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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.

The proceglures used to develop this document and those intended for its further maintenance
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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INTERNATIONAL STANDARD ISO 10406-2:2015(E)

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

Part 2:
FRP sheets

1 (Scope

Thip part of ISO 10406 specifies test methods applicable to fibre-reinforced polymet (FRP] sheets for
the[upgrading of concrete members.

2 |[Normative references

The following documents, in whole or in part, are normatively referenced in this documgnt and are
indispensable for its application. For dated references, only the-edition cited applies. For undated
refgrences, the latest edition of the referenced document (incldding any amendments) applids.

[SO|31-0:1992, Quantities and units — Part 0: General principles

[SO|291, Plastics — Standard atmospheres for conditioning and testing

1SO|4892 (all parts), Plastics — Methods of exposureé to laboratory light sources

1SO|5725 (all parts), Accuracy (trueness and precision) of measurement methods and results

ISO[7500-1, Metallicmaterials— Verificationofstaticuniaxialtestingmachines— Part 1: Tension/cpmpression
testing machines — Verification and calibration of the force-measuring system

3 |Terms and definitions

3.1l Definitions

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

3.11
acceleratediartificial exposure testing machine
maghine that creates reproducible standard test conditions to accelerate weathering artificiplly

3.1{2
ambient temperature

environmental conditions corresponding to the usual atmospheric conditions in laboratories with
uncontrolled temperature and humidity

3.1.3
anchorage block
block corresponding to the test block to prevent bond failure of the FRP sheet

Note 1 to entry: Additional FRP sheet circumferentially jackets the block with sheets being tested to provide
higher bond strength (in this block).

© IS0 2015 - All rights reserved 1
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3.14

anchoring portion

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

3.1.5
bond strength
strength calculated by dividing the maximum load by the effective bond area

3.1.6
concrete block
rectangulalr block of concrete used to study the bond properties of FRP sheets to concrete

Note 1 to erftry: Steel reinforcement or steel bars are embedded in the axial direction at the centre of'the crfoss-
sectional arfea of the concrete block in order to transmit tensile strength. Concrete blocks are madg¢ up of aftest
block and am anchorage block.

3.1.7

conditioning
storage of fest pieces at a prescribed temperature and humidity to keep them under identical conditons
before testling

3.1.8

coupon test piece
test piece gelected from the same lot that is unexposed and subjected to the tensile strength and oveflap
splice strength tests

3.1.9
effective hond area
area estimpted using the effective bond length and thebond width of the FRP sheet

3.1.10
effective hond length
length of the portion in which the bond stress'between the FRP sheet and the concrete acts effectiyely
at maximujm load before the FRP sheet comes loose from the concrete

3.1.11
fibre bundle
several fibre filaments bound together to form a bundle

3.1.12
fibre masg per unit area
mass of fibfe in the direetion of reinforcement in dry sheet (fibre sheets before impregnation with refsin)

Note 1 to enftry: Expressed as mass per square metres.

3.1.13
interfacial fracture energy
amount of energy per unit bond area necessary to produce interfacial fracture

3.1.14

overlap splice strength retention rate

ratio of the overlap splice strength after accelerated artificial exposure or freezing/thawing compared
with the overlap splice strength before accelerated artificial exposure or freezing/thawing

Note 1 to entry: The overlap splice strength retention is rate expressed as a percentage.

3.1.15
plate
FRP sheet impregnated with resin from which the test pieces are cut

2 © IS0 2015 - All rights reserved
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3.1.16

pul

l-out strength

strength calculated by dividing the maximum load by the cross-sectional area of the bond surface of the
steel device

3.1.17
steel device
mechanism made of steel connected to a loading machine to apply tensile force

Note 1 to entry: Adhesive is used to mount the device to the FRP sheet attached to the concrete surface. The shape
of the bond surface is either square or circular.

3.1
tab

18

plae made of fibre-reinforced polymer, aluminium, or any other suitable material,bohded
piege to transmit loads from the testing machine to the test portion

31
ten

maj

31
ten
rati
the

Not

3.1

test

blo
3.1

test

par

3.1

19
kile capacity
kimum tensile load which the test piece bears during the tensile test

20
Kile strength retention rate
p of the tensile strength after accelerated artificial exposure or freezing/thawing com

tensile strength before accelerated artificial exposure ordreezing/thawing
e 1 to entry: The tensile strength retention rate is expressed as a percentage.
21
block
k used to study the bond properties of FRR'sheets
22
portion
L of a test piece that is in between the anchoring portions and is subjected to testing
23

ultimate strain

to the test

bared with

strdin corresponding to thetensile capacity
3.1{24
weathering
physsical and chetnical changes of material properties due to exposure to sunlight, rain, snow, and other
outfloor naturalconditions
3.2| Symibols
Seelfabte+-
Table 1 — Symbols
Symbol |Unit Description Reference
A mm?2 Nominal cross-sectional area (general) 5.4
Ap mm?2 Nominal cross-sectional area of type A test piece 54,64
Ap mm?2 Nominal cross-sectional area of type B test piece 5.4,6.4
Ag mm?2 Area of steel device 8.4
bav mm Average width of FRP sheet 7.4
© IS0 2015 - All rights reserved 3
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Table 1 (continued)

Symbol |Unit Description Reference
bt,min mm Minimum width of test piece 54,64
Ef N/mm?2 Young’s modulus 5.4,7.4
fau N/mm?2 Bond strength 8.4
fru N/mm?2 Tensile strength 5.4
fruo N/mm?2 Average value for tensile strength before treating, e.g. 9.4,10.4
Frpp-7ing and fh:n/\n'ng oraccelerated artificial exposure
fru N/mm?2 Average value for tensile strength after treating, e.g. freez- |9.4, 10.4
ing and thawing or accelerated artificial exposure
ffus N/mm?2 Overlap splice strength 64
Fruso N/mm?2 Average value for overlap splice strength before treating, (9.4, 10.4
e.g. freezing and thawing or accelerated artificial exposure
Frust N/mm?2 Average value for overlap splice strength after treating, 9.4,10.4
e.g. freezing and thawing or accelerated artificialexposure
Fau N Maximum load 8.4
Flast N The load included in the last simultaneously.recorded pair |5.4.5
of values of the load and the strain whefy détermining the
ultimate strain
Fy N Tensile capacity 54,64
Gt N/mm Interfacial fracture energy 74
La1 mm Anchoring portion length A1
Lao mm Anchorage thickness 511
La3 mm Anchorage length 511
Lend mm Width at both énds 511
Lga mm Gauge length 511
Lth mm Thickne'ss 511
Ltot mm Totahlength 511
1 mm Effective bond length in test portion of FRP sheet 74
N — Number of fibre bundles in test piece 5.4
n — Number of plies of the sheet 74
Ny strands/mm  |Number of fibre bundles per unit area of the sheet 54
Prmax N Maximum load 7.4
Rets O/ ﬂvarlap cp]ir‘n cfwmgfh retention 94
Rett % Tensile strength retention 9.4
t mm Thickness of sheet, equal to n- PS/Psh x1073 74
AF N Difference between loads at two points at 20 % and 50 % |5.4
of tensile capacity
0s g/m?2 Fibre mass per unit area of dry sheet 54,64,74
Psh g/cm3 Density of dry sheet 5.4,6.4,74
Elast — The strain included in the last simultaneously recorded 5.4.5
pair of values of the load and the strain when determining
the ultimate strain

