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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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INTERNATIONAL STANDARD ISO 21914:2019(E)

Test methods for fibre-reinforced cementitious
composites — Bending moment — Curvature curve by
four-point bending test

1 Scope

This|document specifies the test method for obtaining bending moment-curvature cuxyes of fibre-
reinforced cementitious composites (FRCCs) through four-point bending test of prismrspecjmens.

It is gpplicable to FRCCs that show separated multiple cracks under pure bending before magkimum load.

NOTH Separated multiple cracks means two or more independent cracks visiblé\to'the eye ocqurring in the
constlant moment span from the bottom side over half depth of the specimen before maximum load i§ observed, as
shown in Figure 1. For the purpose of confirmation of cracks, spraying up the specimen surface using an alcohol
solutfon or acetone makes observations easier. The formation of multiple ¢raeks is associated with deflection
hard¢ning behaviour. For FRCCs that do not show separated multiple cracks;see ISO 19044.

Pi2 P/2 P12 P12 PI2 P/2 P2 P/2

a) Applicable b) Not applicable

1  constant moment span

2 crackvisible to the eye

3 crack

4  crack (out of constant moment span)
P applied load

Figure 1 — Cracking in FRCCs covered by this document

© IS0 2019 - All rights reserved 1


https://standardsiso.com/api/?name=1dbb18dd32bc63212ee4955fe2072840

ISO 21914:2019(E)

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements 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.

1SO 1920-3:—1), Testing of concrete — Part 3: Making and curing test specimens

1SO 1920-4:—3), Testing of concrete — Part 4: Strength of hardened concrete

3 Terms.and definitions

For the purposes of this document, the following terms and definitions apply.
ISO and [EC|maintain terminological databases for use in standardization at the following.addressges:

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

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

31
fibre-reinforced cementitious composite
FRCC
concrete or mortar containing short discrete fibres distributed throtighout matrix

Note 1 to entry: Fibres include man-made fibres (e.g., metallic fibrés;’inorganic fibres, synthetic fibres) and
natural fibres.

3.2
average strjain
ratio of axial deformation to gauge length

3.3
average cufpvature
gradient of qverage strains (3.2) in constant moment span

4 Symbols
See Table 1.
Table 1 — Symbols
Symbol Unijt Description Subclause
b mm  |width of cross-section of specimen 5.1
D mm  |depth of cross-section of specimen 5.1
d, mm  |distance between two LVDTs 6.4
L mm |overall length of specimen 5.1
M N-mm |bending moment 8
P N applied load 8
S mm |specimen span 6.2
e . average strain calculated by measured displacement of 3
1 upper LVDT =
e o average strain calculated by measured displacement of 3
z lower LVDT =

1) Under preparation. (Stage at the time of publication: ISO/DIS 1920-3:2018.)
2) Under preparation. (Stage at the time of publication: ISO/DIS 1920-4:2018.)

2 © IS0 2019 - All rights reserved
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Table 1 (continued)

IS0 21914:2019(E)

Symbol Unit

Description

Subclause

[0} mm~1 |average curvature

8

5 Testspecimens

5.1 Geometry

Specimens shall be prisms of square cross-section as shown in Figure 2.

a)

b)

Key

5.2
a)

q

q

han three times the fibre length.

The overall length of the specimen shall not be less than 3,5 D.

A

D

Y

=)

The cross-sectional dimensions of the specimen shall be either 150 mm 2150 mm or
100 mm x 100 mm. The side length of the cross-section of the specimen shall be'equal to or larger

$pecimens with different dimensions provide different test results even)ifthe same FRCC is used.
Test results from specimens of various sizes should not be compared.

A

A

lirection of casting

Fabrication of specimen

1

hle'specimen.

Figure 2 — Test specimen

Thednaximum aggregate size shall not be larger than 1/4 of the side length of the crogs-section of

b) Moulds specified in ISO 1920-3:—, 5.2.1, shall be used.

c) FRCC shall be placed continuously without joints. In case of flowable FRCC, pouring along the axial
direction from one end of the mould is recommended. Internal vibrator and compacting rod/bar
shall not be used.

d) The dimension tolerance for the specimen cross-section is 0,5 %.

e) The mass of specimen shall be measured to the nearest 0,05 kg.

f) The number of specimens shall not be less than six. When the number of specimens that do not show
separated multiple cracks (see Clause 1) is more than one third of the total number of specimens,
this document shall not be applied to that FRCC.

© IS0 2019 - All rights reserved
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For FRCCs that do not show separated multiple cracks, see ISO 19044.

5.3 Loading of specimen

le of
le to

a) The specimen shall be subjected to testing immediately after completion of the specified curing
procedure.

b) The specimen shall be tested in a position rotated 90° along its longitudinal axis with respect to
the casting position.

c) The specimen span shall be 3 D with a tolerance of +2 %.

