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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

nonfgovernmental, In_liaison with 150, also take part In the Wwork. SO collaborates close
Intefnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

y with the

Intefnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The]
ado
Inte

Atte
righ

ISO
stre

ISO
rein

main task of technical committees is to prepare International Standards. Draft\Internationa
rnational Standard requires approval by at least 75 % of the member bodies'casting a vote.

ntion is drawn to the possibility that some of the elements of this document may be the subje
s. ISO shall not be held responsible for identifying any or all such patent rights.

10406-1 was prepared by Technical Committee ISO/TC Z4,)Concrete, reinforced concre
ssed concrete, Subcommittee SC 6, Non-traditional reinforcing materials for concrete structure

10406 consists of the following parts, under the " general title Fibre-reinforced poly
forcement of concrete — Test methods:

Part 1: FRP bars and grids

Part 2: FRP sheets

Standards

bted by the technical committees are circulated to the member bodies for'voting. Publication as an

ct of patent

e and pre-

L

b.

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

Part 1:
F D hare and aride
| | NUIT W Ul sl LAY K=
1 |Scope
Thig part of ISO 10406 specifies test methods applicable to fibre-reinforced palymer (FRP) bars gnd grids as
reinforcements or pre-stressing tendons in concrete.
2 [Normative references
The| following referenced documents are indispensable forthe application of this document| For dated
references, only the edition cited applies. For undated, references, the latest edition of the|referenced
docpment (including any amendments) applies.
ISO[291:2008, Plastics — Standard atmospheres for conditioning and testing
ISO|3611, Micrometer callipers for external méasurement
ISO|[4788:2005, Laboratory glassware,—~:Graduated measuring cylinders
ISO[6906, Vernier callipers reading-to°0,02 mm
ISO[7500-1, Metallic materials — Verification of static uniaxial testing machines |— Part1:
Tenlsion/compression testing machines — Verification and calibration of the force-measuring system
3 |Terms, definitions and symbols
3.1| Terms.and definitions
For[the-purposes of this document, the following terms and definitions apply.
3.1.1
alkalinity
condition of having or containing hydroxyl (OH") ions; containing alkaline substances
NOTE In concrete, the initial alkaline environment has a pH above 13.
31.2
anchorage reinforcement
latticed or spiral reinforcing steel or FRP connected with the anchorage and arranged behind it
© 1SO 2008 — All rights reserved 1
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313
anchoring

section

end part of a test piece where an anchorage is fitted to transmit loads from the testing machine to the test

section

314

average load
(stress) average of the maximum and minimum repeated load (stress)

3.1.5

bending angle
angle forme

3.1.6

bending di
ratio of the
the FRP ba

317
bending te
tensile load

3.1.8
coefficient
average co

NOTE

3.1.9

continuoug
general terr

1

d by the straight sections of a test piece on either side of the deflector

hmeter ratio
external diameter of the deflector surface in contact with the FRP bar, and the nominal diametg

-

hsile capacity
at the moment of failure of the test piece

of thermal expansion
pfficient of linear thermal expansion between given temperatures
'he average of the given temperatures is taken as the represgntative temperature.

b fibre
h for continuous fibres of materials such as_carbon, aramid and glass

3.1.10

coupler

device coupling tendons

3.1.11

creep failufe capacity

load causing failure after a specified” period of time from the start of a sustained load; in particular, the
causing faillire after 1 million hours is referred to as the million-hour creep failure capacity

3.1.12

creep failufe strength

stress caus

causing fail

3.1.13
creep failu

ng failuré after a specified period of time from the start of a sustained load; in particular, the
ire after.T million hours is referred to as the million-hour creep failure strength

br of

oad

oad

re time

time between the start of a sustained load and failure of a test piece

3.1.14
creep failu
failure occu

3.1.15
creep strai

re
rring in a test piece due to a sustained load

n

differential change in length per unit length occurring in a test piece due to creep

© 1SO 2008 — All rights reserved
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3.1.16
creep

-1:2008(E)

time-dependent deformation of an FRP bar subjected to a sustained load at a constant temperature

3.1.17
deflected section

section of an FRP bar that is bent and maintained at the required bending angle and bending diameter ratio

3.1.18
deflector

device used to maintain the position, alter the bending angle or alleviate the stress concentrations in the FRP

bar |and which is sometimes installed in the deflected section

3.1.119
fatigue strength
max)imum repeated stress at which the test piece does not fail at the prescribed number.6f cycles

3.1.0

fibrg-reinforced polymer

FR

conjposite material, moulded and hardened to the intended shape;~consisting of contin
impregnated with a fibre-binding polymer

3.1.21
frequency
number of loading (stressing) cycles in 1 s during the test

3.1.p2

FRR bar

conlposite material formed into a long, slender structural shape suitable for use as reinforcement
and| consisting primarily of longitudinal unidirectional fibres bound and shaped by a rigid po
matgrial

3.1.p3

gauge length

strajght portion along the length .ofta test piece used to measure the elongation using an extens
simflar device

3.1./124
grid
twotdimensional (planar) or three-dimensional (spatial) rigid array of interconnected FRP bars
contiguous lattice-that can be used to reinforce concrete