4 © IS0 2015 - All rights reserved
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Table 1 (continued)
Symbol |Unit Description Reference
Efy — Difference in strain between the two points used to calcu- |5.4.5
late AF

Ag — Ultimate strain 5.4

T, N/mm?2 Bond strength 74

4 [General provision concerning test pieces

Unless otherwise agreed upon, test pieces shall be taken from the sheet in the “as delivered”|condition.

For|the determination of the mechanical properties in the tensile, bond, and- anthoragg tests, the

test piece may be artificially aged (after straightening, if applicable) depending on the pdrformance

reqpirements of the product.

WhEn a test piece is “aged”, the conditions of the ageing treatment shall be stated in the test feport.

5 |Test method for determining tensile properties

5.1| Test pieces

5.1{1 Types and dimensions

Tw@ types of test pieces may be used (see Figure-Irand Table 2).

a) |Type A test pieces: Prepare type A testpieces in accordance with the method describefl in 6.1.2.1
and use them for the general tension test. The shape and the dimensions of type A tes{ pieces are
given in Figure 1 and Table 2, respgctively.

b) [Type B test pieces: Prepare type B test pieces in accordance with the method described in 6.1.2.2.
These test pieces are suitable for FRP sheets in which the fibre bundles consist of ajnumber of
filaments that can be easily separated into individual bundles.

L tot ~
* - g
3 [T ]
{ L Al L Al
Las L a3 ‘ o
e ~
= _y
NOTE See Table 2 for definitions of symbols and dimensions.
Figure 1 — Shape of type A and type B test pieces
© IS0 2015 - All rights reserved 5
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Table 2 — Dimensions of test pieces

Dimensions in millimetres

Dimension for the types of test piece

Symbol
Type A Type B
Liot total length >200
Lend width at both ends 12,5+0,5 10 to 15

Lth thickness

Recommended not to exceed 2,5

Lga gauge length 2100
Lag anchoring portion length =35
La2 anchorage thickness 1to2
La3 anchorage length =50

reconsidered.

NOTE  When the peeling off at tabs and the pull-out in the chuck do not occur, the thickness
of the test piece can exceed 2,5 mm. When the thickness of the test piece is less than2,5mm
and fracture at anchoring section occurs, the specification of the anchoring section should be

5.1.2 Pr¢paration

5.1.2.1 Type A test pieces

Type A tes

a)
b)

<)

d)

£)

Prepat

Apply
sheet,

Apply
impreg
would

Cure t
widths
cutter

Attach

Priort
instru

be best.

for cutting.

rtions.

pieces shall be prepared using the following method.

e a dry sheet cut to a sufficient length for the testpiece.

the anchorages tothe anchorage portions to form the test pieces.

b testing, thefest pieces shall be conditioned as prescribed in 5.1.5 considering manufacturer’s

Fhe bottom coat of impregnation resin to the>separation film and attach the aforementioned
fastening it so that the fibre axis of the sheet is in a straight line.

the top coat of impregnation resimthén smooth the surface so that the thickness of|the
rnation resin layer is even, to form-a plate. Covering with separation film and smoothing

he plate for the prescribediduration considering manufacturer’s instructions, then cut in
of 12,5 mm as shown imr Figure 2. The cut length should be at least 200 mm. Use a diamjond

© ISO 2015 - All rights reserved
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Dimensions in millimetres

Key]

£ U1 A W N

5.1

Typ

b)

- 2 »
a b
12,5
1

3 <«—>
A

~C * —v
5

direction of fibre axis

section used to prepare test piece: 2200 (area impregnated with resin)

test piece portion

cut-away portion

marking

Location of the two straight-line marks perpendicular to thie)fibre axis that define a length of at leq

Figure 2 — Dimensions of plate:used to prepare type A test pieces

2.2 Type B test pieces
e B test pieces shall be preparedusing the following method.

Prepare a dry sheet cut to a sufficient length for the test piece. Fasten the sheet so that th
is in a straight line.

In the centre of thé“fastened sheet, mark two straight lines (footnotes a and b in
perpendicular to the fibre axis that define a length of at least 200 mm. Mark two other st
(footnotes c and-d in Figure 3) approximately 100 mm on either side of the area define
and b.

Working along the fibre axis between lines c and d, remove one to three fibre bundles froj

st 200 mm.

e fibre axis

Figure 3)
raight lines
| by lines a

m each side

of thetest piece sections. The width measures 10 mm to 15 mm. When preparing severall
frotnithe same FRP sheet, the portions to be used as test pieces should be separated by
dtleast 50 mm in the direction perpendicular to the fibre axis.

test pieces
ntervals of

d) Apply the bottom coat of impregnation resin to the separation film and attach the aforementioned

sheet onto the film.

e) Apply the topcoat of impregnation resin. Then smooth the surface, so that the thickness of the

impregnation resin layer is even, to form a plate. Covering with separation film and
would be best.

smoothing

f)  Cure the plate for the prescribed duration, then cut the fibre bundle portions that are to be the test

g)

pieces at widths of 10 mm to 15 mm. The cut length shall be at least 200 mm.

Attach the anchorages to the anchorage portions to form the test pieces.

© ISO 2015 - All rights reserved
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Dimensions in millimetres

100

- 100 R

n of fibre axis

area impregnated with resin: 2400

used to prepare test piece: 2200

3
P

y portion
Cce portion
n of the two straight-line marks perpen
n of the two straight-line marks atol@

.

