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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards

bodies (ISO
through ISO

member bodies). The work of preparing International Standards is normally carried out
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 procedpre

described i
different ty
editorial ru

Attention is

tHS€6 O—GEYVEC1oP b GO CHTEH 1o hose—trtended v, i v e "3‘ efratiée are
the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor the

bes of ISO documents should be noted. This document was drafted in accordande\with the
es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document may\be the subjéct of

patent rights. ISO shall not be held responsible for identifying any or all such patént-rights. Detalils of
any patent rjights identified during the development of the document will be in the)Introduction and/or

on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade npme used in this document is information given for the conyvenience of users and doefs not

constitute ah endorsement.

For an explahation on the meaning of ISO specific terms and expressions related to conformity assessment,

as well as ir
Technical B4

The commi

stressed contrete, Subcommittee SC 6, Non-traditional reinforcing materials for concrete structures.

formation about ISO’s adherence to the World TradeOrganization (WTO) principles ip the
rriers to Trade (TBT) see the following URL: wwwiSo.org/iso/foreword.html.

tee responsible for this document is ISO/TE 71, Concrete, reinforced concrete and| pre-
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Te

st methods for fibre-reinforced cementitious

composites — Load-displacement curve using notched
specimen

1

Scope

This| document specifies the test method for the load-displacement curves of fibr
cemgntitious composites (FRCC) by three-point loading of notched prisms. The main, puf

test

NOT

is to evaluate the tension softening curve of FRCC.

K1 Both crack mouth opening displacement (CMOD) and load point displacentent (LPD) ar

the dfsplacement in load-displacement curves, but measurement of both might net-be necessary.
selected depending on the purpose of measurement.

NOT
obse

2
The

B2  Three-point bending test using notched specimen generally,provides higher result
1tved in four-point bending test, in which the fracture occurs at the weakest point of the specim

Normative references

following documents are referred to in the text in“such a way that some or all of 4

constitutes requirements of this document. For dated-references, only the edition cited
unddted references, the latest edition of the referenced document (including any amendme

ISO 1920-3:2004, Testing of concrete — Part 3: Making and curing test specimens

Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO gnd [EC maintain terminological databases for use in standardization at the following z

31

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

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

fibre-reinforced cementitious composite

FRC

¢

concfetelor mortar containing short discrete fibres that are distributed in matrix

Note
natu

3.2

b-reinforced
pose of this

b specified as
Either can be

5 than those
en.

heir content
applies. For
hts) applies.

ddresses:

ral fibres.

ligament
area above the notch subject to fracture

3.3

notch
cut for the initiation of fracture
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4 Symbols
Symbol Unit Description Reference

ao mm depth of notch 5.1
b mm  |width of ligament 51

mm depth of cross section of specimen 51
h mm  |height of ligament 5.1

mm overall length of specimen 5.1
no mm width of notch 51
S mm  |loading span 5.1

5 Testspecimen

5.1 Geometry

=

Specimens ghall be prisms of square cross section with a notch at the mid-lengthds shown in Figufe

a) The crgss sectional size of the specimen shall be fixed with two types for the ease of operpting
as follows: 150 mm x 150 mm and 100 mm x 100 mm. The side length of the cross section qf the
specimgn shall be equal to or larger than three times the fibre lefigth.

The spgcimens with different dimensions provide different:test results even if the same FRCC is
used. These test results should not be compared.

b) The overall length of the specimen (L) shall not be less‘than 3,5 D.

c) The notgch depth (ap) and notch width (ng) shall be'0,3 D and not more than 5 mm, respectively.

1

, (I

e
L -

A
Y

o

Key

1  direction of casting

Figure 1 — Specimen

5.2 Fabrication of specimen

a) The maximum aggregate size shall not be larger than 1/4 of the side length of the cross section of
the specimen.

b) Moulds specified in ISO 1920-3:2004, 5.2.1 shall be used.

