % shall be used and calibrated in accordance
with ISO 7500-1.

14
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11.3.3 Time-measuring device

The time shall be measured with a resolution of at least 0,01 h. The time-measuring device shall be
equipped with an automatic control to stop and retain or record the time at fracture with an accuracy
of £0,1 h. Alternatively, the time to fracture shall be the last manually recorded time prior to fracture.

11.3.4 Test cell containing the test solution

The test cell containing the test solution should preferably be cylindrical and sealed at both ends. It
shall have an inner diameter (D_) in accordance with Formula (5):

D, > /(200 +d)xd (5)
where all dimensions are given in millimetres.
Redommended inner diameters (D ) are given in Table 4.

Table 4 — Recommended inner diameters (D) of the test cell

Dimensions in millimetres

Nominal diameter of the test piece, d Recoinmended values of D,
d<19 >70
19<d<50 >100

The test cell length shall be sufficient to accommodateza test length (L) of at least 200 mm.
The test cell shall be fabricated from a material which is chemically resistant to the test solutipn at 50 °C.

The test cell shall be kept closed during the test, and admission of air shall be avoided.

11.83.5 Test solution

The test solution can be selected from one of the two solutions specified below, which prepent a high
and|a low concentration of thioeyanate, respectively.

— |Solution A: aqueous solution of ammonium thiocyanate prepared by dissolving 200 g of[NH,SCN in
800 ml of distilled of démineralized water. The ammonium thiocyanate shall be of analytical grade
containing at least 99 % of NH,SCN and a maximum of 0,005 % Cl-, 0,005 % SO,2~ and 0{001 % S?—

— |Solution B: aqueous solution of potassium sulfate (K,SO,), potassium chloride (KCl) and|potassium
thiocyanate{KSCN) prepared with distilled or demineralized water. Test solution B sHall contain
5g/10£80,%2~ 0,5 g/l of Cl-and 1 g/1 of SCN~.

The electrical conductivity of the water used for the preparation of solutions A and B shall jnot exceed
20 qlS/cm.

Attention is drawn to the fact that these two solutions give different results which are not comparable.
The solution(s) to be used should be as specified in the product standard.

WARNING — Relevant material safety data sheet (MSDS) information on handling dangerous
chemicals and disposal of these chemicals after use shall be taken into account for the chemicals
used in this test.
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11.4 Test procedure

11.4.1 Provisions concerning the test pieces

The test pieces shall be cleaned by wiping with a soft cloth and degreased, e.g. with acetone (CH;COCH,),
and dried in air.

The test piece shall be protected from corrosion by varnish or similar means in the zones where the
test piece enters the test cell and for at least 50 mm into the inner part of the test cell. The test length
(Ly) is the length of the test piece in contact with the solution.

11.4.2 A[Jplication and maintenance of force

The test piece is placed in the tensioning frame and the test cell is placed on the test piece.-Force shall
be applied fto the test piece until F is reached.

The indicated force for F; shall be maintained within #2 % for the duration of the test.

The value ffor F, shall be recorded at time (t;) and shall be confirmed and, if necessary, adjustefl at
appropriate intervals during the test.

11.4.3 Filling of the test cell

Upon completion of loading, the test cell shall be sealed to prevent léakage and a volume (V) of fest
solution, which shall be a new one for each test, preheated to a temperature between 50 °C and 5p °C
poured intp the test cell. V shall be at least 5 ml per cm? of surface area of the test piece along the fest
length (L)} Filling of the test cell shall be completed within:t\min for wire and strands or 5 min for hars
and then the time-measuring device shall be set to the starting time (£,).

Inside the fest cell, the test piece shall be completely-immersed in the test solution.

The solutidn shall not be circulated during the test:

11.4.4 Temperature during the test

Within thd time interval ¢, and ¢, +5-min, the temperature of the test solution shall be adjustedl to
(50 £ 1) °C|for wires and strands and (50 #* 2) °C for bars and shall be maintained in the relevant rgnge
throughouf the test.

11.4.5 Termination of theltest

The test :reall be considered to have reached completion either on fracture of the test piece or af an
agreed time (t,).

In the casq ofsstrands, the test shall be considered to have reached completion if at least one wite is
fractured. [ffracture of the test piece occurs outside the testlength (L), the test shall be consideref as
invalid.

The time to fracture (¢;;) shall be measured and recorded to the nearest 0,1 h. If fracture has not
occurred within the time (¢,), the result shall be recorded as t; > t,.