-

Key
1  directig
2
3 section
4 markin
5 cut-awjg
6  testpie
ab Locatio
¢ d  Locatio
h) Prior
instru
A tracer tH
to someho
specifically
5.1.3 Cu

N\

Figure 3 — Dimeéans of plate used to prepare type B test pieces

xO
ular to the fibre axis that define a length of at least 200 n
100 mm on either side of lines a and b.

)

[0 testing, condit@ the test pieces as prescribed in 5.1.5 considering manufactuifer’s
Ctions.

read may b€ added to uncured, wet-laid material to help identify the fibre direction pnd
v speci w accurately the specimens should be cut from the larger piece of matefial,
r wit pect to the fibre direction.

ﬁ of test pieces

Establish the curing period needed to give the test piece the desired strength and cure the test piece
considering manufacturer’s instructions.

5.1.4 Anchorage portion of test pieces

The anchorage portion of the test piece shall not have a shape that causes the test piece to twist or bend.
An anchorage made of fibre-reinforced polymer or aluminium shall be attached to the anchorage portion
using resin or adhesive at a suitable pressure so that the thickness of the adhesive layer is constant. The
adhesive or resin shall ensure that the adhesive layer does not experience shear fracture before the test
piece breaks.

© IS0 2015 - All rights reserved
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5.1.5 Conditioning of test pieces

The most appropriate condition from ISO 291 shall be selected, unless otherwise agreed upon by the
interested parties. If it is confirmed by prior tests under equivalence conditions at the testing room that
humidity has a negligible or no influence on the properties, it is not necessary to control the relative
humidity. Similarly, if it is confirmed by prior tests under equivalence conditions at the testing room
that neither temperature nor humidity has any noticeable influence on the properties, it is not necessary
to control either the temperature or the relative humidity. In this case, the atmospheric condition is
termed “ambient temperature”.

5 1 ra AN beirofiack niccac
44O NUTITOCT OT TCSTPTICCCS

Determine the number of test pieces suitable for the objective of the test. It shall be no fewej] than five.
5.2| Testing machine and measuring devices

5.2]11 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 capablecwofapplying loading at tHe required
loadling rate.

5.2/2 Strain gauges/extensometers

Strgin gauges/extensometers used to measure the elongation of the test piece under loading should
be gapable of recording all variations in the gauge déngth or elongation during testing with a strain
megsurement accuracy of at least 10 x 10-6.

5.3| Test method

5.3]1 Dimensions of test pieces

Medsure the width and thickness of the test portion of the test pieces as follows. The width angl thickness
of the test piece shall be determined as the average of at least three readings taking froin different
locqtions on the test specimen.Measurements shall be taken to the following precision:

a) [test pieces of type,Alshall be measured to 0,01 mm;

b) |test pieces of type B shall be measured to 0,1 mm.

5.3]2 Mounting of strain gauges/extensometers

Mount thestrain gauges/extensometers at the centre of the test portion of the test piece [n order to
determine the Young’s modulus and the ultimate strain of the test piece.

5.3.3 Mounting of test piece

Mount the test piece in such a way that the long axis of the test piece coincides with the centreline
between the two chucks.

5.3.4 Loadingrate

The standard loading rate shall be a constant strain rate equivalent to 1 %/min to 3 %/min strain.

5.3.5 Test temperature

In principle, conduct the test in the same atmosphere used for conditioning the test piece, unless
otherwise agreed upon by the interested parties (e.g. for testing at elevated or low temperatures).

© IS0 2015 - All rights reserved 9
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5.3.6 Ra
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nge of test

Perform theloadingtestuntil tensile failure and record the measurements ofload and strain continuously
or at regular intervals at least up to two thirds of the tensile capacity.

5.4 Calculation and expression of test results

54.1 Ge

neral

Use only results from those pleces that undergo fallure in the test portlon Re]ect the test results from

those piece

using test
less thant

5.4.2 Lo

When stra

between th

5.4.3 Tensile strength

Calculate t
significant

F

ffu :_/

where
Fy is

A is

Calculate
Formula (2

pieces from the same lot unt11 the number oftest pleces having falled in the test portlon i
he prescribed number.

hd-strain curve

in gauges/extensometers are mounted, plot a load-strain curve depicting the relation
e measured load and strain.

he tensile strength, fry, expressed in newtons per square millimetre and rounded off to th
digits in accordance with [SO 31-0:1992, Annex B, using®ormula (1):

the tensile capacity, expressed in newtons;

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

he cross-sectional area, Aas.expressed in square millimetres, of the type A test piece u
) and the cross-sectionallarvea, Ag, expressed in square millimetres, of the type B test p

not

hip

ree

(M

bing
ece

using Formula (3):
_As -3
Ap ___'bt,min x10 (2)
Pkh
N \
Ag =18 "t 1058 3)
Pin My
where
Ps is the fibre mass per unit area of dry sheet, expressed in grams per square metres;
psh s the density of dry sheet, expressed in grams per cubic centimetres;

bt min is the minimum width of the test piece, expressed in millimetres;

Nt

ny

is the number of fibre bundles in the test piece;

tre.

NOTE 1

10

The nominal fibre mass per unit area provided by the material manufacturer can be used.

© ISO 2015 - All rights rese
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NOTE 2  The nominal density provided by the material manufacturer can be used.

5.4.4 Young's modulus

Calculate the Young’s modulus, Ef, using Formula (4) based on the load-strain curve at 20 % and 50 %
tensile capacity and rounded off to three significant digits in accordance with ISO 5725 (all parts).

AF
Ag-A

E¢= (4)

where

AF is the difference between loads at two points at 20 % and 50 % tensile capacity, expfessed in
newtons;

Ag is the difference in strain between the two points above;

A isthe nominal cross-sectional area, expressed in square millimetres, calculated as 44, using
Formula (2), for a type A test piece and as Ap, using Formula (3),£for"a type B test piqce.

5.4|5 Ultimate strain

In dases where strain-gauge measurements of the test pieCe ‘are available up to the poinf{ of failure,
take the ultimate strain, €, as the strain corresponding to.the tensile capacity, Fy. In cased where the
megsurements are not made up to the point of failure, cal¢ulate the ultimate strain, £, using Fprmula (5),
baspd on the tensile capacity, Fy, and the last simultaneously recorded values of the load, Flast, and
strgin, €last:

F,

€fu = €last F - (5)
last

Roynd off the results to three significant digits in accordance with ISO 5725 (all parts).

