INTERNATIONAL ISO
STANDARD 10406-3

First edition
2019-07

Fibre-reinforced polymer{{FRP)
reinforcement of concrete — Test
methods —

Part 3:
CFRP strips

Reference number
1SO 10406-3:2019(E)

©1S0 2019


https://standardsiso.com/api/?name=08112e75ea7c5d6cc900753c629bef51

ISO 10406-3:2019(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2019

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=08112e75ea7c5d6cc900753c629bef51

ISO 10406-3:2019(E)

Contents Page
FOT@WOTIT ... iv
1 S0P ... 1
2 NOIIMALIVE FEERIEIICES ...........oooe e 1
3 Terms and defiNITIONIS ... 1
4 SYIMIBDOLS ...t 2
5 Tcot ulcthud fUl dctcn lll;ll;lls tcua;}c Pl UPCI t;ca
5.1 TSt PIECES oo
5.1.1 Dimensions...
FST00 Y/ 55 /=] oY= iU (0 ) VOO SO S
5.1.3 Cutting eqUiPMENT. ..o g e
5.1.4  Cutting accuracy for width of test piece.
5.1.5  Number of teSt PIECES ..o SN e
5.2 Testing machine and measuring deViCes...........u S
5.2.1  Testing machine..........ccinn
5.2.2  Strain gauges/extensometers.......
5.3 Test Method ...
5.3.1 Dimensions of test pieces..........crpmilon
5.3.2  Mounting of strain gauges/extensometess...
5.3.3 Mounting Of teSt PIECE ... A S
5.34  Loading rate ... SO s
5.3.5  Test temperature.
5.3.6  Range of test ... B
5.4 Calculation and expression of test ré&sults
541  General...d N
5.4.2  Load-strain curve
5.4.3  Tensile Strength g
544  YOUNE'S MOAUNES. ..ot
5.5 TEST TEPOTE e Mottt
6 Test method for exposure to laboratory light sources............n
6.1 TESE PIECES ..ol s
6.1.1  Test'plate for accelerated artificial exposure test....
6.1.2  Number of test plates. ...
6.1.3 ~N\Preparation........ .
6.1.4~ NUMDET Of tEST PIECES ..o
6.2  Tésting machine and measuring deVICesS ...
6.3 Test method ...,
6.3.1  Testperiod.......
6.3.2  Tensile strength test
64 Calculation and expression of test results
6-41—VisuaHnspeetot——————-
6.4.2  HANAING AATA ..ottt
6.4.3  Tensile strength ret@Ntion rate ...
6.5 TESE T@PIOT L ..o
BIDIIOGIAPIIY ..o 11

© 1S0 2019 - All rights reserved iii


https://standardsiso.com/api/?name=08112e75ea7c5d6cc900753c629bef51

ISO 10406-3:2019(E)

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 proceglures 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 needed*for
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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Fibre-reinforced polymer (FRP) reinforcement of
concrete — Test methods —

Part 3:
CFRP strips

1 (Scope

This document specifies test methods applicable to unidirectional carbon fibre-reinforcgd polymer
(CFRP) strips as external-bonded reinforcements on the concrete substrate.

Thif document is applicable for the CFRP strips that:

— | consist of carbon fibre and thermoset resin;

— |are manufactured by pultrusion method;

— |have a higher carbon fibre fraction such as over 60 %; and
— |have a thickness within 3 mm.

Alsg, the test pieces for determining tensile properties’are cut down from CFRP strips along the CFRP
strips axis, and have bonded anchorage block at the both ends.

