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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
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mental, in_fiaison with 150, also take part in the work. 1SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart2.
hsk of technical committees is to prepare International Standards. Draft Interriational Stand
the technical committees are circulated to the member bodies for voting-\‘Publication as

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

drawn to the possibility that some of the elements of this document miay be the subject of p3
shall not be held responsible for identifying any or all such patent rights.

P was prepared by Technical Committee ISO/TC 17, Steel,.Subcommittee SC 16, Steels for
nt and prestressing of concrete.

consists of the following parts, under the general title.Steels for the reinforcement of concret
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Scope
part of ISO 15835 specifies test methods applicable to couplers for mechanical splices of stee

part of ISO 15835 is intended to be applicable in relation to the ‘various standards for stee
as well as in relation to the various reinforced concrete design-standards.

Normative references

following referenced documents are indispensable for the application of this document,
rences, only the edition cited applies. For. undated references, the latest edition of the
iment (including any amendments) applies.

7500-1, Metallic materials — Verification of static uniaxial testing machines
sion/compression testing machines->Verification and calibration of the force-measuring systeri

9513, Metallic materials — Cadlibration of extensometers used in uniaxial testing

15630-1, Steel for the reinforcement and prestressing of concrete — Test methods — Part 1:
, wire rod and wire

15835-1:2009, Steels for the reinforcement of concrete — Reinforcement couplers for mecha
ars — Part 1: Requirements

16020, Stegl for the reinforcement and prestressing of concrete — Vocabulary

3

| reinforcing

reinforcing

For dated
referenced

—  Part 1:
h

Reinforcing

hical splices

Térms and definitions

For the purposes of this part of ISO 15835, the terms and definitions given in 1ISO 15835-1 and ISO 16020

app

ly.
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4 Symbols
See Table 1.
Table 1 — Symbols
Symbol Unit Designation
Agt % Percentage total elongation at maximum tensile force, F, .,
mm Nominal diameter of the reinforcing bar
E MPa? Nominal modulus of elasticity of the reinforcing bar
mm Length of mechanical splice as defined in ISO 15835-1
L, mm Coupler length
Ly mm Gauge length
N — Specified number of load cycles in axial load fatigue test
Rep, spe MPa Specified characteristic (or nominal) yield strength value of the reinforcing blar
AL, mm Calculated elastic elongation of an unspliced bar
AL, mm Total elongation of the spliced bar measured ‘as elongation of the gauge length
AL mm Slip of the mechanical splice
& % Strain at nominal yield strength
20, MPa Stress range for high cycle fatigue test
Omax MPa Maximum stress in the axiaMoad fatigue test
Omin MPa Minimum stress in the(@xial load fatigue test

a 1 MPa = 1|N/mm?2.

5 Testing of mechanical splices

5.1 General

All tests shall be carried out on-mechanical splices assembled in the same manner as they are prepareq

normal use| see 5.2.

The installation instruction“documents for the coupler shall be made available to the testing laboratory.

A referencd bar from.the same heat shall be tested to determine its actual mechanical properties.

The test mgthods covered by this part of ISO 15835 are:

for

a) tensile test;

b) slip test;

c) high cycle fatigue test;

d) low cycle fatigue tests.

The performance of mechanical splices may be dependent on the rib geometry of the steel reinforcing bar.
The specified rib geometry of the test bar shall be provided by the supplier and recorded with the test results.
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The principle of measurement and the geometry for the measuring of elongations is shown in Figures 1 and 2.

Figure 1 — Principle of measurement

F F
s/ /S /ST JAVAAAAAANN S o
P L3 Ly Ly L, L3 N
s L -
- Ly >
Key|
F |applied force
L [length of the mechanjeal splice (as defined in ISO 15835-1)
L4 |coupler length
L, |2d where d isthe-nominal diameter of the reinforcing bar
Ly |in the range,2d to 3d
Ly overall'gauge length, in the range from L, + 8d to L, + 10d
Figure 2 — Definition of lengths for measuring elongations of the mechanical splice

5.2 Preparation of test pieces

The test pieces shall be assembled and prepared according to written installation instructions from the

supplier of the coupler.

The coupler shall be positioned in the middle of the test piece.