5.5| Testreport

The test report shall include the following items:
a) |name of FRP sheetydate of manufacture, lot number of production run, and name of manjufacturer;
b) [type of FRP sheget and impregnation resin;

c) |fibre mass\per unit area of dry sheet and density of dry sheet;

d) |fabrication date, fabrication method, and curing conditions (including temperature angl duration)
for test pieces;

e) temperature, humidity, and duration of test piece conditioning;
f) testdate, test temperature, and loading rate;
g) dimensions of each test piece and calculated cross-sectional area;

h) tensile capacity of each test piece and average and, if required, the standard deviation for these
values;

i) tensile strength of each test piece and average and, if required, the standard deviation for these
values;

i) Young’s modulus of each test piece and average and, if required, the standard deviation for these
values;
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k) ultimate strain of each test piece and average and, if required, the standard deviation for these
values;

1) load-strain curve for each test piece.

6 Test method for overlap splice strength

6.1 Test pieces

6.1.1 Dingremnsions

The shape
respective

NOTE

B test piece
two FRP shd

NOTE

12

’

q

J

ets.

A

tot

est piece corresponding to the Type A test piece in Clause 5 is specified in this partof1S0 10406. ]
is not specified because of difficulties of making test piece to keep axial direction.of fibres line:

\ 4

L end

y
[ T
b

Lth

L spy Laq

LA3

ﬁm
I B

ee Table 3 for definitions of symbols and dimensions.

Figure 4 —Shape of test pieces

Table 3'— Dimensions of test pieces

Dimensions in millimetres

and the dimensions of the overlap splice test piece are shown in Figure 4 and Table 3,
y. The method of preparing test pieces is described in 6.1.2.

ype
rin

Symbol Dimension
Ltot totaltength Length of splice plus a minimum of 200
Lend width at both ends 12,5+2,5
Lt thickness Recommended not to exceed 2,5
Lga gauge length Length of splice plus a minimum of 100
a1 anchoring portion length 235
La2 anchorage thickness 1to2
La3 anchorage length =50
Lspl length of splice portion Necessary length
NOTE  When the peeling off at tabs and the pull-out in the chuck do not occur, the thickness
of the test piece can exceed 2,5 mm. When the thickness of the test piece is less than 2,5 mm
and fracture at anchoring section occurs, the specification of the anchoring section is to be
reconsidered.
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6.1.2 Preparation

As arule, prepare test pieces using the same materials as those in the actual work and under constant
temperature conditions as follows, taking sufficient care to ensure that the fibres are not dispersed or
bent in the overlap splice portion.

a)
b)

f)
g)

Prepare a dry sheet cut to a sufficient length for the dimensions of the test piece to be fabricated.

Apply the bottom coat of impregnation resin to the separation film and attach the sheet mentioned

in a), fasten it so that the fibre axis of the sheet is in a straight line.

Apply the top coat of impregnation resin. Smooth the surface. The thickness of the im
resin layer should be even to form a plate. Covering with separation film is best.,

Cure the plate for the prescribed duration considering manufacturer’s instructions, {
widths of 12,5 mm as shown in Figure 5. The cut length should be at least;200 mm. Use
cutter.

Attach the anchorage to the anchorage portion to form the test piece:

Before performing the test, condition the test piece as prescribed.

Dimensions in

a b

,{{\‘"
18285

~eN 4 v

A
A\ 4

direction of fibre axis

section uSéd to prepare test piece: 2200 (area impregnated with resin)
test pigee portion

cut-away portion

D U1 A W N

1.2
TITATRIITS

overlap splice section

regnation

hen cut in
a diamond

millimetres

a,b  Location of the two straight-line marks perpendicular to the fibre axis that define a length of at least 200 mm.

Figure 5 — Dimensions of plate used to make test pieces

6.1.3 Curing of test pieces

Establish the curing period for the test piece to have the desired strength and cure the test piece
considering the manufacturer’s instructions.

© ISO 2015 - All rights reserved
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6.1.4 Anchorage portion of test pieces

The anchorage portion of the test piece shall not have a shape that causes the test piece to twist or bend.
Attach an anchorage made of fibre-reinforced plastic or aluminium to the anchorage portion using resin
or adhesive at a suitable pressure so that the thickness of the adhesive layer is constant. Ensure that the
adhesive or resin in the adhesive layer does not experience shear fracture before the test piece breaks.

6.1.5 Conditioning of test pieces

Select the most approprlate condltlon from ISO 291 unless 0therw1se agreed upon by the 1nterested

parties. If i

has a negligi

Similarly, if it is confirmed by prior tests under equlvalence conditions at the testing room thatneither
temperatufe nor humidity has any noticeable influence on the properties, it is not necessary te conftrol
either the [temperature or the relative humidity. In this case, the atmospheric condjtiow is termed
“ambient t¢mperature”.

6.1.6 Number of test pieces

Determine|the number of test pieces suitable for the objective of the test. It shiall be no fewer than five.
6.2 Testing machine

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

6.3 Testfmethod

6.3.1 DiInensions of test pieces

Measure the width and thickness of the test portion of the test pieces to 0,01 mm at four locatjons
outside thqg overlap splice portion and two locations within the overlap splice portion.

6.3.2 Madunting the test piece

Mount the test piece so that the long axis of the test piece coincides with the centre line between the fwo
chucks.

6.3.3 Loading rate

The standdrd loading rate shall be a fixed strain rate equivalent to 1 %/min to 3 %/min strain.

6.3.4 Testtemperature

In principle, conduct the test in the same atmosphere used for conditioning the test piece, unless
otherwise agreed upon by the interested parties (e.g. for testing at elevated or low temperatures).

6.3.5 Range of test

Perform the loading test to the point of tensile failure and measure and record the load continuously or
at regular intervals until the tensile capacity is reached.

14
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6.4 Calculation and expression of test results

6.4.1 General

Assess the test data only on the basis of the test pieces undergoing failure in the test portion. In cases
where tensile failure or slippage has clearly taken place at the anchorage portion, disregard the data and
perform additional tests using test pieces from the same lot until the number of test pieces failing in the
test portion is not less than the prescribed number.