2 © IS0 2016 - All rights reserved
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c) FRCC shall be placed in one placing sequence without joints. In case of flowable FRCC, pouring
toward the axial direction from the one side of the mould is recommended. The internal vibrator
and compacting rod/bar shall not be used.

d) The notch shall be cut using a concrete saw when the FRCC has developed sufficient strength.

The notch should be cut in one side that faced the side of the mould. The casting surface becomes
vertical one for loading. It is not necessary to cut the edges of the notch to specific forms, as the
edge shape scarcely affects the test results.

e) The number of specimens shall be not less than six. The tolerances of specimens are +0,5 % for a

side of section

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

5.3 | Loading of specimen

a) $pecimens shall be subjected to testing in a condition immediately aftericompletion of the specified
quring procedure.

b) The direction of loading shall be perpendicular to the direction of casting of the specimen.

c) Theloading span (S) shall be 3 D. The tolerance of the loading(span is +2 %.

6 Testequipment

6.1
A te

Testing machine

bting machine capable of operating in a\controlled manner, i.e. producing a cons

displlacement (CMOD or LPD), and with sufficient stiffness shall be used.

6.2

In or

Loading apparatus

be rgtatable around their axes(nthe direction of the specimen axis. Both supports shall be

rolle

Both| supports should beymovable, as the horizontal movement of the specimen is restr
loading block. Insertifg multiple rods under both supports as shown in Figure 2 is a simple gnd effective

soluf
to pr

spec

© ISO

men in thé horizontal direction.

tant rate of

der to eliminate torsional action on the specimen, the loading block and one of the supports shall

hinged with

s in order to avoid any testraint on the deformation until the specimen completely ruptures.

hined at the

ion for a movable mechanism. In order to ensure the absence of horizontal restraint, itlis advisable
ess the specimen lightly by hand before applying any load to confirm smooth movgment of the
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6.3 Meas
The load sh

better. The load cell shall be fixed to th@sfing machine.

6.4 Meas
The CMOD s

cannot be directly attache

the clip gaug
position of
measuring

Knife-edges

Figure 2 — Loadin §paratus
KN

xO
N
‘\C)

nll be measured using a load c(gl)with an accuracy of 1 % of the estimated peak lo

uring device for load

uring device for C%&Q

hall be measure \g?ng a clip gauge with an accuracy of 1/500 mm or better. If clip g3
Q%lhe notch, knife-edges are used. The thickness of the knife-edges to y

e is attache 1

CMOD s ?De indicated in the test report. Also, if the inverse analysis is conducted

uld be considered.

ositio

hd or

uges
rhich

be not more than 5 mm (Figure 3). If the knife-edges are used, measyiring

, the

psive

the time of adhering. In this case, it is advisable that the portions other than the surfaces receiving the

knife-edges

be covered with a wet cloth or immersed in water to avoid drying.

|1
,

Figure 3 — Knife-edges

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=ea76ce2621776cccb92975337188147c

ISO 19044:2016(E)

6.5 Measuring device for LPD

The LPD shall be measured using displacement transducers as shown in Figure 4. The transducers shall
have an accuracy of 1/500 mm or better. Holder frames, made of aluminium or steel bars, shall be used
in order to eliminate the rigid-body displacement of the specimen and its deformation due to crushing
at the loading and support points. The loose hole shall be made at the one support of the holder frames
in order to avoid the restraint on the axial deformation of the specimen. The measuring points shall be,
as a rule, on both sides of the specimen directly below the loading point using angles. However, if it is
difficult to fix displacement transducers at such points, measurement at the shoulders of the notch near
the bottom centre is permitted.

Key

Ul s W N

d)

(8]

4
5
a) Front view b) Side view
4pecimen
holder frame
dngle
lIpose hole
displacement transducer

Figure 4 — Measuring system of LPD

Test procedure
$et thespecimen on the loading apparatus so that the notch shall be located on the bot

Loadthe specimen continuously and without shock.

tom.

