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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.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria neededfof
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Steels for the reinforcement of concrete — Reinforcement
couplers for mechanical splices of bars —

Part 2:
Test methods
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Scope

5 document specifies test methods applicable to couplers for mechanical splice
forcing bars.

5 document is applicable to the various standards for steel reinforcing\bars as well as {
forced concrete design standards.

Normative references

following documents are referred to in the text in suc¢h“d way that some or all of th
Stitutes requirements of this document. For dated references, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

6892-1:2016, Metallic materials — Tensile testing.— Part 1: Method of test at room tempen
9513, Metallic materials — Calibration of exténsometer systems used in uniaxial testing

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

15835-1, Steels for the reinforcement of concrete — Reinforcement couplers for mechanic
b — Part 1: Requirements

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

Terms and definitions
the purposes/of this document, the terms and definitions given in ISO 15835-1 and ISO 1
and I[EC\maintain terminological databases for use in standardization at the following ad

[SOOnline browsing platform: available at https://www.iso.org/obp

s of steel

he various

bir content
pplies. For
[s) applies.

ature

Reinforcing

1l splices of

020 apply.

dresses:

4

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

Symbols

Table 1 — Symbols

Symbol Unit Designation

Agt % Percentage total elongation at maximum tensile force, Fiax

d mm Nominal diameter of the reinforcing bar

E MPaa Nominal modulus of elasticity of the reinforcing bar

a

1 MPa=1N/mm?2.
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Table 1 (continued)

Symbol Unit Designation
L mm Length of mechanical splice as defined in ISO 15835-1
Ly mm Coupler length
Lg mm Gauge length for the measurement of slip
Lo mm Gauge length for conducting the low-cycle loading test
N — Specified number of load cycles in high-cycle fatigue test
Specified characteristic (or nominal) yield strength value of the
Ren, spe MPa reimforcimgbar
AL mm Calculated elastic elongation of an unspliced bar
AL mm Total elongation of the spliced bar measured as elongation ofthe
gauge length
ALg mm Slip of the mechanical splice
ALt mm Gauge length extension under load
gy % Strain at nominal yield strength
20, MPa Stress range for high-cycle fatigue test
Omax MPa Upper stress in the axial load fatigue test
Omin MPa Lower stress in the axial load fatigue fest
a 1 MPaf= 1 N/mm?2.
5 Testing of mechanical splices
5.1 General
The test mgthods covered by this document are asfollows:
a) tensildtest (see 5.3);
b) slip tegt (see 5.4);
c) high-cycle fatigue test (see 5.5);

d) low-cy

A referenc
testing, for
reinforcing
bar shall b

For the cal

cle loading test (see 5.6).

e bar shall always-be tested in the case of qualification testing and continuous indepenc
each test exeept the fatigue test. The reference bar shall be taken from the same lengt|
bar as used.in the test splice. Where different diameters are used in a splice, the referg

e taken ffom the smaller bar diameter of the splice.

Culation of stresses, the nominal cross-sectional area of the reinforcing bar shall be used

lent
h of
nce

For couple
with the m
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anufacturer’s instructions.

The temperature in the testing laboratory should be between 10 °C and 30 °C.

5.2 Preparation of test pieces

erednce

All tests shall be performed on mechanical splices prepared and assembled in the same manner as they
are prepared for normal use, according to written installation instructions from the supplier of the
coupler. The installation instruction documents for the coupler shall be made available to the testing
laboratory.

The couple

r shall be positioned approximately in the middle of the test piece.

© ISO 2018 - All rights reserved
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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 the determination of Agt. The minimum sufficient free length of the
test piece for the tensile test is 400 mm + L, where L is the length of mechanical splice (as defined in
ISO 15835-1). The length L3 for determining Ag¢ shall, for both bars, be located outside the length of the
mechanical splice (as defined in ISO 15835-1). This free length may, however, be reduced if the stroke
of the testing machine is too short to accommodate the test piece, as long as it remains possible to
measure Agt over the gauge length specified in ISO 15630-1.

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 shall not be less than 250 mm + L.

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.

The geometry for the measurement of elongations is shown in Figure 1.