3.1.5

loadl (stress) amplitude
onethalf of the load (stress) range

lous fibres

in concrete

lymer resin

bmeter or a

that form a

Ioa% amplitude

3.1.26
load (stress) range
difference between maximum and minimum repeated load (stress)

3.1.27
maximum repeated load (stress)
maximum load (stress) during repeated loading

3.1.28

maximum tensile force
maximum tensile load sustained by a test piece during the tensile test

© 1SO 2008 — All rights reserved
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3.1.29

minimum repeated load (stress)
minimum load (stress) during repeated loading

3.1.30

nominal cross-sectional area
value obtained upon dividing the volume of the FRP specimen by its length

3.1.31

nominal diameter

diameter of

FRP calculated assuming a circular section

3.1.32
nominal pe
peripheral
determined

3.1.33
number of
number of {

3.1.34
relaxation
stress rela
time-depen
applied and

3.1.35
relaxation
percentage

NOTE |
year relaxati

3.1.36
repeated Ig
load (stress

3.1.37

S-N curve
curve plottg
on the horiz

3.1.38

tendon, FRP

resin-boung
uniaxially

ripheral length
ength of the FRP that forms the basis for calculating the bond strength and ithat shal
separately for each FRP

cycles
mes the repeated load (stress) is applied to the test piece

kation
Hent decrease in load in an FRP held at a given constant temperature with a prescribed initial
held at a given constant strain

rate

reduction in load relative to the initial load aftera given period of time, under a fixed strain

h particular, the relaxation value after 1 millionihours (approximately 114 years) is referred to as the hundg
n rate.

ad (stress)
) alternating cyclically between fixed maximum and minimum values

d on a graph with-repeated stress on the vertical axis and the number of cycles to fatigue fa
ontal axis

cofhstruction made of continuous fibres in the shape of a tendon used to reinforce cong

NOTE

3.1.39

Tendons are usually used in pre-stressed concrete.

thermo-mechanical analysis

TMA

be

oad

red-

lure

rete

method for measuring deformation of a material as a function of either temperature or time, by varying the
temperature of the material according to a calibrated programme, under a non-vibrating load

3.1.40
TMA curve

(TMA) graph with temperature or time represented on the horizontal axis and deformation on the vertical axis

© 1SO 2008 — All rights reserved
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3.1.41
ultimate strain
strain corresponding to the maximum tensile force

3.2 Symbols
See Table 1.
Table 1 — Symbols
Slymbol onit Description Reference
A mm? Nominal cross-sectional area of test piece 5.3, 6.4
D mm Nominal diameter 5.3
E N/mm?2 | Young's modulus 6.4
F, N Maximum tensile force 6.4
1 N/mm?2 | Tensile strength 6.4
& — Ultimate strain 6.4
AF N Difference between loads at 20 % and 50 % of maximum tensile force 6.4
Ae — Strain difference between AF 6.4
T N/mm?2 | Bond stress 7.4
P N Tensile load in the pull-out test 7.4
u mm Nominal peripheral length of test piece 7.4
/ mm Bonded length 7.4
Y % Relaxation rate 9.5.2
t h Time 9.5.2
ky — Empirical constant 9.5.2
ki — Empirical constant 9.5.2
Rpm % Mass logsyratio
o mm?3 Volume-of water in the measuring cylinder 5.3
Vs mm?3 Volume of the sum total of water and test piece 5.3
Iy mm Length of test piece 5.3
mg d Mass before immersion 11.4
Lo mm Length before immersion 11.4
my g Mass after immersion 114
VA mm Length after immersion 1.4
Ry % Tensile capacity retention rate 11.5.2
Fuq N Tensile capacity before immersion 11.5.2
Fuo N Tensile capacity after immersion 11.5.2
Ry, — Creep load ratio 12.6.3
A N/mm? | Shear stress 13.5.2
P N Shear failure load 13.5.2

© 1SO 2008 — All rights reserved 5
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Table 1 — Symbols (continued)

Symbol Unit Description Reference
Ogp 1/°C Coefficient of thermal expansion 15.4.1
ALgpm d Difference in length of test piece between temperatures 7, and T, 15.4.1
AL Difference in length of specification test piece for length calibration between 15.4.1
refm H temperatures T, and 7, a
Ly m Length of test piece at room temperature 1541
T oC Maximum temperature for calculation of coefficient of thermal expansion 15.4°4
2 (normally 60°C) \*
T °c Minimum temperature for calculation of coefficient of thermal expansion 15.4 1
1 (normally 0 °C) o
1°C Coefficient of thermal expansion calculated for specification test piece.for 15.4.1
set length calibration between temperatures 7, and 7, o
4 General provision concerning test pieces
Unless othgrwise agreed, test pieces shall be taken from the bar or grid.in the “as-delivered” condition.
In cases where test pieces are taken from a coil, they shall be’straightened prior to any test by a simple
bending opgration with a minimum amount of plastic deformation.
For the determination of the mechanical properties in the“tensile, bond and anchorage tests, the test pjece
may be artificially aged (after straightening, if applicable) depending on the performance requirements of the
product.
When a tes} piece is “aged”, the conditions of the*ageing treatment shall be stated in the test report.