2 |Normative references

The following documents are referred-to in the text in such a way that some or all of thpir content
conftitutes requirements of this decument. For dated references, only the edition cited gpplies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

[S0|7500-1, Metallic materials~—= Calibration and verification of static uniaxial testing machinds — Part 1:
Tenkion/compression testing.machines — Calibration and verification of the force-measuring sylstem

1S0|10406-2:2015, Fibre-reinforced polymer (FRP) reinforcement of concrete — Test method$ — Part 2:
FRH sheets

3 |Terms:and definitions

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

[SO and TEC maintain terminological databases for use in standardization at the following addresses:

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

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

3.1
accelerated artificial exposure testing machine
machine that creates reproducible standard test conditions to accelerate weathering artificially

3.2
anchorage block
tab (3.6) corresponding to the test block to prevent bond failure of the CFRP strips

© IS0 2019 - All rights reserved 1
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3.3

anchorage portion
end parts of a test piece fitted with anchoring devices to transmit loads from the testing machine to the

test portio

3.4
Young’s m

n

odulus

E
e{astic modulus in the direction of the fibres

3.5

strip

flat board
stretches i

3.6
tab
plate made
piece to tre

3.7

which has thin thickness compared to width, a flatness-formed rectangular section
n the longitudinal direction

of fibre-reinforced polymer, aluminium, or any other suitable material bonded to the
nsmit loads from the testing machine to the test portion

tensile capacity

F

u
maximum

3.8
tensile stn
R

ett

fensile load which the test piece bears during the tensiletgest

ength retention rate

and

test

ratio of the tensile strength after accelerated artificial exposure compared with tensile strength before
accelerated artificial exposure
4 Symblols
For the puiposes of this document, the symbols presented in Table 1 apply.
Table 1 — Symbols

Symbol Unit Description Reference
A mm?2 Cross-sectional area 5.4.3,5.4.4
Diap ° Tab bevel angle 51.1
Ey N/mm? Young’s modulus 5.4.4
fru N/mm? Tensile strength 5.4.3
ffuo N/mm? Average value for tensile strength before accelerated artificial exposure |6.4.3
ffu1 N/mm? Average value for tensile strength after accelerated artificial exposure |6.4.3
F, N Tensile capacity 5.4.3
Laq mm Anchorage length 5.1.1
ta mm Anchorage thickness 5.1.1
Ly, mm Anchorage portion length A1
Diest mm Width at the range of the test length 51.1
Liest mm Test length 5.1.1
Erest mm Thickness 5.1.1
Lot mm Total length 51.1
Rt % Tensile strength retention rate 6.4.3
AF N Difference between loads at 2 points at 20 % to 50 % tensile capacity 5.4.4

© ISO 2019 - All rights reserved
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Table 1 (continued)
Symbol Unit Description Reference
Ag — Difference between strains at 2 points at 20 % and 50 % tensile capacity |5.4.4

5 Test method for determining tensile properties

5.1 Test pieces

5.1]T Dimensions

The shape and dimensions of test pieces are given in Figure 1 and Table 2. Test pieces,shall be prepared
in accordance with the method described in 5.1.2. In case the width of the CFRP strips'is 10 jnm or less,
the[width of the test piece shall be equal to the width of the CFRP strips.

Ltot

Ltest

LAZ
LAl

lsalq

:Dtab T:‘?

15911

Figure 1— Shape of the test piece

Table 2 — Dimensions of the test piece

Symbol Dimensions of test piece
mm

TFotal length =200

Width at the range of the test lengthl) 10 to 15
Thickness =3

Test length =100

Ly; Anchorage length =50

ty Anchorage thickness 0,5to 2

T ATICHOTage portion fength =50
D,,,  Tabbevel angle?) 5t090°

1) The width of the test piece can be selected to evaluate material characteristics stably
and properly, using a test machine with a capacity of 100 kN or less.

2)  Tab bevel angle is recommended to apply 90°.

5.1.2 Preparation
Test pieces shall be prepared using the following method.

a) Prepare plate cut to a predetermined length from the CFRP strips for tensile test.