The CMOD (or LPD) shall be increased at a constant rate of 0,05 mm/min. After the CMOD (or LPD)

reach 0,1 mm, the rate may be increased to a constant rate of 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 the range of not substantially affecting the load-displacement

curve, to shorten the testing time, after the post-cracking reductions in the load have
method of such a change in the loading rate shall be reported.

settled. The

Measure the load and CMOD and/or LPD continuously from the beginning through the end of
testing. The intervals between readings by a digital measuring device shall be short enough to
permit 20 or more readings before the peak load is reached. Testing shall be continued until the

© ISO 2016 - All rights reserved
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CMOD or LPD reaches at least 0,04 D or 0,03 D, respectively. It is desirable to continue testing until
the larger CMOD or LPD, when evaluating the fracture properties up to a large deformation.

In the early period of loading during which there is a significant load variation, the values of the load
and the corresponding CMOD or LPD need to be recorded at a rate not less than 5 Hz; afterwards,
the above rate may be reduced to not less than 1 Hz.

e) When the fracture of the specimen is observed not at ligament, the corresponding test data should
be discarded.

f) Measure the width (b) of the broken ligament to the nearest 0,2 mm at two locations and calculate
the average to four Qignifir‘:mf fignrpc

g) Measurg the height (h) of the broken ligament to the nearest 0,2 mm at two locations and.calcplate
the average to four significant figures.

h) Expresq the load-CMOD curve or load-LPD curve as averages of at least six specimens. To avé¢rage
the load-CMOD curves (or load-LPD curves), calculate the average of the loads‘on’specimeng at a
given displacement. In this procedure, the intervals between displacements-shall be similar tp the
intervals between measurements specified in d).

8 Calculations

The tension|softening curve can be estimated following Annex A.

9 Testre¢port

The test replort shall include the following items:
a) FRCC cqmposition;

b) type anfl dimensions of fibre;

c) volumeffraction of fibre;

d) curing qonditions and history;

e) date of mixing, notching, and lpading;

f) type of Joading machine;

g) loadingspan;

h) mass of{loadingyjig;

i) number|of’Specimens;

j) identification of the test specimen;

k) geometry of the specimen;

1) mass of the specimen;

m) height and width of ligament;

n) loadingrate;

0) measuring position of CMOD;

p) load-CMOD curve and/or load-LPD curve;

q) tension softening curve.

6 © IS0 2016 - All rights reserved
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Annex A
(informative)

Method of estimating tension softening curve

but does not

broximation
on notched
presses the
bss, which is

fermined in

L shows the
5 numerical

A.1 General

This|annex is intended to complement matters related to the provisions of the body textl
form|a portion of the provisions.

This|annex specifies a method of estimating a tension softening curve by poly:linear ap
using the data of load-displacement curves obtained from mode I stable failure testing
speclmens. The tension softening curve determined by this method is_a‘curve that ex
relatjonship between the crack mouth opening displacement (CMOD) and_the cohesive str¢
employed for the analysis of mode I concrete fracture by fictitious crack-model.

A.2 | Load-displacement curve

The [load-displacement curve to be used for analysis shall be a load-CMOD curve de
accordance with this document.

A.3 | Estimation of tension softening curye

The tension softening curve shall be estimated by poly-linear approximation. Figure A.
analysis flow of poly-linear approximation. Because poly-linear approximation include
calcylation, a program with confirmed-reliability shall be used for the analysis.

An example of the inverse analysis program can be downloaded at following URL:
httpy//www.jci-net.or.jp/j/jci/study/jci_standard/estimation_frcc.html

© ISO 2016 - All rights reserved
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Load -displacement curve of mode 1 fracture
Correction of
Element data elastic modulus

After (Node, Element number, Elastic modulus, etc.)
correcting
elastic \1,
modulus

Calculation of coefficient of crack equation

Determination of elastic modulus
Determination of initial cohesive stress
> Start i=1

I=1+1

S| Assumption of tension softening diagram between (/-1) th point

and 7th point

=

Propagation of crack to, ith*point

Crack propagation analysis

Calculation of load and'displacement at /th point

Error tolerance = No

|Ana. value - Exp. value|

Determination of crack opening
displacement at 7th point

No

Rupture of specimen

End

Figure A.1 — Example of flow chart of poly-linear inverse analysis method
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