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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.

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

The main task of technical committees is to prepare International Standards. Draft International Standards 
adopted by the technical committees are circulated to the member bodies for voting. Publication as an 
International Standard requires approval by at least 75 % of the member bodies casting a vote.

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

ISO 15698-2 was prepared by Technical Committee ISO/TC 17, Steel, Subcommittee SC 16, Steels for the 
reinforcement and prestressing of concrete.

ISO 15698 consists of the following parts, under the general title Steel for the reinforcement of concrete 
― Headed bars:

— Part 1: Requirements

— Part 2: Test methods
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Steel for the reinforcement of concrete — Headed bars —

Part 2: 
Test methods

1 Scope

This part of ISO 15698 specifies test methods applicable to headed steel bars to be used as reinforcement of 
concrete structures.

This part of ISO 15698 is intended to be applicable in relation to the various reinforced concrete design 
standards, as well as in relation to the various standards for steel reinforcing bars.

Testing of headed bars under impact loading is outside the scope of this part of ISO 15698.

2 Normative references

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

ISO 898-1, Mechanical properties of fasteners made of carbon steel and alloy steel — Part 1: Bolts, screws and 
studs with specified property classes — Coarse thread and fine pitch thread

ISO 1920-3, Testing of concrete — Part 3: Making and curing test specimens

ISO 1920-4, Testing of concrete — Part 4: Strength of hardened concrete

ISO 4965, Axial load fatigue testing machines — Dynamic force calibration — Strain gauge technique

ISO 6935-1, Steel for the reinforcement of concrete — Part 1: Plain bars

ISO 6935-2, Steel for the reinforcement of concrete — Part 2: Ribbed bars

ISO 7500-1, Metallic materials — Verification of static uniaxial testing machines — Part 1: Tension/compression 
testing machines — Verification and calibration of the force-measuring system

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

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

ISO 15698-1:2012, Steel for the reinforcement of concrete — Headed bars — Part 1: Requirements

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

ISO 22965-2, Concrete — Part 2: Specification of constituent materials, production of concrete and 
compliance of concrete

3	 Terms	and	definitions

For the purposes of this document, the terms and definitions given in ISO 15698-1 and ISO 16020 apply.
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4 Symbols

For the purposes of this document, the symbols in Table 1 apply.

Table 1 — Symbols

Symbol Unit Designation
DH,max mm The head’s major dimension (ISO 15698-1)

N - Specified number of load cycles in axial load fatigue test

ReH,spec MPa Specified characteristic (or nominal) yield strength value of the reinforcing bar
d mm Nominal diameter of the reinforcing bar

2σa MPa Stress range for high-cycle elastic fatigue loading test

σmax MPa Maximum stress in axial load fatigue test

σmin MPa Minimum stress in axial load fatigue test

lb mm Required bond length for the reinforcing bar
c mm Concrete cover to the bar head

cd mm Clearance between reinforcing bar and wedge hole
b mm Width of concrete specimen

ha mm Height of concrete specimen type a

hb mm Height of concrete specimen type b

αA - Aspect ratio between the minor and the major head dimension (ISO 15698-1)
δ mm Anchor head movement
w mm Clearance between supports

1 MPa = 1 N/mm2

5 Load transfer tests

5.1 General

This clause specifies methods for testing the capability of transmitting a specified force to the surrounding 
concrete through headed reinforcing bars and to determine anchorage characteristics. The tests are tensile 
tests, intended for the verification of:

a) size and shape of head bearing area;

b) stiffness of the anchorage;

c) strength of the head-to-bar connection in realistic conditions;

d) required additional bond length and the composite action of head and bond (for heads of Category B1 only).

The tests are intended for qualification testing of headed reinforcing bars in order to determine the category 
to which they belong. The test with the head embedded in concrete is not limited to failure in the head-to-bar 
connection or in the bar itself, but does also include the surrounding concrete with respect to crushing or 
excessive non-elastic deformation.

All tests shall be carried out on headed bars produced or assembled in the same manner as they are prepared 
for normal use in construction. Each test shall comprise a minimum of three specimens.

5.2 Testing machine

The testing machine shall be verified and calibrated in accordance with ISO 7500-1 and shall be of class 1 or 
better, or of a corresponding class in accordance with an equivalent recognized standard.

The force range of the testing machine shall be suitable for the expected failure force of the test piece.
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The test with the specimen embedded in concrete and the test in air may be carried out vertically or horizontally 
depending on the testing machine. All four sides of the concrete specimen have to be visitable.

5.3 Testing procedure

The specimen shall be placed on the bearing plate, provided with a central hole, of the tension device as 
specified below. The tension force shall be applied to the protruding end of the reinforcing bar.

During the testing of concrete specimens, cracks in the concrete surface shall be observed and recorded.

If the test specimen fails in the gripping zone, and the head-to-bar connection is still intact, the test may be 
continued after re-gripping the test specimen.