6 Testequipment

6.1 Testing machine

A testing miachine complying with ISO 1920-4:—, 4.2.1, shall be used. A testing machine capal

operating in a controlled manner, i.e. producing a constant rate of displacement is also allowalj

be used.

6.2 Loading apparatus

The device f{
rollers (indi
one of the g
test specimg

NOTE Fil

Both botton
at the loadi
effective so
advisable tof

of the specifnen in the horizontal directioh.

;Lg block. Inserting multiple rods under both supports as shown in Figure 3 is a simplg

or applying loads shall consist of two upper rollers (indicated by 4 in Figure 3), two 1
cated by 6 in Figure 3), and two supports (indicatéd\by 7 in Figure 3). Each roller, e}
wer ones, shall be capable of being inclined in a plane normal to the longitudinal axis
bn. Cup cone type of roller connections may be used instead of rollers.

pure 3 shows a typical example of the loading apparatus.

W supports should be movable, as the horizontal movement of the specimen is restrg

tion for a movable mechanismInvorder to ensure the absence of horizontal restrainf
press the specimen lightly by hand before applying any load to confirm smooth move

bwer
kcept
f the

1ined
e and
, it is
ment
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'~ ldl
Key
1 machine head
2 lpad cell
3 nound bar
4 ypper roller
5 dpecimen
6 lpwer roller
7  dupport

Figure-3 — Example of loading apparatus

6.3 | Measuring device for average curvature

The curvature measusing equipment shall consist of two linear variable displacement
(LVDTs) and jigs dsed for fixing LVDTs to the specimen. LVDTs having an accuracy of 1
betté¢r shall be uséd for measuring the axial deformation of test specimen.

LVDTs shallkbe’set to measure axial deformation in the constant moment span at positions ¢
0,85|D from the lower surface of the test specimen as shown in Figure 4. The contact leng
shall|be-equal to the pure bending span length (S / 3). The distance between two LVDTs s}

transducers
500 mm or

0,15 D and
th of LVDTs
1all be 0,7 D.

As shiowmr i Figure 5, the tVD Tsshattbeset viajigs to attow their rotatiom during testi
likely that such rotation is restricted.

g when it is

NOTE1 Figure 6 shows typical examples of the jigs to set LVTDs. Other measuring equipment is applicable if

the required accuracy is satisfied.

NOTE 2  Three or more LVDTs can be set to estimate the distribution of average strains.
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Key
1
2

Key
1

1
LQO <
Q \
N 2 Q
S _ /
24 R
S s/3 |

constant{TMOMent span
position jof LVDTs

Figure 4 — Setup of LVDTs

pi-type VDT

Retation bearing Rod end

Figure 6 — Examples of jigs

Test procedure

Set the specimen on the loading apparatus as the casting surface shall be located on the side.
Load the specimen continuously and without shock.

The loading head of the testing machine shall be moved at a constant rate of (0,3 * 0,2) mm/min.

Though it is desirable to keep the loading rate constant from the beginning through the end of
testing, it can be increased within a range that does not affect substantially the bending moment-

© ISO 2019 - All rights reserved
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curvature response, once the specimen is exhibiting a softening behaviour. The meth
change in the loading rate shall be reported.

d) Measure the load, and axial deformations by LVDTs, continuously from the beginning

od of such a

through the

end of testing. The interval of digital measurement shall be not more than 5 seconds. A one-second
intervals is recommended. Testing shall be continued until further loading leads to significant

opening of one crack.

e) When damage of the specimen concentrates outside of constant moment span, the corresponding

test data should be discarded.

8 Calculations
The bending moment and average curvature shall be calculated using Formulae (¥))and ([2) to obtain
the bending moment-curvature curve. Tensile strength and average ultimate, tenisile stfrain can be
estimated following Annex A.
M= L) (@)
2 3
=11 @)
0
NOTH The average strain is the ratio of axial deformationto gauge length, without a unit. The location of
neutral axis can be calculated from average strains.
9 Testreport
The test report shall include the following items:
a) [IFRCC composition;
b) {type and dimensions of fibres;
c) Yolume fraction of fibres;
d) ¢uring conditions and.history;
e) date of mixing andloading;
f) type of loading machine;
g) 9$pecimen*span;
h) 1|1umber of specimens;
i) identification of test specimen;
j) geometry of specimen;
k) mass of specimen;
1) loading rate;
m) number of separated cracks in constant moment span;
n) maximum load;
0) maximum bending moment;
p) average curvature at first cracking;
© IS0 2019 - All rights reserved 7
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q) average curvature at maximum load;
r) bending moment-curvature curve.

NOTE Bending moment-average strain curves can be also reported.
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