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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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Test method for fibre-reinforced cementitious
composites — Load-deflection curve using circular plates

1 Scope

This document specifies a test method for evaluating flexural performance of fibre-reinforced
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3.1
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plot

Terms and definitions

deflection curve obtained by testing a circular specimen supported on a concent
bd by another ring with a smaller diameter. The performance of FRCCs tested-by th
hcterized for biaxial properties.

test method provides for the determination of first-cracking load and the'correspond
brovides for the determination of specimen toughness based on the aréa under the loa
e up to the deflections at the first-cracking and peak loads. For detérmining the toug
est method is intended primarily for use with FRCCs that exhibit.deflection hardenin
test method is not intended for materials that exhibit deflection=softening behaviour.

following documents are referred to in the text in"stich a way that some or all of t
fitutes requirements of this document. For dated“references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

920-3:2004, Testing of concrete — Part 3: Making and curing test specimens

920-4, Testing of concrete — Part 4: Strength of hardened concrete

he purposes of this docurment, the following terms and definitions apply.
nd IEC maintain terminological databases for use in standardization at the following z

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

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

rdeflection curve
pftoad versus net deflection (3.2) obtained from the test of a flexural circular specime

d from the
ic ring and
s method is

ng stress. It
d-deflection
hness value,
o behaviour.

heir content
applies. For
hts) applies.

ddresses:

|

3.2

net deflection
deflection measured at the centre of a flexural circular specimen exclusive of any extraneous effects due
to seating or twisting of the specimen on its supports or deformation of the support and loading system

3.3

toughness
energy absorbed by the specimen equivalent to the area under the load-deflection curve (3.1) between
the load and a specified net deflection (3.2)
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3.4
equibiaxial flexural strength
stress that a material is capable of sustaining when it is subjected to an equibiaxial stress state

Note 1 to entry: This equibiaxial stress state is caused by the pure biaxial flexure of the circular specimen loaded by
the inner loading ring and outer support ring. The equibiaxial flexural strength is calculated from the first-cracking
load (3.5) of a biaxial test carried to rupture, the original dimensions of the test specimen and Poisson’s ratio.

3.5
first-cracking load
load value on the load-deflection curve (3.1) at the end of linear elasticity, at which cracking initiates

3.6 J
first-cracking deflection
O¢
net deflectiop (3.2) value on the load-deflection curve (3.1) at the first-cracking load (3.5)

Note 1 to entfy: This is expressed in mm.

3.7
first-cracking strength

Je

stress valuelobtained when the first-cracking load (3.5) is inserted in theformula for modulus of rupture

Note 1 to entty: This is expressed in MPa.

3.8
peak load
maximum lqad on the load-deflection curve (3.1)

39
peak-load deflection
Sp

net deflectiop (3.2) value on the load-deflection¢urve (3.1) at the peak load (3.8)

Note 1 to entfy: This is expressed in mm.

3.10
Poisson’s ratio
v
negative value of the ratio of transverse strain to the corresponding axial strain in the elastic range of
deformatior

4 Symbgls
Symbol Unit Description
t mm thickness of the circular specimen
ro mm radius of the loading ring
ri mm radius of the specimen
rp mm radius of the support ring
f mm )
P, N first cracking load
Py N peak load
R N/min |loading rate
S MPa/min |rate of the equibiaxial stress
Y mm-2 |ratio of stress to load
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5 Test specimens

5.1 Geometry

The nominal maximum size of aggregate and the thickness of the test specimens shall be in accordance
with ISO 1920-3:2004, 4.1. The thickness and diameter of test specimens shall be at least three times
the maximum fibre length.

The preferred size for a circular specimen with FRCCs is 210 mm in radius and 50 mm in thickness
tested on a 400 mm span. A specimen with dimensions different from the preferred specimen sizes is
permissible.

=

Circylar specimens are tested in flexure between two concentric rings, as shown in Figlire'
Dampged specimens shall not be tested.

a) The ratio of t to ry shall be 0,25.

b) The ratio of rg to ry shall be 0,25.

c) The difference, f, should be 0,05 times r;. A large value of fwould €ause an effect of end ¢onfinement
n the equibiaxial flexural strength. This difference needs to bé.uminimized.

d) The thickness and diameter of individual specimens sheold not vary by more than 2 mm of the
mean value.

© ISO 2018 - All rights reserved 3
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2
Key
1 loading ijing \J“\O
2 specimef ‘\\0
3 supportfing . Q
P load O®
@gure 1 — Specimen dimensions
o

5.2 Fabrication of s@mens
a) Moulds|(see Fi 2) for the production of specimens shall consist of a base and side mafe of

either non-re‘%s e metal or coated plywood. The base and side shall be sufficiently rigid so as not

to vibrate 6( ermanently distort during casting. The interior face of the moulds shall be uniform
so that f Screed can be run directly across the surface to produce a specimen of correct thickness.
Moulds shall be watertight and non-absorbent.