The test piece for the tensile test shall be sufficiently long to ensure a free length between the grips of the
testing machine to allow determination of 4. The minimum sufficient free length, in millimetres, of the test
piece for the tensile test is 400 + L, where L is the length of mechanical splice (as defined in ISO 15835-1).
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The test piece for the slip test may have a shorter free length than the test piece for the tensile test. However,
the free length, in millimetres, should not be less than 250 + L.

The gauge length for determining 4, shall, for both bars, be located outside the length of the mechanical
splice (as defined in ISO 15835-1).

The test pieces for the fatigue tests shall be sufficiently long to ensure a free length between the grips of the
testing machine, which is larger than the length of the mechanical splice.

5.3 Tensile test

5.3.1 Gerleral
The strengt]

used for thi

h and ductility are determined by means of a tensile test. The test pieces from the slip‘test ma
b test.

5.3.2 Testing equipment

The testing|equipment shall conform to ISO 15630-1.

5.3.3 Test procedure

The test shall be carried out according to ISO 15630-1.
The Agt in the spliced bar shall be tested and measured according.to ISO 15630-1 outside the length of the
mechanical|splice (as defined in ISO 15835-1) on both sides of thé connection. Both values shall be recorded
and the lardest shall be used to assess conformity.

For the calqulation of stresses, the nominal cross-sectionalarea of the reinforcing bar shall be used.

5.3.4 Failpre mode and location

The IocatiotVL

a)  within

of the failure shall be reported as‘one of the following two locations:

e mechanical splice length-as this is defined in ISO 15835-1;

b) outsidg the mechanical splice’length as this is defined in ISO 15835-1.

The failure (node shall be reported, if requested.

5.4 Slip test

5.41 Gerneral

The slip shallbe measured overall according to Figure 1 If the coupler consists of more than lone

load-transferring part, an additional slip measurement between each load-carrying part should also be taken.
The slip measurement shall be taken as the largest of the overall measurement and the sum of
measurements for each part.

Determine the slip measurement, AL, according to Option 1 of 5.3.1 (in ISO 15835-1:2009), for each position,
by Equation (1):

ALg = ALi —ALg (1)
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The elastic elongation of the unspliced bar, AL, is given by Equation (2)
o
AL = Z xLg (2)
where
o= 4F
nd?
in winfch F 15 the applied force.
For[carbon steel and low-alloy steel reinforcing bars, the value for E shall be taken as 2,0 x 405 MHa.
NOTE By this option a reduced stiffness of the splice is compensated by a stiff couplings The test fesult can, in
spegial cases, be registered as a negative slip.
Detgrmine slip measurement, AL, according to Option 2 of 5.3.1 (in ISO 15835-1:2009), for each|position, by
Equation (3):
ALg = Lg2 _Lg1 3)
whdre
Lgp is the measured length, Ly, after loading;
Lg1 is the measured length, Lg, before loading.
5.4 Testing equipment
Theltensile testing machine to be used shall conform to ISO 15630-1.
Thel extensometer used shall be in accordance with ISO 9513, class 2 or better. The extensometer used to
detgrmine the slip shall be at leasta two-point (averaging) type, but preferably a three-point (averaging) type.
The| slip measurement device shall be rigid enough, and fixed securely, so that the slip can be measured with
an accuracy of not less than, 0;01 mm.
Thig accuracy should:-be checked periodically (e.g. annually and always if there is a change in| the testing
conflitions) by perferming the test on a control bar with the same gauge length. The measurement|accuracy is
conputed as the'sum of the accuracy of the extensometer (as stated by its manufacturer) plus the error that
could be generated by the fixing devices. If the slip measurement is done under load, the measurement
acclrracy is-the' difference between the measured and the calculated elastic elongation. If the measurement is
dong afterload release, the measurement accuracy is the reading after the load is returned to zero|
5.4.3— Testprocedure

The test piece shall be gripped in the testing equipment in such a way that the load is transmitted axially and
as much as possible free of any bending moment on the whole length of the test piece.

The slip measurement should be carried out without any preloading of the test piece. If a small preloading is
unavoidable to clamp the bar, the preloading stress in the bar shall be less than 4 MPa and the corresponding

slip

NOTE 1

measurement, if any, shall be noted and included in the test report.

spliced bars in a structure.

The gauges shall be set to zero after closure of the jaws of the tensile testing machine.