5 Test method for cross-sectional properties

51 Test

511 Pre

Test pieces
(FRP) for tg

pieces

pbaration of test-pieces

shall bée.eut to a predetermined length and finished flat at their cut end from the mother mat
nsile test.

erial

5.1.2 Length-oftestpieces

The length of test pieces shall be 100 mm when approximate nominal diameter is 20 mm or less, and shall be

200 mm wh

en approximate diameter is over 20 mm.

5.1.3 Number of test pieces

The number of test pieces is at least three, taken from the mother material of the same lot.

© 1SO 2008 — All rights reserved
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5.2 Test method

The test procedure is as follows.

a) Measure the length of the test piece using the vernier callipers in accordance with ISO 6906. Measure a
part and record the result to three places; round off the three averaged values to one place after the
decimal point. Take this as the length of the test piece.

b) Measure the volume of the test piece using a measuring cylinder in accordance with 1SO 4788:2005,
type 1a or 1b (class A or class B), according to the approximate diameter of the test piece. Table 2 shows
the relationship between the approximate diameter of the test piece and the capacity of the measuring
cylinder. When two capacities are listed, choose the smaller-capacity cylinder for that range:

c) |Add the proper quantity of water to the measuring cylinder and measure the volume. When the test piece
is in the measuring cylinder, the water should cover the test piece and the top of the\water shgll be in the
range of scale.

NOTE If air bubbles are generated on the surface of the test piece, which can cause an error of megsurement, a
surface-tension-reducing solvent, such as ethanol, can be added to the water. for' the purpose of cpntrolling the
generation of air bubbles.

d) [Insert the test piece into the measuring cylinder and measure the yolume of the combined water and the
test piece.

e) |The test temperature shall be within the range of 15 °C t025°C.

Table 2 — Relationship between the approximate diameter of test piece
and the capacity of measuring cylinder

Approximate diameter of test piece Capacity of measuring cylinder
mm ml
under 10 10 or 20
11 to\13 25
14 to 20 50 or 100
211025 100
over 25 300 or 500

5.3| Calculations

Calgulate thesnominal cross-sectional area, 4, of the test piece from Equation (1) and round off tp one place
after the decimal point:

A=18T0 (1)
IO
where
Vg is the volume of the sum total of water and test piece, expressed in cubic millimetres;
V, is the volume of water in the measuring cylinder, expressed in cubic millimetres;
I, s the length of the test piece, expressed in millimetres.
NOTE The nominal cross-sectional area includes the area of surface-bonded sand particles, surface-bonded

transverse wraps and other non-load-bearing areas.

© 1SO 2008 — All rights reserved 7
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Calculate the nominal diameter, D, from Equation (2) and round off to one place after the decimal point:

p-2 /4
s

where 4 is the nominal cross-sectional area, expressed in square millimetres.

5.4 Testreport

5.41 Man
The test ref
a) date of
b) name,

C) noming
d) noming

5.4.2 Additional information

The test ref

a)
b)
c)
d)

e)

6

6.1

6.1.1 Pre

Cut test pi
performanc
extraneous

capacif
length
volume
volume

name ¢

Test method for tensile properties

Test

| inf .

ort shall include the following items:

testing;

shape, date of manufacture and lot number of FRP tested;
| cross-sectional area;

| diameter.

ort may include the following additional items:
y of measuring cylinder used in the test;

Df test piece;

of water in the measuring cylinder;

of the sum total of water and the test'piece;

f the solvent, if any solvent is_Used in the test.

pieces

paration of\test pieces

pces tO° predetermined length in accordance with 6.1.2 in such a way as not to affect
e ©f the part being tested. For FRP grids, linear test pieces may be prepared by cutting away

Y| 0 + 'H £ Ll | alaal
palrLl. LTAVITTy a < TTTT PTUJTUUUTNT UT UHTC UI'vooudl o 1o TCUUTTITTITTIUTU.

6.1.2 Length of test pieces

the
the

The length of test pieces shall be taken to be the sum of the length of the test section and the anchoring
section (see Figure 1).

The length of the test section shall be taken to be as follows.

a)

b)

For bars, the length shall be not less than 300 mm, and not less than 40 times the nominal diameter.

For strands, the length shall be in accordance with the provision in 6.1.2 a), and not less than 2 times the

strand

pitch.

© 1SO 2008 — All rights reserved
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For grids, the length shall be in accordance with the provision in 6.1.2 a) and shall include not less than

three cross-points.

6.1.3 Storage of test pieces

Store the test pieces carefully and protect against deformation, heating and exposure to ultraviolet light, which

can

cause changes to the material properties of the test pieces.

6.1.4 Number of test pieces

Th

6.2

6.2.

The)
ISO

6.2

The]
the

6.2.
The)
cap
leas
non

not
the

6.3

6.3.

Mol

6.3.

Moy

6.3.

taotal la, £.4 4 H la. Nl 4l 4 L
Wiar Tl UT Icol PITULTO oTldil VT at 1cdol TIVE.
Test equipment

1 Testing machine

testing machine should conform to the requirements for the tension-testing ‘machine in acco
7500-1.