6.4.2 Failure categories

Table 4 shows the types of overlap splice failure. Shear fracture of the impregnation resin|within the
oveflap splice portion is called “overlap splice failure”. Failure of the FRP sheetin partsgfthe lest portion
other than the overlap splice portion is called “base material failure”.

Table 4 — Categories of overlap-splice failure

Code Type of failure
JF Overlap splice failure
SF Base material failure

6.413 Overlap-splice strength

Calgulate the overlap-splice strength, ff,s, expressed in fiewtons per square millimetre and founded off
to three significant digits, using Formula (6) in accordance with 1SO 31-0:1992, Annex B:

F
fi fus = Iu (6)
whére

F, is the tensile capacity, expressed in newtons;

A isthe nominal cross-sectional area, expressed in square millimetres, using Formula(7).

a=Ps .p
Psh

x1073 (7)

t,min

where
ps  is‘the fibre mass per unit area of dry sheet, expressed in grams per square metres;

ps. Vis the density of dry sheet, expressed in grams per cubic centimetres;

Dt,min 1S the minimum width of test portion oI the test piece, expressed in millimetres.

6.5 Testreport

The test report shall include the following:

a) name of FRP sheet, date of manufacture, lot number of production run, and name of manufacturer;
b) type of FRP sheet and impregnation resin;

c) fibre mass per unit area of dry sheet and density of dry sheet;
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d) fabrication date, fabrication method, and curing conditions (including temperature and duration)
for test pieces;

e) temperature, humidity, and duration of test piece conditioning;
f) testdate, test temperature, and loading rate;
g) dimensions of each test piece and calculated cross-sectional area;

h) length of overlap splice for each test piece;

i) tensile capacity of each test piece and average and ifrpqnirpd standard deviation for these valpes;

j) tensildstrength of each test piece and average and, if required, standard deviation for these valfies;

k) failuretype for each test piece.

7 Test method for determining bond properties of FRP sheets to conicrete

7.1 Testpieces

7.1.1 Types and dimensions

a) Type Atestpieces: Type A test pieces shall consist of two separate concrete blocks manufactured in
accordance with the method described in 7.1.4.2 a). The shape'and the dimensions of a type A fest
specinjen are shown in Figure 6 and Table 5, respectively,

b) Type B test pieces: Type B test pieces shall consist, of' a single concrete block manufacturedl in
accordance with the method described in 7.1.4.2 b);; The shape and the dimensions of a type B fest
specinjen are shown in Figure 7 and Table 5, respectively.
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Dimensions in millimetres

2200 2200"
1
2 A
- h S———— (100 > 2
100, , L v
3 /5
! S
6
100 O /1 / I
7
\ 4 N <
N 7
: >300 |, =300
Key]
1 [anchoring block
2 |tensile load
3 |separation-type film
4 |test block
5 |FRP sheet
6 |abutted surface
7 |anchoring sheet
a  |Beveled.
b [Bond length.
Figure 6 — Shape of a type A test piece
Tablé.5'— Dimensions of test pieces
Dimensions in millimetres
Type of test piece
Element
Type A (separate block type) Type B (single block type)

Lerlgth of block =300 2600

Cross-sectional area bf

the|block 100>100

Bord lengtha 200 (not including section cut away from edge)

Rerharks Test piece consisting of two matching Single concrete block with thg block
concrete blocks with the block length and |length and cross-sectional arga above
cross-sectional area above or a 20 mm deep notch in the[centre on

aithar cida

bond length.

a  The effective bond length varies by the number of FRP layers, Young’s modulus, and the type of impregnation resin.
When the effective bond length exceeds 200 mm, the bond length on the test block should be extended to atleast the effective
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Dimensions in millimetres

>200 >200 "
1 _
24— 50— (100 —B 2
100
] 3 6 5
4 2 =
100 @] —— L |

R 7

Key
anchoring block
tensile Joad
separatfion-type film
test block

FRP sh¢et

notch

anchoring sheet

O N O U1 D W N

acrylic panel with 4-hole of around 20 mm diameter
Bond lgngth.
b Acrylicpanel or notch should be selected.

8}

Figure 7 —Shape of type B test piece

Table '6_*— Categories for failure of test piece

Code Type of failure
BF Interfacial failure
SF Base material failure

7.1.2 Q:’EIity of concrete

In cases ere the structure reinforced with the FRP sheet is known, the concrete used for the fest
pieces shall be similar in quality and strength to that used in the structure.

In cases where the target structure is not known, the concrete shall be made using materials of good
quality. The maximum nominal size of coarse aggregate can be 20 mm or 25 mm and the water-to-
cement ratio, between 0,5 and 0,6.

The concrete pieces shall be cured in water at 20 °C + 3 °C for seven days, then in air for at least another
seven days. The water temperature of 27 °C + 2 °C is applicable for warm countries.
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7.1.3 Steel bars

Steel bolts or bars used to transmit a tensile force shall have a strength and diameter sufficient to prevent
yielding or pull-out from the concrete block before the failure of the FRP sheet, in order to ensure that
the load is properly transmitted to the concrete block.

7.1.4 Preparation of test pieces

7.1.4.1 General

Pre

7.1

Pre

a)

b)

1 - - 1 0 Val I Val
dl' € UIC LEST PICLES HTIA00IS dl 22U UG D10 L.

4.2 Concrete blocks

pare the concrete blocks as follows.

Type A test specimen (separate blocks)

iy

2)

3)
4)

Prepare a pair of moulds for the concrete blocks with a cross-secfional area of 100 mn

N x 100 mm

and a length of 300 mm. The dimensional error of the moulds.stiould be no more than 1 % of the

length of each side. To ensure precision, the moulds should lie made of steel. The fout
the long axis direction should be beveled using chamferingstrips.

The steel bolts or bars for applying tensile force should be positioned at the centre
concrete blocks and placed so that the ends of the bolts or bars are matched to t
surfaces of the concrete blocks during the test. The edge on the other side of the abut
should have a grip allowance long enough toenable the steel bolt or bars to be gripp
by the chuck of the testing machine.

Pour the concrete and cure it in the appropriate manner.

The steel bolts or bars should be placed so that they are not eccentric with respect tdg
of the cross-sectional area. Make sure that no slippage or twisting occurs in the sur
concrete blocks.

Type B test specimen (single‘block)

1)

Prepare a mould for/a concrete block with a cross-sectional area of 100 mm x 100
length of 600 mm.)The dimensional error of the mould should be no more than 1 % o
of each side, To-ensure precision, the mould should be made of steel. The four corners
axis direction should be beveled using chamfering strips.