11.4.6 Determination of median lifetime to fracture

When all the test pieces in the series have been tested, the results ¢;; shall be ordered according to the
values of lifetime to fracture. The median value (¢,,) is that in the middle of this ordered series, or the
arithmetic mean of the two in the middle if there is an even number of test results.
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Deflected tensile test

12.1 Principle of test

The test consists of determining the reduction coefficient of the maximum force in uniaxial tension
due to a deviation of 20° around a specified mandrel, for five test pieces of a sample of strand with a
nominal diameter equal to or greater than 12,5 mm.

12.2 Sample and test pieces

Thd
121

Ons
det
The

Five
is s

The
Thd

12.

12.

The
to ]
whi
dim
12.
Thd

Thd

est pieces.

ermine Fo.
remainder of the test sample shall be cut into at least 10 test pieces forrdeflected tensile

valid test results are sufficient to calculate the D-value (see 12.4)But as invalid tests ¢
iggested that at least 10 available test pieces be provided.

length of each test piece shall be appropriate to the testingahd anchoring device.

test pieces shall not be subjected to any treatment or préparation other than cutting.
3 Test equipment

8.1 General description

testing machine shall have a stiff frame’and shall conform to the requirements specifie
2.3.5. The testing machine consistslef a fixed passive anchorage, a movable active an
ch a force-measuring device is attached, a loading device and a fixed grooved mandrel
ensions.

8.2 Dimensions

dimensions of the téstidevice shown in Figure 7 shall be as follows:
Ly (700 £ 56)+mm;

Ly: 2 750mm;

a:  20°+0,5°

general provisions given in Clause 4 apply to a sample of sufficient length to provide at least

test piece taken from each end of the sample shall be used in the uniaxial*tensille tests to

tests.

AN occur, it

din12.3.2
chorage to
f specified

axis of the mandrel shall be perpendicular to the plane formed between the active and

the passive

anc

©IS

orage sides and the centre of the mandrel.
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Key
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Figure 7 — Main dimensions of the deflected tensile test deyvice

12.3.3 Ar]lchorages

The longit
the anchorj

The anchoj

— uniaxi

provide at least 95 % of the maximum force in thé¢’uniaxial tensile test performed in accordd

with Cj

— axial d
0,5 mn

— displa

— the comtact between the conical part of the die and wedges shall be secured during the test;

— the to
diame

dinal axis of both ends of the test piece shall be perpendicular to the plane of bearings
hges. An inadequate geometrical position can cause ingorrect test results.

ages shall conform to the following requirements:;

h| tensile tests with the anchorages (wedges and dies) used in the deflected tensile tests s

ause 5;

isplacement of the centre wire in relation to the outer wires of the strand shall be less
n at 90 % of the maximum force in ;the uniaxial tensile test;

ement of the wedges in the.ahchorage body shall be less than the values given in Table 5

bthed part of the wedges shall have a minimum length of 2,5 times the nominal stq
er.

Table 5 — Displacement of wedges

. Admissible maximum displacement?
Percentage of maximum force
mm

for

hall
nce

han

and

froa O 0L o 00 o [y
=4

TT OTIT U /0 torracturc

from 50 % to fracture 2,5

a

Bedding-in of the wedges prior to the beginning of the test shall be disregarded.

12.3.4 Mandrel

The mandrel shall be made of tool steel in accordance with ISO 4957. The chemical composition,
microstructure and heat treatment shall be such that the mandrel is ductile and has a high wear

resistance.

The surface hardness shall be 58 HRC to 62 HRC measured in accordance with ISO 6508-1.

18
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The surface finish of the fresh mandrel groove shall have a roughness (Ra) of maximum 1,6 pum. Ra is
defined in ISO 4287.

The dimensions of the mandrel (see Figure 8) are given in Table 6.

The mandrel shall be rigidly fixed in such a way that there is no rotation or other movement.