.2 Anchorage

anchorage shall be suited to the geometry of the test pieces@nd shall have the capacity to t1
ensile force along the longitudinal axis of the test pieces.

3 Extensometers and strain gauges

extensometers and strain gauges used to measure the elongation of the test piece under load
bble of recording variations in the gauge length or elongation during testing with an acc
t 10-°. The gauge length of the extensometer'shall be not less than 100 mm and not less than
inal diameter of the FRP bar. For stranded-bars, in addition to the above provision, the gauge

be less than the strand pitch (see Figure-1). In systems with an unbonded external sheath, ta
bxtensometer is measuring the strainiin’the core fibre, not that in the sheath.

Test method

1 Mounting of the test piece

nt the test piece on the testing machine such that only the axial load is transmitted (see Figure

P Mounting‘of extensometer

nt the extensometer along the axis of the central portion of the test piece.

rdance with

ansmit only

ing shall be
uracy of at
8 times the
length shall
e care that

2).

B _Loading method

Carry out the loading in accordance with the following requirements.

a)

b)

Apply the load at a constant rate without impact to the test piece. The rate of loading shall
1,5 % strain per minute. The test time shall not exceed 5 min.

Measure the strain at not fewer than 10 equally spaced loading increments until approximatel
of the maximum tensile force.

Record the maximum tensile force with a precision of three significant digits.

© 1SO 2008 — All rights reserved
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6.3.4 Tes

t temperature

The test temperature shall be within the range of 5 °C to 35 °C.

6.4 Calc

6.4.1

ulations

Calculations

All results, except for the cases where the location of the failure position is within anchorage, shall be used as
a rule. If the failure location is often found to be within anchorage, however, the results of the failure within

anchorage
or more fro
In such cas
all results s
calculation

The averag
respectively:

I: the average value, that result shall be ignored and only the four remaining results shall betused.

bs, if one result deviates by 10 % or more from the average value calculated using the fourres
bf tensile rigidity, Young's modulus or ultimate strain.

e, x, deviation, Ax;, and standard deviation, o, are defined as given in &quations (3) to

1 N
i—1
N

where
N is
x; ar
6.4.2 Cro

The cross-s
the standar
area may 4

effective fib

6.4.3 Ten

Calculate t

he number of test pieces;

e the sampling data.

ss-sectional area

ectional area shall be.the nominal cross-sectional area calculated in accordance with Clause
d cross-sectionalqarea is reported by the manufacturer of the FRP, the standard cross-secti

fe area, polymer area and fibre strength in the value of the standard cross-sectional area.

sile strength

hall be rejected and a new test shall be performed. Rejected test results shall not be used fof

e used as the<{cross-sectional area. It is necessary to include the nominal cross-sectional a

0 %
ults,

the

(®),

®)

(4)

®)

5. If
bnal
rea,

nree

né-tensile strength, f,, expressed in newtons per square millimetre, to a precision of t

significant digitsusimgEquation(6):

fu=F,14
where
F, is the maximum tensile force, expressed in newtons;

A

10

is the cross-sectional area, expressed in square millimetres.

(6)

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=0b81324877582dbf264fda489e33f1f0

ISO 10406-1:2008(E)

6.4.4 Tensile rigidity and Young’s modulus

Calculate the tensile rigidity, £,, expressed in newtons and Young’'s modulus, E, expressed in newtons per
square millimetre, both to a precision of three significant digits, using Equations (7) and (8), respectively. It
shall be calculated from the difference between the load (stress)-strain curve obtained from the load level at
20 % and 50 % of the tensile capacity. For materials where a guaranteed tensile capacity is given, the values
at 20 % and 50 % of the guaranteed tensile capacity may be used.

AF

Ep =— 7

A Ag (7)
AF

= 8

Aex A (8)

whdre

AF is the difference between loads at 20 % and 50 % of the maximumcCtensile force, expressed in
newtons;

A¢ is the strain difference for AF.

6.4.6 Ultimate strain

Ultinate strain shall be the strain corresponding to theJwultimate tensile capacity when dtrain-gauge
measurements of the test piece are available up to failure.’In the event that the measurements from an
extgnsometer or strain gauge are not available up to failare, the ultimate strain, ¢, shall be cal¢ulated to a
pregision of three significant digits using Equation (9):

Iu
= 9
T Ea (9)

6.5| Test report

6.5.1 Mandatory information

Theltest report shall include the' following items:

a) |name, shape, datesof’manufacture and lot number of FRP tested;
b) |type of fibre andfibre binding polymer;

¢) |numbers or identification marks of test pieces;

d) |designhation, nominal cross-sectional area and diameter;

e) date of testing, temperature, loading rate;

f)  calculation method;

g) maximum tensile force and strength for each test piece, averages and standard deviations;
h) tensile rigidity and Young’s modulus for each test piece and average;

i) ultimate strain for each test piece and average;

j)  stress-strain curve for each test piece;
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k) mode of failure for each test piece;

I)  name of person in charge of carrying out the test.

6.5.2 Additional information

When the standard cross-sectional area is used as the cross-sectional area, the following may be added:

a) standard cross-sectional area, diameter and assumed polymer area;

b) maximum-tensile efrnngfh for each test piece,averages and standard Hn\llnhnne;

¢) Youngs modulus for each test piece and average;
d) stress-ptrain curve for each test piece;

e) fibre strength.