© 1SO 2009 — All rights reserved
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The load cycling for qualification testing shall be carried out in accordance with the principle shown in Figure 3.

NOTE 2

Qualification testing consists of tests carried out to provide the characteristics of the mechanical splice.
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Figure 3 — Slip test load cycling

pr testing of 5.3.1 (in ISO 15835-1:2009) is used;ithe slip shall be measured at a stress equive
0,6ReH, spec: Where Ry gpec is the specified minimum vyield strength of the bar after three
force to be applied shall be determined.using the nominal cross-sectional area of the reinfor
s effectively applied to achieve 0,6R4} spec Shall not deviate by more than + 3 % from this valu

nended maximum speed of leading is 500 MPa/min.

see ISO 15835-1) for testing is used, the elongation of the spliced bar shall be recorded when
ress is reached at the third load cycle. The slip shall be calculated using Equation (1).

see 1ISO 15835:1) for testing is used, the slip can be taken as the length measured after unloa

shall net.be interchanged.
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cycle fatigue test

Principle of the test

The fatigue performance of a mechanically spliced bar will normally be lower than that of the unspliced bar.
The purpose of fatigue testing of mechanical splices for steel reinforcing bars is to determine the fatigue
strength of the mechanical splice.

In the axial load fatigue test, the test piece is subject to an axial tensile force which varies cyclically according
to a sinusoidal wave-form of constant frequency in the elastic range (see Figure 4).
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As an alternative to testing in air, the high cycle fatigue test may be performed with the mechanical splice concreted

into

a purpose-made beam. Conditions, including test procedure, are subject to national provisions.
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Figure 4 — Load cycle diagram{or the high cycle fatigue test

P Testing equipment
fatigue test shall be carried out under force control.

fatigue testing machine shall be calibrated according to ISO 7500-1, the accuracy shall be + 1

% or better,

the machine shall be capable.of-maintaining the upper stress level, o, Within £2 % of the specified

e and the lower stress level-op,;,, Within + 2 % of the specified value.
B Test procedure

B.1  Gripping-oftest piece in the testing equipment

test piece._shall be gripped in the testing equipment in such a way that the force is transmitted
huch as pessible free of any bending moment on the whole test piece.

3.2 Frequency and temperature

axially and

The frequency of load cycles shall be constant during the test and also during the test series. The frequency
shall be between 1 Hz and 200 Hz.

NOTE

A frequency of less than 60 Hz normally gives an acceptable temperature of the samples throughout the test.

The temperature of the test piece shall not exceed 40 °C throughout the test. The temperature in the testing
laboratory should be between 18 °C and 30 °C.

5.5.3.3 Termination of the test

The test is terminated upon fracture of the test piece or upon reaching a specified number of cycles without
fracture.
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If the test piece fails outside the length of the mechanical splice (as defined in ISO 15835-1), the mechanical
splice is still intact and there is enough bar length left for gripping, the test may be continued after re-gripping
the test piece.

5.5.4 S-N diagram
The S-N diagram of a mechanical splice shall be determined by performing a minimum of 12 fatigue tests.

If a range of the same type of mechanical splice is to be tested, the smallest size, the largest size and an
intermediate size shall be tested.

The tests shall be performed at four stress ranges with an upper stress level, o;,,,,, of 0,6R A migirhum

. eH, spec*
of three tesf pieces at each stress range shall be tested.

The stress [ranges selected shall be such that the slope of the two lines forming the S-N diagram can be
generated (see Figure 5).

The values|in the S-N diagram shall be determined by a regression analysis based onrthe lower limits of the
10 % quartile.

log 203

log N

Key
20, stress range for high cycle fatigue test

N  specified number of load cycles in axial load fatigue test

Figure 5 — Typical form of an S-N diagram
NOTE The determination of an S-N diagram is optional and is not required in ISO 15835-1.

5.6 Lowj|cyecle’loading test

5.6.1 Alternating tension and compression test of high stresses in the mechanical splice

The intent of this test is to simulate elastic reverse loading of a reinforcing system during a moderate scale
earthquake (category S1).

The test shall be performed as described hereafter.
The measuring gauge shall be mounted across the mechanical splice.

Loading programme: from zero stress to 0,9Rgy gpec tension and down to 0,5R
alternating 20 times, followed by tensioning the test piece until failure. See Figure 6.

eH, spec IN compression,
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