Table 6 — Dimensions of the mandrel

Nominal strand diameter (mm)
Parameter
12,5t013,0 15to 16 17t0 18
Nominal mandrel diameter, d, (mm) 40 49 59
Angle of the groove flanks 60°+ 12’ 60°+ 12" |~60°+ 12’
Radius at the base of the groove, R (mm) 2+0,2 2+0,2 202
Depth of the groove, G (mm) 7,6 9,5 12
Groove width, C, at nominal mandrel diameter, d, (mm) 14,4 179 21,9
Inner diameter, d;, of the groove (mm) 24,7 +0,1 299 +0,1 349 +D,1
Diameter to be obtained after placing two cylinders in 570+ 0,1 720+01 | 81,0+p1
the groove, dy, (mm)
Diameter of the gauge cylinder, d, (mm) 14 18 20
©
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Figure 8 — Mandrel
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12.3.5 Loading device

The loading equipment, preferably using a force cell, shall be calibrated in accordance with ISO 7500-1.
Accuracy shall be at least #1 % of the indicated force for forces = 10 % of the total force range.

The loading rate shall be adjustable. This rate shall be controlled during the test so that, when the
force increases to 50 % of the anticipated breaking force, the rate shall be in the range 30 MPa-s™! to
60 MPa-s~! (or in the strain rate range of 15 x 107> s~1 to 30 x 105 s71 if the test is strain-controlled).
This rate shall then be maintained until fracture occurs.

12.4 Tes

The surfac
strand is s
in the samg

Proper alig
application
that there

The loadin

A test shal
the contact

The value

nrocedure

b of the mandrel groove shall be carefully cleaned (see 11.4.1) before starting any test: If
ightly curved, the test piece shall be laid into the groove in such a way that the ctirvatuj
e direction as the deflection during the test.

rnment of the test piece shall be verified after installation in the anchorages and be
of any force. During loading, the grip efficiency of the anchorages shall.be checked to ve
s no slippage between the strand and the anchorage grips.

b rate shall conform to 12.3.5.

be considered as invalid if the fracture of one or more wiresof the strand does not occu
with the mandrel.

of F,; for a valid test shall be recorded with the‘accuracy indicated in 12.3.5.

the
eis

fore

rify

r at

The

correspondling value D; shall be calculated from F, ;as shown-by Formula (6), expressed in percentpge,
and shall bl reported:

D, =(1 -F,; / F.,)*x100 (6)
The D-value shall be calculated as the average of:the five D; values, as shown by Formula (7):

5
D= 5201. (7)
i=1

13 Chemical analysis
In general,|the chemical.¢omposition is determined by spectrometric methods.
In case of|disputeabout analytical methods, the chemical composition shall be determined by an
appropriate referencé method specified in one of the relevant International Standards.
NOTE A list of the relevant International Standards for the determination of the chemical compositign is
given in thelBihlingraphy

14 Measurement of the geometrical characteristics

14.1 Test

piece

The general provisions given in Clause 4 apply.

The length of the test piece shall be sufficient to perform the measurements in accordance with 14.3.

20
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14.2 Test equipment

The geometrical characteristics shall be measured with an instrument of an accuracy of at least the
following:

0,01 mm for the height of ribs (for bars or quenched and tempered wire) and the depth of in
(for indented cold-drawn wire and strand);

dentations

0,05 mm for the gap between the ribs or indentations of two adjacent rib or indentation rows;

0,5 mm for the measurement of the distance between ribs or indentations when determining the rib

14 4.2 o o 4.4 0

14.
14.

14.

The
ribg

14.

The
poil
ind

14.

Thd
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Thd
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the

14.

Thd
bet

lay length for strands (see 14.3.3);

one degree for the inclination between the rib or indentation and the longitudinal
wire or bar.

3 Test procedures
8.1 Rib measurements

B.1.1 Height at the highest point (a

max)

rib height at the highest point (a,,,,) shall be determined by measuring the height ofn (n>5
in each row at their highest point and calculating the,mean of all obtained individual valug

B.1.2 Rib height at a given position

rib height at a given position, e.g. at the quarter-point or at the mid-point or at the thre
it respectively designated a; 4, a,,, and gz 3, shall be determined by measuring the height
vidual ribs in each row and calculating‘the mean of all obtained individual values.

8.1.3 Rib spacing (¢)

rib spacing (c) shall be deterntined from the length of the measured distance divided by {
b gaps.

measured distance.is deemed to be the interval between the centre of a rib and the centreg
bn the same row of.the test piece determined in a straight line and parallel to the longitud
test piece. Themeasured distance shall include at least 10 rib gaps.