A

L

Lot = L +2Lg4

length of test section, L gauge length, Lga

- bar, grid: Ly, =100 mm, 8d
: Ly, 2100 mm, 8d, strand-pitch

- bar :L>300mm, 40d
- strand : L > 300 mm, 40d, 2 stfapd-pitch - strand
-grid  :L>300mm, 40d, 3 cross-points

Key

1 anchoripg section
2  extensgmeter
3 testsection

Figure 1 — Test piece for tensile test
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2

=)
= 3
- 4
1
5

ya
Key|
1 anchoring section
2 |FRP rod
3 |strain gauge
4 |extensometer
5 |anchoring devices

Figure 2 — Outline of tensile test

7 |Test method for bond strength by pull-out testing

7.1| Test pieces

Thel provisions 6.1 shall apply.

7.1.1 Fabrication of test pieces

Test pieces should normally be cubes, with a single FRP bar embedded vertically along the central axis (see
Figure 3). The bonded length of the FRP bar shall be a typical section of the surface of the FRP bar and shall
be located at the free-end side of the test pieces. The bonded length of the FRP bar shall be four times the
diameter of the FRP bar. In order to equalize the stress from the loading plate on the loaded side, the
embedded bar outside the bonded section shall be sheathed with PVC or other suitable material to prevent
bonding.

7.1.2 Dimensions of test pieces

Determine the dimensions of the test pieces as a function of the nominal diameter of the FRP bars as shown
in Table 3 (see also Figure 3).
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Dimensions in millimetres

Ho d H dg,
/1 <17 100 80 < dg, < 100
TN 17 to 30 150 120 < d_, < 150
/ \ s
T / @)
\ /
N /
~
d, 2
3
.
d 4
P W
TohnIET
=0 4 40
T ==
je] =<
< :>
y vy [== = #10

Key
1  spiral rdinforcement ¢=6
2 concretg prism
3  anchoripg section
4  FRP baf
a  Atleast/300 mm and 40d.
Figure 3 —Test piece for bond test (pull-out test)
Table 3 — Dimensions of test pieces
. External diameter of spiral
FIEP noninal Size_of cube 2 Bonded length reinforcement
iameter
dsh
mm mm mm
<17 100 x 100 x 100 4 times nominal diameter 80 < dgy, < 100
17 to 150 150 150 4 times nominal diameter 120 rlgh 150

a

If it is necessary to test bars larger than 30 mm in diameter, the size of the concrete cube may be increased accordingly.

7.1.3 Dimensions of FRP bars

Allow the FRP bar to protrude by around 10 mm at the free-end side and structure the end face so as to allow
the attachment of a dial gauge, etc., for measuring the length of pull-out. The loading end of the FRP bar shall
be extended sufficiently to allow the pull-out test to be carried out, and shall be fitted with an anchoring section,
gripping device or similar apparatus capable of transmitting axial loads to the FRP bar.

14
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7.1.4 Arrangement of FRP bars

Arrange the FRP bars on the central axis of the test piece.

7.1.5 Spiral reinforcements

Test pieces may be provided with spiral reinforcements along the central axis to prevent splitting failure. Spiral
reinforcements shall be 6 mm in diameter, with a spiral pitch of 40 mm. The external diameter of spiral
reinforcements is dependent on the nominal diameter of the FRP bars as specified in Table 3. The ends of the
spiral reinforcements shall be welded, or 1,5 times extra turns shall be provided.

7.1.6 Number of test pieces

Test at least three test pieces. When a test piece fails at, or slips out of, the anchoring,section, ¢arry out an
addjtional test on a separate test piece prepared using FRP bars from the same lot as the failed test piece.

711 Concrete quality

Make up the concrete with normal aggregates, with the coarse aggregates‘having a maximum dimension of
20 mm or 25 mm. The concrete shall have a slump of 10 cm + 2 cm, and a 28-day cylinder dompressive
strehgth of 30 N/mm2 + 3 N/mm? for bond testing.

7.1.8B Placing of concrete
— | Clean the bonding section of the FRP bar and render it'free from any grease, dirt, etc.

— | Take suitable measures before placing the concrete to prevent bonding of the non-bonding|sections of
the FRP bar.

— | Seal the opening in the form through whichythe FRP bar is inserted to prevent ingress of watel, etc., using
oil, putty or similar material.

— | Smooth off the test piece after placing the concrete by scraping any excess off the top, repeating this
process again after about 2 h to ensure that a test piece with the proper dimensions is obtainefd.

7.1.p Removal of forms and,curing

Remove the forms afterttwo days and then cure the test pieces in water at a temperature of 20 °C|+ 3 °C until
the fime of testing

7.2| Testing machine and devices

7.2l Testing machine

Theliesti

7.2.2 Loading plate

The loading plate shall have a hole through which the FRP bar shall pass. The diameter of the hole in the
loading plate shall be 2 times to 3 times the diameter of the FRP bar.