Place an-acrylic panel of 2 mm thickness with four holes at the centre of the conc
in the’longitudinal direction with the short acrylic pipes attached at both sides of
centre to support the steel bolts or bars. One side of the piece separated by the ac
is the test area and the other side is anchorage part. Otherwise, wooden pieces

cornersin

axis of the
he abutted
ted surface
bd securely

the centre
Faces of the

mm and a
the length
in the long

rete blocks
the panel’s
rylic panel
for making

notches on concrete surfaces after stripping off the mould should be placed on the t

wo sides of

2)

3)

the mould. The notch depth should be 20 mm.

A pair of steel bolts or bars should be placed at the centre axis of the concrete blocks so that
they are abutted in the centre of the long axis. The positions of the steel bolts or bars should be
placed so that they are not eccentric with respect to the centre of the cross-sectional area. The
edge on the other side of the abutted surface should have a grip allowance sufficiently long to
enable the steel bolts or bars to be gripped securely by the chuck of the testing machine.

Place the concrete and cure it in the appropriate manner.

© ISO 2015 - All rights reserved
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7.1.4.3 Concrete surface treatment

The typical treatment for the surface is as follows. Select surfaces that are vertically-oriented during
concrete pour. If the instructions of manufactures are provided, follow them.

a) Roughen the surface of concrete using a grinder to remove laitance and dirt.

b) Using arag, wipe away the powder and dust from the concrete surface. If there is oil on the surface,
it should be wiped away using acetone.

c) Coatwith primer and allow to harden until it does not stick to the fingers when touched.

d) Coatwith putty or similar smoothing agent to even out the unevenness and bubbles on the sturfpce,
then wait for it to harden until it does not stick to the fingers when touched.

7.1.4.4 Attaching and anchoring the FRP sheets

In cases where the structure reinforced with the FRP sheet is known, the method used'in the piece shall
be similar fo that used in the structure. In cases where the target structure is not'’known, the standard
procedure [for attaching the FRP sheet is as follows. If the instructions of marufactures are provigled,
follow them.

a) Attach| the separation film along the abutted surfaces of the conctete blocks (for the type A fest
piece) pr along the notch in the concrete block (for the type B test piece) to prevent a bond between
the cocrete and the FRP sheet.

NOTE To prevent spalling off of the corners of the concrete blocks, attach a thin layer of separation [film
around|the ends to prevent bond between the FRP sheet and tlf€ concrete.

b) After doating both sides of the concrete block with r&sin, attach a 50 mm wide FRP sheet along|the
axis of the steel bolts or bars as shown in Figure:6-or Figure 7 and then impregnate resin into|the
sheet yithout bubbles. During this process, adjust the length from the end of the separation filf to
the endl of the FRP sheet so that the bond length on the test block is 200 mm. On the anchorage blpck,
extend the FRP sheet to the end of the blo¢k.

No mare than three plies of FRP sheets should be used. The effective bond length varies by|the
numbdr of FRP layers, Young’s médulus, and the type of impregnation resin. When effective bjond
length|exceeds 200 mm, bond tength on the test block should be extended to at least effective bpnd
length

c) Apply the resin on the top;
d) Cure the test pieceatthe prescribed temperature and humidity for the prescribed duration.

e) Wind 3an FRP sheet of at least 200 mm in width once around the anchorage block, perpendiculgr to
the loriger axis within 15 mm of the abutted surfaces or notch, as shown in Figure 6 or Figure 7

f)  Cure thétest piece at the prescribed temperature and humidity for the prescribed duration.

7.1.5 Conditioning of test pieces

Select the most appropriate condition from ISO 291, unless otherwise agreed upon by the interested
parties. If humidity has no influence or a negligible influence on the properties being examined, it
is not necessary to control the relative humidity. Similarly, if neither temperature nor humidity has
any noticeable influence on the properties being examined, it is not necessary to control either the
temperature or the relative humidity. In this case, the atmospheric condition is termed “ambient
temperature”.

7.1.6 Number of test pieces

Determine the number of test pieces suitable for the objective of the test. It shall be no fewer than three.
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7.2 Testing machine and measuring devices

7.2.1 Testing machine

The testing machine shall conform to ISO 7500-1 and shall be capable of applying the prescribed load
appropriately.

7.2.2 Chucks

The chucks shall be capable of transmitting loads appropriately so that no eccentricity is created in the
tesfpiece.

7.3] Test method

7.3]1 Dimensions of the test pieces

Medsure the width of the bonded FRP sheet at the slit on type A test pieces and-at the notch ontype B test
pieges, as well as at three additional locations on both test pieces (in the'centre of the bonded portion
and) at the ends).

7.312 Mounting of test pieces

Mouint test pieces onto the testing machine, matching the centre axis of the test piece to the fentre axis
of the testing machine, in order to ensure that there are.neeccentric loads.

7.3]3 Loading rate
Apqly the load at a rate of 2 kN/min to 5 kN/mifx

7.3}/4 Testtemperature

In principle, conduct the test in thie;same atmosphere used for conditioning the test pigce, unless
otherwise agreed upon by the interested parties (e.g. for testing at elevated or low temperatjures).

7.3]5 Range of test

Carfy out the loading testto the point of failure of the FRP sheet. Record the measurements pfload and
displacement continuously or at regular intervals until the maximum load-carrying capacitylis reached.

7.4{ Calculation and expression of test results

7.4{1 _General

y the at u g 1re b ing off or by failure of the sheet.
Reject the test data from test pieces where failure has clearly taken place in the anchorage portion
and perform additional tests using test pieces prepared using FRP sheets from the same lot, until the
number of test pieces failing in the desired manner is not fewer than the prescribed number.

7.4.2 Failure categories

Table 6 shows the categories for the failure of test pieces.
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7.4.3 Interfacial fracture energy

Calculate the interfacial fracture energy, Gy, expressed in newtons per millimetre and rounded off to
three significant digits, between the bonded surfaces using Formula (8):

P2
Gp =—5 = — (8)
8by, E¢-t
where

Pmax isthe maximum load, expressed in newtons;

bayy i$ the average width of the FRP sheet, expressed in millimetres;
Er i the Young’s modulus of the FRP sheet defined in Clause 5, expressed in newtons per sqyare
millimetre;
t i$ the thickness of the FRP sheet, equal to ”'Ps/Psh x1073, expressed inmillimetres,
where
n i$ the number of plies of the sheet;
ps ig the fibre mass per unit area of dry sheet, expressed in.gfams per square metres;
psh 1% the density of the dry sheet, expressed in grams per‘cubic centimetres.