© IS0 2019 - All rights reserved 3
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b) Grind the substrate of anchorage portions of CFRP strips and anchorage block by sandpaper, sand
blaster or equivalent.

c) Paste adhesive on the substrate of anchorage portions of CFRP strips and anchorage block. Also,
adhesive shall have sufficient tensile shear bonding strength to keep tensile load during tensile test.

d) Bond and set up the anchorage to the anchorage portions to form the test pieces, and cure until
adhesive hardens.

e) Draw a marking line along the CFRP strips axis at the position which is approximately 5 mm from
edge of CFRP strips and marking lines on both ends of test pieces as shown in Figure 2.

f) Cut offlalong the markings.
g) Cut ouf test pieces in accordance with cutting accuracy described in 5.1.4.

h) Also, i case of using aluminium tab, tab shall be bonded after cutting out test pieces.

7
I 6 I
— _._Fi.__._ S ————— | ] N T ]
| 3 |
84 || 4 | .i.
| |
5
! 3
| 3 |
| / |
Key
1  directign of fibre axis
2 sectionfused to prepare test piece: 2200 mm
3 tab
4  test piece portion
5 CFRP strip
6  marking line along to CFRP-strips axis
7  marking lines of both.ends of test pieces
8  width df test piece

Figure 2 — Dimensions of plate used to prepare test pieces

5.1.3 Cutting equipment

Diamond blades or other equipment blades shall be used for cutting the test pieces.

5.1.4 Cutting accuracy for width of test piece

The cutting accuracy of the width of test pieces shall be within #1 mm per 100 mm in axial direction.

5.1.5 Number of test pieces

Determine the number of test pieces suitable for the objective of the test. It shall be no fewer than five.

4 © IS0 2019 - All rights reserved
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5.2 Testing machine and measuring devices

5.2.1 Testing machine

The testing machine shall conform to ISO 7500-1. The testing machine shall have a loading capacity in
excess of the tensile capacity of the test piece and shall be capable of applying loading at the required
loading rate.

5.2.2 Strain gauges/extensometers

a) [Sraimgauges;/exXTensOMELers USed to Measure te elongation of the test piece under toaqing should
be capable of recording all variations in the test length or elongation during testing with a strain
measurement accuracy of at least 10 x 1076,

b) |When sanding is used to mount strain gauges on the surface of the test pieces,-it shall pe ensured
that this does not damage the test pieces.

5.3| Test method

5.3]1 Dimensions of test pieces

Megsure the width and thickness of the test portion of the test pieces. The width and thickmess of the
test piece shall be determined as the minimum value of atdeéast three readings taking froi1 different
locdtions at the range of the test length on the test piece..Measurements shall be taken to ajn accuracy
of 0,01 mm.

5.3]2 Mounting of strain gauges/extensometers

Mount the strain gauges/extensometers at the centre of the test portion of the test piece to|determine
the[Young’s modulus.

5.3/13 Mounting of test piece

Motuint the test piece in such away that the long axis of the test piece coincides with the| centreline
betveen the two chucks.

5.3/4 Loading rate

The standard loadingrate shall be a constant strain rate equivalent to 1 %/min to 3 %/min ptrain with
refgrence to thedtest length.

5.3/5 Testtemperature

In principle, conduct the test in the same atmosphere used for conditioning the test pigce, unless
othbritise-asree o itk avac articcla o e bacting o Jloooto - e -

5.3.6 Range of test

Perform the loading test until tensile failure and record the measurement of loads and strain
continuously or at regular intervals at least up to two third of tensile capacity.

5.4 Calculation and expression of test results

5.4.1 General

Results obtained from the test pieces fractured by explosive failure or splitting failure (see Table 3) can
be used. The test results from test pieces that show tensile failure or slippage at the anchorage portion

© IS0 2019 - All rights reserved 5
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shall be omitted and additional tests shall be carried out using test pieces from the same lot until the
number of test pieces is not less than the prescribed number.

Table 3 — Typical failure mode

Failure mode

Explanation

Explosive This shows failure like blooming in the test portion. CFRP strip of high strength type
(applicable) tends to show the explosive failure.