L
Lg
F wrrrrrrrrr] ST Y YSYSy Fo
T T B9 7 7 77 7 77 7
Ly L, _ L, ‘ L, Ls
Key

F |applied force

L |length of the mechanical splice (as defined«in’ISO 15835-1)

L1 |coupler length

Ly |2d where d is the nominal diametef of'the reinforcing bar

L3 |minimum free length for the measurement of Agt (as defined in ISO 15630-1)
Lg |gauge length for the measurement of slip

Figure 1 — Definition of lengths for measuring elongations of the mechanical splice

5.3| Tensile.test

5.3/1 General

The sttength and ductility are determined by means of a tensile test. The test pieces from the slip test
may be used for this test.

5.3.2 Testing equipment

The testing equipment shall conform to ISO 15630-1.

5.3.3 Test procedure
The test shall be performed in accordance with ISO 15630-1.

The Agt in the spliced bar shall be tested and measured in accordance with ISO 15630-1 outside the
length of the mechanical splice (as defined in ISO 15835-1) on both sides of the connection. Both values
shall be recorded and the larger shall be used to assess conformity. However, if the length of the test

© ISO 2018 - All rights reserved 3
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piece has been reduced to accommodate the stroke of the testing machine, the Agt may be measured on
only one side of the connection. If an extensometer is used, the bar shall still be marked so that manual
measurement remains possible.

When a transitional coupler is tested, Agt, is only measured on the smaller bar.

5.3.4 Failure mode and location

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

a) within

the mechanical splice length as defined in ISO 15835-1;

b) outsid
5.4 Slip

54.1 Ge

The slip sh
gauge leng

q

NOTE
mechanical

5.4.2 Te
The tensilg

The exteng
the axis of

The slip m
with an ac
accordancg

543 Te

The load c}
Figure 2.

e the mechanical splice length as defined in ISO 15835-1.
test

neral

nll be measured by an arrangement of extensometers which are at 1€éast dual averaging.

Jome types of extensometers have a fixed gauge length, which may not be equal to the length L o

splice as defined in ISO 15835-1. In case of choice, a shorter gauge\length is preferable.

sting equipment
testing machine to be used shall conform to ISQ.25630-1.

ometer used shall be in accordance with 1S©-9513, class 1 or better. The distance betw
measurement and the axis of the splice should be minimized.

easurement device shall be rigid and fastened securely, so that the slip can be measu
curacy of not less than 0,01 mm.:The uncertainty of measurement shall be determine
with ISO 6892-1:2016, Annex J.

5t procedure

rcling for qualificatiomtesting shall be performed in accordance with the principle show

0.6 ReH,spec

The

Lh of the extensometers shall be between L1 + 2d and L1 + 6d, as cloSe to L1 + 2d as possilple.

the

een

red
d in

Key
1
2

stress for option 1 measurement
stress for option 2 measurement

0,02 ReH,spec

0.0 ReH,spec

o stress

t time

Figure 2 — Load cycle diagram for the slip test
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The test piece shall be gripped in the testing equipment so 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 shall be conducted with the minimum possible pre-load applied to the test
piece before the extensometer is attached. Any load applied to the sample during gripping before the
attachment of the extensometer shall not exceed 10 MPa.

NOTE Preloading of the test piece will normally take most of the slip out. A preloading does not normally
occur for spliced bars in a structure.

The initial gauge length shall be measured after gripping the sample in the tensile testing machine.

The load applied to 0,6ReH, spec shall not deviate from the theoretical load by more than £3%.

Thg recommended maximum speed of loading is 500 MPa/min.

5.4}4 Evaluation of slip under Option 1 as defined in ISO 15835-1

If dption 1 is used, the elongation of the spliced bar shall be recorded\when the specified stress
equfivalent to 0,6RcH, spec is reached. The slip shall be calculated using Férmula (1).

AL =AL, —AL, (1)

wheére AL is the gauge length extension under load.
The elastic elongation of the unspliced bar, AL, is givendbyFormula (2).

o

ALy =XLg (2)
whére
o= 4F
nd?

in which Fis the applied force.
For|carbon steel and low-alloy steel reinforcing bars, the value for E shall be taken as 2,0 x 1p5> MPa.
NOTE By this optiofn-areduced stiffness of the splice is compensated by a stiff coupling. The test result can,

in special cases, be régistered as a negative slip. This is not a problem and simply means that the|mechanical
splige is stiffer than‘the bar.