7.2.3 Anchorage

The loading-end side of the FRP bar shall be fitted with an anchorage capable of transmitting loads accurately
until the tendon pulls out due to bond failure, or because of splitting or cracking of the concrete. The
load-transmission device shall transmit only axial loads to the FRP bar, without transmitting either torsional or
flexural forces.
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7.2.4 Displacement measuring device

The displacement meter fitted to the free end of the FRP bar shall be a LVDT or any similar apparatus
capable of giving readings with an accuracy of 1/1 000 mm (see Figure 4).

7.3 Test method

7.3.1 Mounting of test pieces

Place the test piece correctly on the loading plate with a spherical plate underneath to prevent eccentric loads

from actingprrthetestpieces(see Figure 47

1 @,\' )
2 b‘Q
3 N

O

Q.

LVDT %Qv

concretg pri rv
p

loading

Key

spherical plate
FRP rod
anchoring section

N o g b ODN =

anchoring device

Figure 4 — Outline of bond test (pull-out test)
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7.3.2 Loading rate
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The standard loading rate shall be such that the average tensile stress of the FRP bar increases at a rate of
10 N/mm?2/min to 20 N/mm2/min. Keep the loading rate as constant as possible so as not to subject the test
pieces to shock.

7.3.3 Scope of test

The slippage of the free end and the load applied shall be recorded in increments as shown in Table 4, until
either the FRP bar pulls out of the concrete or the load decreases significantly due to the splitting or cracking

of t

e concrete

Table 4 — Measurement increments

Slippage of free end Measurement increment
mm mm
<0,1 0,01
0,1t00,2 0,02
0,2t0 0,5 0,08
>0,5 0,1

7.3.4 Age of test pieces

The)

7.4
Wh
spli
pieg

con

Cal
digi

age of the test pieces at the time of testing shall be 28 days.

Calculations

bn a test piece is judged to have undérgone tensile failure at the anchoring section or to have

of t“\le anchoring section before the FRP;bar slips from the concrete or the load is significantly red

ing or cracking of the concrete, reject the data and carry out additional test(s) until the nur
es slipping from the concretéter where the load is significantly reduced due to splitting or cra
Crete is not fewer than three.

tulate the bond stress;-z, expressed in newtons per square millimetre, to a precision of threg
s using Equation (10); and plot the curve for the pull-out load or bond stress versus slippage d

for ¢ach test piece.

whe

slipped out
Liced due to
nber of test
cking of the

b significant
splacement

(10)

7.5
The

a)

P is the tensile load in the pull-out test, expressed in newtons;
u is the nominal peripheral length of test piece, expressed in millimetres;

[ is the bonded length, expressed in millimetres.

Test report
test report shall include the following items:

name, shape, date of manufacture and lot number of the FRP tested;

© 1SO 2008 — All rights reserved
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b) type of fibre and fibre-binding polymer, type of surface treatment of fibres;
¢) numbers or identification marks of test pieces;

d) designation, nominal cross-sectional area and diameter;

e) date of test, test temperature, loading rate;

f) dimensions of test pieces, bonded length of the FRP bar;

g) concrete mix, slump and compressive strength at time of testing;

h) maximum bond stress, failure mode and averages for each test piece;

i) bond sjress versus slippage displacement curve for each test piece.

8 Test method for performance of anchorages and couplers
8.1 Test|method for performance of anchorages
8.1.1 Test pieces

8.1.1.1  Rreparation of test pieces

Prepare test pieces by attaching an anchorage to one or both ends’of the FRP tendon.

8.1.1.2 Dimensions of test pieces

The recommended length of FRP tendon between abutments is 3 m (see Figure 5). However, when shorter
lengths are|used, the length of FRP tendon between anchorages shall not be less than 300 mm nor less than
40 times th¢ nominal diameter.

8.1.1.3 umber of test pieces

Test at leagt three test pieces.

8.1.2 Test temperature
The test temperature should generally be within the range of 5 °C to 35 °C. If necessary, carry out testing of

test pieces [from FRP-tendons that are sensitive to temperature or that are used at high temperatures af the
actual service temperature.

8.1.3 Test method

8.1.3.1  Mounting of test piece

Mount and support the test pieces on the tensile testing machine. Determine the area and geometry of the
surface supporting the anchorage, the tension in the FRP tendons and the manner of application of forces that
represents the actual conditions of the pre-stressed concrete structure as closely as possible.

8.1.3.2 Loading rate

The standard loading rate shall be a constant strain rate equivalent to 1 % strain per minute = 50 %.
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8.1.3.3  Scope of test

Continue loading up to the tensile failure, as determined either by the failure of the FRP tendon or by
excessive deformation of the anchoring device.

8.1.4 Calculations

Calculate the tensile capacity for each test piece and the average tensile capacity. Record also the modes of
failure, noting any deformation, damage, caving in, etc., of the anchorage.

8.2
8.2.

8.2.

Pre
and

8.2.
The

leng
nor

8.2.

Tes

8.2.
The)

of t
acty

8.2.

The)

8.2.4 Calculations

Cal
faild

—Testmethod-forperformmanceofcoupters

1 Test pieces

1.1 Preparation of test pieces

pare test pieces by attaching FRP or other tendons to one or both ends of,a-¢oupler. Any ot
their couplers shall have adequate strength relative to the FRP tendons being tested.