N

S
- &
Splitting This shows failure like bamboo breaking in the test portion. CFRP str@?’high modujus
(applicable type tends to show the splitting failure. '\Q
T /
Slippage infthe This shows CFRP slipping at anchorage portion. TQgU}e‘strength tends to be smaller
anchorage portion than that of above failures. \\
(not applicgble) 5\0.
Z

O

Partial brejking
(not applicgble)

ad
This shows partial breaki ﬁECFRP due to partial de-bonding at anchorage portion.
Tensile strength tends to be smaller than that of above failures.

-

N\
5.4.2 Lo ad-strainO d{gk

When strajn g

/extensometers are mounted, plot a load-strain curve depicting the relation

between the H{Q sured load and strain.

hip

5.4.3 Tensile strength

Calculate the tensile strength, f}'u, expressed in newtons per square millimetres and rounded off to
three significant digits in accordance with ISO 80000-1, using Formula (1):

ey
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F

, Is the tensile capacity, expressed in newtons;

A isthe cross-sectional area of the test piece, expressed in square millimetres.

5.4.4 Young’s modulus

Calculate Young’s modulus, Ef, using Formula (2), expressed in newtons per square millimetres, and
rounded off to three significant digits in accordance with ISO 5725 (all parts).

F'r:AFx 1

Y (2)

whegre

AF is the difference between loads at 2 points at 20 % and 50 % tensile capagity (F,, apd F5 in
Figure 3), expressed in newtons;

Ae is difference between strains at two points above (€, and €5 in-Figure 3);

A isthe cross-sectional area of the test piece, expressed in square millimetres.

AF
Fo [ =7 I
I
|
I
I
I
F |
I I
I I
| |
I I
Sl % | :
| | | E
| I | -
820 850 &u
Key
F tensileload
F, tensile capacity

Fyo | “20 % tensile capacity

Fso 50 % tensile capacity

£ strain

strain at tensile capacity

&y  strainat 20 % tensile capacity
€50  strain at 50 % tensile capacity

Figure 3 — Load-strain curve
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5.5 Test

report

The test report shall include the following items.

name of CFRP strips and name of product;
type of CFRP strips;
date of manufacture, lot number of production run;

name of manufacturer and symbol of manufacturer;

a)

b)

c)

d)

e)

f) dimen

g) tensile
values

h) Young
these

6

6.1 Test

6.1.1 Te

Test plate

6.1.2 Nu

Subject no
otherwise

6.1.3 Pr

Cut the tes
the test pie

6.1.4 Nu

Determine

test de‘te, test temperature, and loading rate;

Test method for exposure to laboratory light sources

sions of each test piece and calculated cross-sectional area;

strength of each test piece and average and, if required, the standard deviation for t}

s modulus of each test piece and average and, if required, the standard deviation
yalues.

pieces

5t plate for accelerated artificial exposure test

mber of test plates

hgreed by the interested parties.

pparation

t pieces from the test plate that has undergone accelerated artificial exposure and prej
ces as specified.i5.1. Making test pieces, avoid the edge of the test plate.

mber of test pieces

the number of test pieces suitable for the objective of the test. It shall be no fewer than fij

ese

for

for accelerated artificial exposure test shall-be prepared by cutting to a length that cafp be
mounted i the accelerated artificial exposure test sample holder.

fewer than two test plates to accelerated artificial exposure tests simultaneously, unless

are

ve.

6.2 Testingmachineandmeasuringdevices——mMmMmMm——————————

6.2.1 Accelerated artificial exposure testing machine specified in [ISO 10406-2:2015, 10.2, shall be used.

6.2.2 Two types of accelerated artificial exposure testing machine are available:

— type WV, using an ultraviolet carbon-arc lamp; and

— type WS, using a sunshine carbon-arc lamp.

6.2.3 The configuration of the light source, filter, and testing machine specified in ISO 4892 (all parts)
is recommended.
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