4 © ISO 2018 - All rights reserved
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Figure 2 — Mould Q<<

b) The diameter of the moulds shall be controlled“bﬁrough careful attention to mpanufacture.
Maintenance of the correct thickness is subject tQ@e skill of personnel charged with finishing the
§pecimens. $

c) Atleast six specimens shall be prepared f@@ach batch of composites tested, and the thickness of
¢ach specimen shall be measured. \O

d) IFRCCs shall be placed in a single p&\é\‘g sequence without joints.

e) Curing of test specimens shall bqq% accordance with ISO 1920-3.

f) Moulds shall be removed n the composite has attained sufficient strength so that the specimen
¢an be placed into the te(s:;ing position without being damaged.

g) For specimens sta@n water, excess moisture shall be wiped from the surface of the specimen
before placing 6@ testing machine.

h) water tank

\

:Entil the

shall be as short as possible and not more than 3 h. During the time the

'he time@?en the extraction of the specimen from the humidity chamber or thd
utsideq\-h humidity chamber or water tank, it shall be protected from drying, e.g.

specimen is
by covering

vitlQ?e“t burlap.
)

6 Testing machine and measuring devices

6.1

Testing machine

The test shall be carried out using a compression-testing machine conforming to ISO 1920-4. The test
machine shall be in calibration at the time of the test with no more than a year after the last calibration.

The testing machine shall have a loading capacity in excess of the flexural capacity of the test specimen
and shall be capable of applying loading at the required loading rate. To avoid unstable behaviour after
cracking, the stiffness of the testing machine inclusive of load frame, load cell, and support fixture shall
greatly exceed that of the specimen. Load controlled test machines incorporating one-way hydraulic
valves or screw mechanisms lacking an electronic feed-back loop for automatically controlling the rate
of increase in displacement shall not be used.

© ISO
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6.2 Loading fixtures for concentric ring testing

6.2.1 General

A drawing of the loading fixtures and a test specimen is shown in Figure 3.

~
o
<

loading 1fing
specimen
support ring
aluminiym bar
aluminiym ring
pin
LVDT
load
Side view.

T g N 0N U A WN

Bottom yiewx

Figure 3 — Schematic of a suitable apparatus for flexure test of FRCCs for concentric ring loading

6.2.2 Loading and support rings
For test specimens the loading/support rings shall be made of steel.

The ratio of rg to rp shall be 0,25. The rings are sized to the thickness and diameter of the test specimens.

6.2.3 Compliant layer and friction elimination

The brittle nature of FRCCs and the sensitivity to misalignment, contact stresses and friction may
require a compliant interface between the loading/support rings and the test specimen, especially if the

6 © ISO 2018 - All rights reserved
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test specimen is not flat. Line or point contact stresses and frictional stresses can lead to crack initiation
and fracture of the test specimen at stresses other than the actual equibiaxial flexural strength.

To minimize the effects of friction at the loading ring interface, place a sheet of carbon foil or
polytetrafluoroethylene (PTFE) tape between the compressive surface of the test specimen and the
loading ring. The thickness of the sheet shall be 0,3 mm # 0,1 mm. Alternatively, an appropriate lubricant
(anti-seizing com pound or TFE-fluorocarbon oil) may be used to minimize friction at the loading ring.

A rubber pad shall be positioned between the specimen and the support ring to distribute the load
evenly. The intended load-bearing surface in contact with the support ring may be prepared by capping
in accordance with ISO 1920-4 to improve the contact, as shown in Figure 4. The recommended

h' 1 £l Ll pa 140 31 9 07 £l 3 o N | Tl L. pa| £ 1 bb d
thickness—otrthrerapbver pat S0 == /0 or trre- Spetmetrtniekness—menaraness—or—tirq rubber pa

shall|be (65 + 5) IRHD.

The boundary conditions of the specimens have a strong influence on the resulting fractpre pattern.
This|results in either over or under estimation of energy absorption.

a) Japping and strain gages placed on the bot- b) Positioning of the support ring
tom of the test specimen

Figure 4 —Preparation of the specimen

6.3 | Alignment

The Joading ring and support+ing shall be aligned concentrically to 0,2 % of the support rihg diameter.
The test specimen shall-be-concentric with the loading and support rings to 0,5 % of the §upport ring
diameter.