1.2 Dimensions of test pieces
recommended length of FRP tendon between abutments is3"'m (see Figure 6). However, W

ths are used, the length of FRP tendon between anchorage’and coupler shall not be less th
ess than 40 times the nominal diameter.

1.3 Number of test pieces

| at least three test pieces.

P Test temperature

test temperature should generally’be ‘within the range of 5 °C to 35 °C. If necessary, carry ou
pst pieces from FRP tendons that are sensitive to temperature or are used at high tempera
al service temperature.

B Test method

general provisions.in 8.1.3 shall apply.

tulate_thetensile capacity for each test piece and the average tensile capacity. Record also tH
re, noting any deformation, damage, caving in, etc., of the couplers.

her tendons

hen shorter
an 300 mm

l the testing
ures at the

e modes of

8.3

The

Test report
test report shall include the following items:
name and lot number of FRP tested;
type of fibre and fibre-binding material,
numbers or identification marks of test pieces;

designation, nominal cross-sectional area and diameter;
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e) date of test, test temperature, loading rate;
f) dimensions of test pieces and description of anchorage;
g) tensile failure capacity for each test piece, average tensile failure capacity and failure modes;

h) records of any deformation, damage, caving in, etc., of anchorages and couplers.

Key

anchorgge (test specimen)
abutmet

FRP tendon

anchoripg section

coupler
pre-stressing steel tendon
load cel

0 N o g b~ WN -

force

[V

L=30m

Figure 5 — Outline of test for performance of anchorage (example)

Key

1 anchorage 6 coupler

2  abutment 7  pre-stressing steel tendon
3 FRPtendon 8 loadcell

4 coupler (test specimen) 9 force

5 anchoring section a L[=30m

Figure 6 — Outline of test for performance of coupler (example)
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Test method for long-term relaxation

Test pieces

9.1.1 Preparation, handling and dimensions of test pieces

Prepare and handle test pieces in accordance with the provisions in Clause 6.

9.1.2 Number of test pieces

Tes|
out

9.2

9.2.
The)
stra
min
9.2

The

9.2.

The

| at least three test pieces. In cases when a test piece fails at, or slips out of, the anchoring-sg
an additional test on a separate test piece taken from the same lot as the failed test piece.

Testing frame and devices

I Testing frame and devices

testing frame and devices shall be capable of applying a sustained léad while maintaining
n. The loading device shall be capable of loading at a constant strain-rate equivalent to 1 9
Lite £ 50 %.

.2 Anchorages

anchorages shall be in accordance with the provisions in\Clause 6.

B Accuracy of initial load
accuracy of the initial load applied to the test'piece shall be as follows:
testing frame and devices with loading.capacity of < 1 kN: + 1,0 % of set load;

testing frame and devices with loading capacity of > 1 kN: + 2,0 % of set load.

9.2.4 Accuracy of load measurements

The)

accuracy of readings (©fyautomatic recording of loads applied to the test piece shall be within

initial load.

9.2.

The]
test
dist

b Strain fluctuations

test machine shall control strain fluctuations no greater than + 25 x 10-8in the test piece thr
period, once the strain in the test piece has been fixed. If the FRP slips from the anchoring
hnce.of slippage shall be compensated so as not to affect the test results.

bction, carry

a constant
o strain per

D,1 % of the

bughout the
section, the

9.2.6 Extensometer and strain gauge

If an extensometer or strain gauge is to be fitted to the test piece, the extensometer or strain gauge shall be in
accordance with the provisions in Clause 6.

9.2.7 Measurement of time

The passage of time during the test shall be measured with appropriate equipment (timer, etc.) with an
accuracy of within 1 % of the elapsed time.

© 1SO 2008 — All rights reserved
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9.3 Test

temperature

The test temperature should normally be within the range of 20 °C + 2 °C, except in special circumstances. In
cases when the temperature has a major effect on the test results, additional tests should be carried out at
0 °C and at 60 °C. In either case, temperature fluctuation over the test period shall be not more than + 2 °C.

9.4 Test

9.4.1

method

Mounting of test piece and gauge length

Mounting o

9.4.2 Pre

test pleces and gauge lengtn shall be In accordance with the provisions In Clause ©.

stretching

In cases when a strain gauge is used for a test piece, the latter shall be stretched taut by applying a loag

10 % to 40

9.4.3 Initi

The initial |
load shall b

9.44 App
a) Theini
b) The sp

The st
mainta

c)

Yo of the prescribed initial load before fixing and calibrating the strain gauge.

Bl load

e 70 % of the guaranteed tensile capacity.

lication of initial load
ial load shall be applied without subjecting the test piece\to any shock or vibration.
bcified rate of loading the test piece shall be between 200 N/mm?2/min + 50 N/mm2/min.

ain on the test piece shall be fixed after the\initial load has been applied to the test piece,
ned for 120 s + 2 s. This time shall be deemed to be the test start time.