8.1.4 Part of the circumference without ribs (}e))

hxis of the

individual
S.

e-quarters
ofn(nz3)

he number

of another
inal axis of

partipf'the circumference without ribs () e,) shall be determined as the sum of the aver
veen ribs of two adjacent rib rows, for each rib row. The average gap (e) shall be determi

age gap (e)

1|1ed from at

leas

|2ssmavpssaioreavsm s e avs sa e

14.3.1.5 Rib inclination angle ()

The rib inclination angle (f) shall be determined as the mean of the individual angles measured for
each row of ribs with the same angle.

14.3.1.6 Width of transverse rib (b)

The width of transverse rib (b), see Figure 10, section M-M, 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.
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14.3.2 Indentation measurements

14.3.2.1 General

Measurements for indented strand shall be made on each individual indented wire before stranding.
Single-wire test pieces that are not straightened in the production process shall be straightened, prior
to measurement, without a change to the wire surface.

14.3.2.2 Depth at the deepest point (a

m ax)

The inden
nn=z=5)i
individual

14.3.2.3 1

The indent]
the numbe

The measy

correspondling side of another indentation on the same row of the test piece, determined aloy
hg the indentations in their centres and parallel to the longitudinal axis of the test piece,

line crossi
at the surfj

indentationms.

14.3.2.4 1

The length|
parallel to
surface lev]

14.3.2.5 K

The part of
gap (e) bet
gap (e) sha

14.3.2.6 1

The indent

indentatiof row.

14.3.3 La

atiom depthatthedeepest point o, —Shat-bedetermimed—by mreasuringthedept
hdividual indentations in each row at their deepest point and calculating the mean ‘of
values obtained.

ndentation spacing (c)

I of protrusions between indentations included in it.

ired distance is deemed to be the interval between the side of-an indentation and

hce level of the wire. The measured distance shall include.at least 10 protrusions betw

ength of indentation (/)

of indentation (/) shall be determined as the miean of three measurements on each row m
the longitudinal axis of the wire along a life crossing the indentation in its centre, at
el of the wire.

art of the circumference withoutindentations (3e))

the circumference without indentations (},e;) shall be determined as the sum of the aver
ween indentations of two-adjacent indentation rows, for each indentation row. The ave
1 be determined from at’ledst three measurements.

ndentation angle.(5)

ation angle (B)shall be determined as the mean of the individual angles measured for €

y length of strand (P)

1 of
the

ation spacing (c) shall be determined from the length of the measured distance divided by

the
ga

een

ade
the

age
age

ach

Thelaylen

bthof strand (P) shall be determined as the distance between two consecutive correspond

ling

points of the same wire.

It is recommended that this distance be measured on paper onto which an impression of the strand is
made by rubbing.

14.3.4 Straightness

The bow height (h;) which indicates the straightness of the test piece shall be determined by measuring
in the plane of the bow the distance between the prestressing steel and the line joining the ends of a rule
of 1 m long in contact with the prestressing steel lying on a flat horizontal surface with a measurement
tolerance of 1 mm (see Figure 9).
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Figure 9 — Measurement of bow height

15

15.
The

of nheasurements made in accordance with 14.3.1.

15.

15.
The

wh

Fr

heig

15.

Determination of the relative rib area (fy)

1 General

determination of the relative rib area (fy) for ribbed prestressing steel shall be based on

2 Calculation of f

P.1 Relative rib area

relative rib area is defined by Formula (8):

1 m
;ZF Usmﬂ”

_L v e
= dz

n 1:1 1

bre
n is the number of rows of.transverse ribs on the circumference;

m is the number of different transverse rib inclinations per row.

b
= 2 (as,iAI) is the'area of the longitudinal section of one rib (see Figure 10) where ag ;is {

i=1
tht of a portion 7 of a rib subdivided into p parts of length AL

.2 ,Simplified formulae

the results

(8)

he average

Wh

bre‘Formula (8) is not strictly npplipd by using devices I';lking into account this formnla 4

simplified

formula may be used.

Examples of simplified formulae are given in Formulae (9) to (12).

a)

b)

©IS

Trapezium formula:

1
4ndc

fr =(a1/4 ta, +ag/4)(nd—zei)

Simpson's rule formula:

02019 - All rights reserved
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fR=(2a1/4+am+Za3/4)(nd—Zei)6nldC (10)
c) Parabola formula:
2a
fr = Inde (nd — Zei) (11
d) Empirical formula:
am
fr=A4 - 12)

where A is in empirical factor that may be shown to relate fj to a particular wire profile>

The valueq a, , ay,, a3/, shall be determined in accordance with 14.3.1.2. }e; shall be determined as
indicated ip 14.3.1.4.
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