NOTE1 The nominal fibre mass per unit area provided bythe material manufacturer can be used.

NOTE 2  The nominal density provided by the material manufacturer can be used.

7.4.4 Bopd strength

Calculate the bond strength, 7y, expressed in newtons per square millimetre and rounded off to three
significant|digits, using Formula (9);

P,

nax
_ Ujnax 9
Y 2H 9

T

where

Pmax i4 the maximum load, expressed in newtons;

bav

—

4 the average width of the FRP sheet, expressed in millimetres;

[ i: tho affactiva bhand lonath 1n tha tact mortion AF+h A EDD chont avnrnceand 10 mailliyantrnc
Sre-errecave-soRareRgtH T tHe e St poeraeh- e tReFrr—SneesexpresseaHHResres

NOTE The effective bond length, [, varies by the number of FRP sheet layers, Young’s modulus, and the type
of impregnation resin.

7.5 Testreport
The test report shall include the following:
a) name of FRP sheet, date of manufacture, lot number of production run, and name of manufacturer;

b) type of FRP sheet and impregnation resin;
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fibre mass per unit area of dry sheet and density of dry sheet;
fabrication date, fabrication method, and curing period for test pieces;
temperature, humidity, and duration of test piece conditioning;
identification of test piece;

test date, test temperature, and loading rate;

test piece dimensions, width, length, bond length, and number of plies for FRP sheets;

8.1

8.1
The

actyial (or approximation of an actual) portion of a conérete member to which an FRP sheg

attg
use

agg
301

8.1

8.1

Thd
be
is n|

manufactures are provided, follow them.

a)
b)

concrete mixture and compressive strength at testing;
interfacial fracture energy and bond strength for each test piece and averages forthese

type of failure for each test piece.

Test method for direct pull-off strength of FRP sheets withconcrete

Test pieces

1 Dimensions

test piece shall be a concrete board measuring 30 €m x 30 cm with a thickness of ¢
ched. The concrete board shall be of the same quality and strength as the members that g
. If no such members are available, concrete with ordinary aggregate having a maxin

regate diameter of 20 mm or 25 mm, a slump;of 10 cm * 2 cm, and a 28-day compressive
N/mm?2 + 3 N/mm?2.

2 Preparation

2.1 Concrete surface treatment

surface treatment performed for the concrete test pieces to which the FRP sheets are att
he same as that used for'the members that are actually used. In cases where the targe
ot known, the standard procedure for attaching the FRP sheet is as follows. If the inst

Scour the supface of the concrete using a disc sander to remove laitance and dirt.

wipe-itaway using acetone.

A

values;

h cm or an
t has been
re actually
um coarse
strength of

hched shall
L structure
ructions of

Using akag, wipe away the powder and dust from the concrete surface. If there is oil on the surface,

CGoat with primer and let it harden to the point where it does not stick to the fingers whe

n touched.

d) Coatwith a smoothing agent to even out the unevenness and bubbles on the surface, then wait for it

8.1.

a)

to harden until it does not stick to the fingers when touched.

2.2 Attaching the FRP sheets

Prepare an FRP sheet having an area of 280 mm x 280 mm.

b) Apply the bottom coat of impregnation resin and then attach the FRP sheet and remove bubbles.

)
d)

Apply the top coat of impregnation resin and impregnate.

Cure for the prescribed period of time to form the test piece.
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8.1.3 Mounting of steel devices and notching

a) Asarule, use asquare steel device with a bonding area of 40 mm x 40 mm with 10 mm thickness or
circular dollies with a diameter of 50 mm with a thickness of at least 20 mm if made of steel or with
a thickness of at least 30 mm if made of aluminium.

b) Mount the steel devices in the position shown in Figure 8. As Figure 8 shows, the positions are
determined through consideration of the distance from the edge of the concrete board and the
distance between devices. Using sandpaper or the like, rough the bond surface of the steel devices
and the surface of the test piece to which the steel device are bonded. Be careful not to damage the
FRP sheet.

c) Coatthe bond surface of the steel device with adhesive and attach it carefully to the test piece.Tlhen
attach|a 1 kg weight to the steel device and let it stand.

d) After during the adhesive, remove the weight. In case of square devices, notch the area’around|the
device|lusing a concrete cutter. In case of circular dollies, notch the area around the device using a
diamond coring barrel. The depth of the notch shall be in the range of 3 mm to 12mm.

Dimensions in millimdtres

1
S 2 ]I
B B
. ) N |
g -
5 ] 3
o8
R
.70, 80, 80 | 70
. 300
Key
1 steel ddvice 40 x 40 x 10
2 FRP shg¢et

3 concrete board 300 x 300-%)60

Figure 8 — Mounting of steel devices on the test piece

8.1.4 Conditioning of test pieces

The most appropriate condition from ISO 291 shall be selected, unless otherwise agreed upon by the
interested parties. If it is confirmed by prior tests under equivalence conditions at the testing room
that humidity has no influence or a negligible influence on the properties, it is not necessary to control
the relative humidity. Similarly, if it is confirmed by prior tests under equivalence conditions at the
testing room that neither temperature nor humidity has any noticeable influence on the properties, it is
not necessary to control either the temperature or the relative humidity. In this case, the atmospheric
condition is termed “ambient temperature”.

8.1.5 Number of test pieces

Determine the number of test pieces suitable for the objective of the test. It shall be no fewer than five.
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8.2 Testing machine and measuring devices

The testing machine used for the direct pull-off strength test shall have a capacity larger than the
maximum resistance of test pieces and shall have an indicator that enables the maximum load to be
measured.

8.3 Test method

8.3.1 Setting up the testing machine

Set fhe steel devices so that the force 1s applied normal to the concrete surtace.

8.3]2 Loading rate

The standard loading rate shall be a fixed rate equivalent to 2,5 kN/min to 5,0 KN/min.

8.313 Test temperature

In principle, conduct the test in the same atmosphere used for conditioning the test pigce, unless
otherwise agreed upon by the interested parties (e.g. for testing at elevated or low temperatjures).