6.4 | Measuring device for loads

The Joad shall'be measured using a load cell with an accuracy of 1 % of the estimated peak load or
bettgr. TheToad cell shall be fixed to the testing machine.

6.5 Measuring device for deflection

Devices such as electronic transducers or electronic deflection gages shall be located to ensure
accurate determination of the net deflection at the centre exclusive of the effects of seating or twisting
of the specimen on its supports. One acceptable arrangement employs a ring jig, which surrounds the
specimen and is directly clamped at mid-depth of the specimen using four screws, and other ring frame
suspended for the first ring frame, where an electronic displacement transducer is mounted (Figure 3).
The average of the measurements represents net deflection.

The accuracy of electronic transducers shall be £0,05 mm, where possible.

© ISO 2018 - All rights reserved 7
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6.6 Data acquisition

As a minimum, an autographic record of applied load versus time shall be obtained. Either analog chart
recorders or digital data acquisition systems can be used for this purpose although a digital record is
recommended for ease of later data analysis. Ideally, an analog chart recorder or plotter should be used
in conjunction with the digital data acquisition system to provide an immediate record of the test as a
supplement to the digital record.

An X-Y plotter coupled directly to electronic outputs of load and deflection is an acceptable means of
obtaining the relationship between load and net deflection — that is, the load-deflection curve. A data
acquisition system capable of digitally recording and storing load and deflection data at a sampling

frequency of atteast2;5 Hz isamacceptabteattermative. After the et deftection corTespoding t

peak load has been exceeded, it is permissible to decrease the data acquisition sampling and recoy

frequency t

7 Testp

7.1 Preparation and positioning of specimens

The test spd
test specimg

The specim
loading ring

7.2 Loadi

The load sh
peak load if
The maximy

Apply the 1
loading ratej

0,2387

[//:

7.3 Asseq

rocedure

bn shall remain centred when the load is first applied, and no load shall be applied

b1l be applied without shock and shall beiificreased continuously at a constant rate

Im load indicated shall be recorded.

1

1 Hz.

cimen shall be placed centrally in the testing machine and loading and support rings
n shall be mounted in the test apparatus by placing the moulded face onto the support

and support ring are resting evenly against the test;specimen.
ng
reached. The testing machine shall besgperated at a constant rate to the maximum

ad at a rate that increases the eguibiaxial stress between 0,85 and 1,15 MPa/min
is calculated with Formula (1):

(1—v)(r22 —roz)

2
r

—— 2(1+v)1nr—2+
o

p the

ding

The
ring.

until

until
load.

The

M

sment of fracture patterns

The main position of the fracture origin in the specimens shall be determined (See Figure 5). Results

shall be disc

NOTE

arded if the fracture origin is outside the loading ring.

Fractures occurring near on the inside of the loading ring can be due to factors such as friction or

contact stresses introduced by the load fixtures, the non-uniform fibre dispersion, or misalignment of the test
specimen rings. Such fractures constitute invalid tests and generally lead to low energy absorption.
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a) Exa S 0 sid 0
energy energy (b
N
P
Figure 5 — Typical fracture patterns in specimens q/
N
q/'\
8 Calculations O
Load and net deflection are monitored and recorded at first crackin ﬁc’i)peak loads. Data 3
and plotted by means of an X-Y plotter or digitally and subsequently used to plot a loa
curvg. Points termed first-cracking and peak loads are identifi&n the curve and are used
flexyral performance parameters. \Q
N
a) Determine the first-cracking load as the value of loa&?orresponding to the first point
eflection curve where cracking initiates. Deterslg'@e the corresponding deflection valie.
b) (alculate f; using P, and i from Formula he equibiaxial flexural stress value
pecimen caused by loading at the inner ing ring and outer support ring is cald
ormula (2):
ol
t :V/PC O’\C)
) etermine the peakload as value of load corresponding to the point on the load-defl
ith the greatest value o obtained prior to reaching the end-point deflection. Dd
orresponding deflecti alue.
d) hen Pp is greate@@n the P. calculate the total area under the load-deflection cur
eflections corrésponding to first-cracking and peak load (See Figure 6). Record
founded to t @arest joule as toughness.
e) |\ ual to Pp, calculate the total area under the load-defection curve up to ne

IS0 21022:2018(E)

ing to first-cracking or first-peak load (See Figure 7).

ing — Low

re recorded
d-deflection
to calculate

on the load-

bf a circular
ulated from

(2)

pction curve
termine the

e up to net
the number

F deflections

hen Pl
%&é‘
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Key
1 total arej under the load-deflection curve up to net deflections.corresponding to first-cracking and peak Joads
X netdeflection
Y load

Figure 6 — Total area undeft the load-deflection curve (P, > P()
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