5.4/5 Evaluation of slip under Option 2 as defined in ISO 15835-1

If Oﬁtion 27is used, the elongation of the spliced bar shall be recorded when the load has be¢n released

to thé-minimum defined in 5.4.3. The slip shall be calculated using Formula (3).
where

Lgy is the measured length, Lg, after load release;
Lg1 is the measured length, Lg, before loading;

AL is the elastic elongation of the unspliced bar under the stress 2 at load release, as defined by

Formula (2).

© IS0 2018 - All rights reserved 5
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5.5 High-cycle fatigue test

5.5.1 Principle of the test

The high-cycle fatigue test shall be conducted in accordance with ISO 15630-1. The testing parameters

specified in ISO 15835-1 are illustrated in Figure 3.

2 ] /_\
/ <
3 Y
t
Key
1 load cygle stress
2 upper dtress level omax time
3  lower stress level opin
4  stress rpnge (20,)
Figure 3 — Load cycle diagram for the high-cycle fatigue test

The test is[terminated upon fracture of the test piece or upon reaching the specified number of cy

A

Y

without fracture.

If the test

piece fails outside the length (©f;'the mechanical splice (as defined in ISO 15835-1),

cles

the

mechanical splice is still intact and there is enough bar length left for gripping, the test may be continued

after re-gr

5.5.2 S§-N diagram

The S-N dig

The tests {
minimum

The stress
determine

pping the test piece.

gram of a mechanigal splice shall be determined by performing a minimum of 12 fatigue tq

hall be perforsied at four stress ranges with an upper stress level, omax, of 0,6ReH, spd
f three test/pieces at each stress range shall be tested.

sts.

c A

ranges.selected shall be such that the slope(s) of the line(s) forming the S-N diagram cam be
1. Ah.example of an S-N diagram showing two slopes is given at Figure 4.

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

NOTE The determination of an S-N diagram is optional and is not required in SO 15835-1.
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log 203

Key
20,

5.6
Thd
Thd

Twq

log N

stress range
specified number of load cycles

Figure 4 — Example of an S-N diagram

Low-cycle loading test

intent of this test is to simulate an earthquake.

loading sequence applied to the test piece shall consist of four consecutive stages (see Figure 5):

Stage 1: From zero stress to 0,9ReH, spec in tension then down to 0,5Rey, spec in compres
load control, repeated 20 times, followed by stage 2.

Stage 2: Loading up to twice the calculated strain at nominal yield load (assuming E = 2
under strain control measured by an extensometer placed on the free length of the b3

cion, under

x 105 MPa)
r, followed

by downloading to 0,5ReH, spec in.compression under load control, repeated four times, followed by

stage 3.

Stage 3: Loading up to five.times the calculated strain at nominal yield load under str

hin control

measured by an extensometer placed on the L3 portion of the reinforcing bar, f¢llowed by

downloading to 0,5ReH:¢pec in compression under load control, repeated four times, f
stage 4.

Stage 4: Loadjng-of the test piece to failure, under load control.
extensometers are required to perform this test.

The gauge used to measure the bar strain, g, shall be placed on the L3 portion of the
bar (as defined in Figure 1), with a gauge length L¢ that generally follows the recomm

pbllowed by

einforcing
bndation of
the risk of

IS0 15630-1 for the measurement of Agt. It may, however, be reduced to 50 mm to reduce

buckling ot the test piece.

— The gauge used to measure the residual elongation after the first 20 cycles, uzo, (see Figure 5) shall

be placed across the mechanical splice, with the same gauge length Lg as for the slip test

(see 5.4.1).

Care shall be exercised in conducting this test. The test piece could become damaged under the reversed
loading and could buckle during the compression phases. It could break into several parts, or buckle to
the extent that instrumentation is damaged.

The recommended maximum speed of loading is 60 MPa per second when under load control, as per
ISO 6892-1, and 0,000 3 s-1 when under strain control (this figure is based on an equivalent stress rate
of 60 MPa per second with an elastic modulus, E, of 2 x 105 MPa).
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