5.4 Measurements and measurement equipment

The following measurements shall be taken:

a) the applied force shall be measured with an accuracy of ± 1 % or better;

b) the strain in the reinforcing bar shall be measured with an accuracy of ± 5 % or better and additionally for 
the concrete test specimens;

c) the head displacement shall be measured by an extensometer of Class 1 or better according to ISO 9513, 
or of a corresponding class in accordance with an equivalent recognized standard.

The strain in the reinforcing bar shall be measured according to ISO 15630-1 or an equivalent recognized standard.

The results shall be recorded.

5.5 Test set-up with the headed bar embedded in concrete

5.5.1 Geometry and set-up

The concrete test specimen shall be a prism of concrete where the headed bar is located in the centre of the 
prism. The headed bar shall consist of the full cross-section of the bar as-rolled with a head attached to one 
end of the reinforcing bar and cast into the concrete prism. The concrete prism shall have a square cross-
section. The specimen shall be placed in the testing machine as shown in Figure 1. The specimen shall be 
supported concentrically with the longitudinal axis of the reinforcing bar. The free end of the reinforcing bar, 
without a head attached, shall be gripped by the testing machine.

For heads of Categories B2 and B3, the test set-up shown in Figure 1 a) applies. The reinforcing bar is provided 
with a plastic tube or similar, in order to prevent bond and allow the full applied force to be anchored by the head.

For heads of Category B1, a portion (lb) of the bar, corresponding to the required bond length shall be embedded 
in concrete. The remaining embedded portion of the reinforcing bar shall be provided with a plastic tube or similar.

For heads of Category B1, the surface geometry of the reinforcing steel to be tested shall be described in 
terms of surface condition (rust, etc.) and relative rib area in accordance with ISO 6935-2 and measured 
in accordance with ISO 15630-1. All the parameters required for calculating the relative rib area (or relative 
indentation area) shall be measured and recorded.

The tube shall fit with a clearance of about 1 mm around the bar and its thickness shall not exceed 2 mm.

In order to measure the head displacement (i.e. stiffness of the anchorage) and indicate possible crushing, a 
steel pin shall be attached to the bar head. The steel pin shall protrude out of the concrete surface as shown in 
Figure 1 and be provided with a plastic tube or similar in order to prevent bond to the concrete.

The dimensions of the test specimens are given in Table 2.
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Table 2 — Test specimen dimensions in mm a

Bar diameter d 16 20 25 28 32 40 50 57

Width of concrete specimen (both sides) b 290 300 350 370 400 450 500 530

Height of concrete specimen type a ha 360 400 450 470 500 600 680 750

Height of concrete specimen type b hb ha + lb
Concrete cover to bar head c 40
a The dimensions for other diameters may be found by interpolation and extrapolation.

NOTE The experience of testing bars with diameters larger than 32 mm is limited. To use the test method for such 
large diameters, a type testing programme should be performed to evaluate the applicability of the test method. Note that 
the specimens weigh from about 85 kg to about 500 kg.

The concrete test specimen shall be supported and 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.

The concrete test specimen shall be provided with reinforcement in order to prevent premature splitting of the 
specimen. The reinforcement shall consist of straight small-diameter reinforcing bars positioned crosswise 
at both sides of the headed bar evenly distributed over the distance b from the head downwards. The total 
necessary reinforcement at each side and in each direction is given in Table 3.

Table 3 — Reinforcement in the concrete test specimen a

Headed bar diameter mm 16 20 25 28 32 40 50 57

Reinforcement at each side and in each direction mm2 100 150 200 250 390 560 800 1 000

Recommended maximum reinforcing bar size mm 8 8 8 8 10 12 16 16
a Intermediate values may be found by interpolation.

NOTE The necessary confinement reinforcement is based on a specimen with a Grade 500 headed bar with a 
maximum tensile strength of 775 MPa (upper region) and an allowable stress in the confinement reinforcement of 200 MPa. 
The total amount of confinement reinforcement is four times the values in Table 3.

If splitting of the concrete specimen occurs, the test may be repeated with an amount of splitting reinforcement 
increased to a feasible amount, just enough to avoid splitting. The new amount of reinforcement shall be stated 
in the test report.
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a)

b)

Key
1 pin for measurement of head displacement
2 sleeve for prevention of bond
3 sleeve for prevention of bond
h height of specimen
b width of specimen in both directions
c concrete cover to head

Figure 1 — Set-up for testing with heads embedded in concrete

5.5.2 Concrete material and making of the concrete test specimen

The manufacturer shall specify the concrete strength of the test specimen.

The concrete shall be made of well-graded aggregates with a maximum aggregate size of 16 mm. Compaction 
is carried out to the same degree as for the cubes or cylinders used for the control of the strength of concrete.

The concrete strength shall be verified by cylinders or cubes from the same batch and tested at the same 
age as the concrete test specimen. The concrete strength shall be determined according to ISO 1920-4 and 
classified according to ISO 22965-2.

The making and curing of the concrete test specimens shall be performed according to ISO 1920-3 or an 
equivalent recognized standard to the extent that the requirements are relevant and not in conflict with this part 
of ISO 15698. The test shall preferably be executed after 28 days.
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