8.314 Scope of test

Corntinue the test until the point where the steel devices seéparate from the concrete board.
8.4) Calculation and expression of test results

8.4]1 Handling of data

When the steel devices have come apart from the FRP sheets in the bonded portion, disregayd the data
and| perform additional tests with steel*devices mounted in advance in different locatiorfs until the
prescribed number of test pieces is Obtained.

8.4]2 Bond strength

Theg bond strength, f;,, expréssed in newtons per square millimetre and rounded off to threesignificant
digits in accordance with1SO 31-0:1992, Annex B, shall be calculated using Formula (10).

fau =2 (10)

wheére

K3y, is the maximum load, expressed in newtons;

As is the area of steel device, expressed in square millimetres.

8.4.3 Failure categories
Table 7 shows the categories for the failure of test pieces.

If the failure occurs in the concrete and the steel device comes apart, removing a piece of concrete, this
indicates a concrete fracture. If the failure occurs in the interface between the concrete surface and the
primer or the primer and the smoothing agent or the smoothing agent and the FRP sheet, this indicates
an interfacial fracture. If the failure occurs within the FRP sheet or between the layers of the FRP sheet,
this is categorized as a “fracture between layers of FRP sheet”.
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Table 7 — Categories for the failure of test pieces

Code Type of failure
MF Concrete fracture
IF Interfacial fracture
SF Fracture between layers of FRP sheet

8.5 Testreport

The test reportshattnechtde-the-foHowing:
a) name ¢f FRP sheet, date of manufacture, lot number of production run, and name of manufactuter;
b) type of FRP sheet, primer, smoothing agent, and impregnation resin;

c) fibre nmpass per unit area of dry sheet and density of dry sheet;

d) numbdr of plies of the FRP sheet;

e) concrgte mixture and compression strength at testing;

f) fabricdtion date and fabrication method for test pieces;

g) testdate, test temperature, and loading rate;

h) shape,|[dimensions, and calculated cross-sectional area of the’steel device at each test location;
i) tensild capacity at each test location and average of these values;

j)  maxinmjum bond strength at each test location and.average of these values;

k) failuretype at each test location;

1) other 4pecial notations.

9 Test method for freeze/thaw resistance
9.1 Testpieces

9.1.1 Types and dimensions
Test pieceq shall be of'the following types:

a) type Alor type.B test piece in accordance with Clause 5;

b) type inp accordance with Clause 6.

9.1.2 Number of test pieces

Determine the number of test pieces suitable for the objective of the test. It shall be no fewer than five test
pieces for the tensile strength test and the overlap splice strength test before and after freezing/thawing.

9.2 Testing machine and measuring devices

9.2.1 Freeze/thaw testing machine

The testing machine used for the freeze/thaw resistance test shall consist of the heating and cooling
unit for subjecting the test piece to the prescribed freezing and thawing cycles, a testing tank, a spray
unit, a temperature measurement unit, and a control unit. The temperature measurement unit shall be
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capable of measuring the surface temperature of the control test piece in the testing tank to an accuracy
of within 1,0 °C + 2 °C and shall be equipped with a recording unit.

9.2.2 Tensile testing machine

The tensile testing machine shall be the machine specified in Clause 5.

9.3 Test method

9.3.1 Freezing and thawing method

The test method shall conform to the air freezing and thawing method as follows.

a) |Before the freeze/thaw resistance test, soak the test piece in water for 24 h withythé temperature of
5°Cto 35 °C.

b) [The conditions for the freeze/thaw resistance test shall be
— surface temperature of the test piece of -20 °C + 2 °C during freezing and 30 °C = 2 °C during

thawing (spraying), and
— temperature beginning from room temperature for one cycle immediately after the $tart or the
restart after interruption.

c) |The period for each freeze-thaw cycle shall be 100 miin, an 80 min cooling period, anfl a 20 min
thawing period. The test piece shall reach the prescribed temperature within each of|these time
periods.

d) |The test shall consist of 300 freeze-thaw cyclé&s, unless otherwise agreed.

9.3]2 Control of freezing and thawing témperatures

The freezing and thawing temperaturés shall be controlled through measurement of the surface

temperature of the FRP sheet.

9.313 Tensile strength testand overlap splice strength test

The tensile strength, Young’'s modulus, and ultimate strain shall be obtained before angl after the

fregze/thaw resistancetest in accordance with Clause 5. The overlap splice strength shall b¢ measured

befgre and after thefneeze/thaw resistance test in accordance with Clause 6.

9.4| Calculation and expression of test results

9.4]1 .Tensile strength retention

ThetersHestrensthretenteiRmrexpressedasapereentage aidrotnded-offto-threestgntficant digits

in accordance with ISO 31-0:1992, Annex B, shall be calculated using Formula (11):

Ry = St 109 (11)
fqu

where
fqu is the average value for tensile strength before freezing and thawing, expressed in newtons

©IS

per square millimetre;

fful is the average value for tensile strength after freezing and thawing, expressed in newtons

per square millimetre.
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9.4.2 Overlap splice strength retention

The overlap splice strength retention, Rets, expressed as a percentage and rounded off to three significant
digits in accordance with ISO 31-0:1992, Annex B, shall be calculated using Formula (12):

Res _Jiust 409 (12)
fus0

where

ffusO is the average value for overlap splice strength before freezing and thawing, expressed in
nfewtons per square millimetre;

ffusl i$ the average value for overlap splice strength after freezing and thawing, expressed-in ngw-
tpns per square millimetre

9.5 Testireport

The test report shall include the following:
a) commé@n items:

— name of the FRP sheet, date of manufacture, lot number of\production run, and namg¢ of
manufacturer;

— type of FRP sheet and impregnation resin;
— filre mass per unit area of dry sheet and density of'dry sheet;
— id¢ntification of test piece;
b) items felating to freeze/thaw resistance test:
— type and model of testing machine and-test conditions;
— dae at which freeze/thaw resistance test starts and ends;
c) items relating to tensile strength test:

— fabrication date, fabrication method, and curing conditions including temperature and duration
for test pieces;

— temperature, humidity, and duration of test piece conditioning;
— test date, tést temperature, and loading rate;

— dimensions and calculated cross-sectional area for each test piece;

— tebsilecapacityofeach testpiece and average for these values;
— tensile strength of each test piece and average for these values;
— Young’s modulus of each test piece and average for these values;
— ultimate strain of each test piece and average for these values;
— load-strain curve for each test piece;

— tensile strength retention;
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