9.4.5 Megsurement of load reduction

Load redug
Load reduc
attached to
elapsed unl
24 h, 48 h,

9.5 Calc

9.5.1

The relaxat

tion shall generally be measured over a period of at least 1 000 hours unless otherwise agr
ion shall be recorded automatically by a recorder attached to the testing machine. If no record
the testing machine, load-reduction shall be measured and recorded after the following times
ess otherwise agreed:\1)min, 3 min, 6 min, 9 min, 15 min, 30 min, 45 min, 1 h,1,5h,2h, 4 h, 1
2 h, 96 h, 120 h. Subsequent measurements shall be taken at least once every 120 h.

ulations

Relaxation:value

oh-yalue shall be calculated by dividing the load measured in the relaxation test by the initial lo

d of

bad shall be the expected load at transfer. When this load is unkriown, the recommended initial

and

bed.
Br is
ave
0h,

9.5.2 Relaxation curve

The relaxation curve shall be plotted on a semi-logarithmic graph where the relaxation value, expressed as a
percentage, is represented on an arithmetic scale on the vertical axis, and the test time, expressed in hours, is
represented on a logarithmic scale on the horizontal axis. An approximation line for the relaxation time, Y,
expressed as a percentage, shall be derived from the graph data using the least-squares method as given in

Equation (1

Y =k

22

1):

—kp, -logt

(11)

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=0b81324877582dbf264fda489e33f1f0

where
t is the time, expressed in hours;
ks k, ~ are empirical constants.

The coefficient of determination, 72, is calculated as given in Equation (12):

n

D[ = (ka —kp -logy; )}2

2 4 i=1

ISO 10406-1:2008(E)

(7Y

n
i=1
9.6| Test report
Thejtest report shall include the following items:

a) |name, shape, date of manufacture and lot number of FRP tested;
b) |type of fibre and fibre-binding material;

c) |numbers or identification marks of test pieces;

d) |designation, nominal cross-sectional area and diameter;

e) |date of test, test temperature and temperature fluctuations;

f) |type of test machine;

g) |[initial load and loading rate of initial load;

h) |guaranteed tensile capacity, and ratio of initial load to guaranteed tensile capacity;

i) [relaxation curve for each testpiece;

j) |average relaxation rates at 10 h, 120 h and 1 000 h;

k) |formula for derivation of an approximation line and its coefficient of determination.

10 | Test method for tensile fatigue

10.1 Test pieces

(12)

10.1.1 Preparation, handling and dimensions of test pieces

Preparation, handling and dimensions of test pieces shall be in accordance with the provisions in Clause 6.

10.1.2 Number of test pieces

Test at least three test pieces for each of the three load levels. If a test piece fails at, or slips out of, the
anchoring section, an additional test should be carried out on a separate test piece taken from the same lot as

the failed test piece.
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10.2 Testing machine and devices

10.2.1 Testing machine

The testing machine shall be capable of maintaining a constant load (stress) amplitude, maximum and
minimum repeated load (stress) and frequency. The testing machine shall be fitted with a counter capable of
recording the number of cycles to failure of the test piece. The accuracy of the load shall be within 1 % of the

load range.

10.2.2 Anchorage

The anchor
shall be uss

age shall be in accordance with the provisions in Clause 6. Ideally, the same type of anecho
d for all test pieces in a given series of tests.

10.2.3 Strdin measurements

If strain me
maintaining

10.3 Test

Asurements are required as part of the fatigue tests, an extensometer and strain gauge capab
an accuracy of + 1 % of the indicated value during the test shall be used,

temperature

The test tenperature should generally be within the range 5 °C to 35 °C~The specified test temperature

age

e of

2 for

test pieces pensitive to temperature variations shall be 20 °C + 2 °C.

10.4 Test|method

10.4.1 Mounting of test pieces

Mounting of test pieces shall be in accordance with the provisions in Clause 6.

10.4.2 Loa( setting

For the purpose of determining an S-N curve, set the maximum and minimum loads by one of the folloying

three methg

a) Fixthe

b) Fix the

c) Fixthe
Determine

shall be set
FRP materi

ds.

average load and vary.the-load amplitude.

minimum load and vary the maximum load.

load ratio andAvary the maximum and minimum load according to this fixed ratio.

he method adopted according to the purpose of the test. In any case, at least three load le

such'that the range of number of cycles to failure is between 103 to 2 x 108. Typical S-N curve
bls- utilize a fixed load (stress) ratio, R, of 0,1.

vels
5 for

10.4.3 Frequency

The frequency should normally be within the range of 1 Hz to 10 Hz.

10.4.4 Start of test

After static loading up to the average load, commence repeated loading. Introduce the prescribed load rapidly
and without any shock. The maximum and minimum repeated loads shall remain constant for the duration of
the test. Counting of the number of cycles should normally commence when the load on the test piece has
reached the prescribed load.
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10.4.5 End of test
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Complete separation (breaking) of the test piece shall be deemed to constitute failure; record the number of
cycles to failure. If the test piece does not fail after 2 x 108 cycles, the test may be discontinued. Do not reuse

test

pieces that did not fail.

10.4.6 Interruption of test

Tests should normally be conducted without interruption for each test piece from the start to the end of the test.
When a test is interrupted, record the number of cycles up to the time of interruption and the period of the

roperties of
sregard the
ction is not

nted on an
cale on the
right-facing

f three load
ion of three

intepruption

10.p Calculations

10.5.1 Calculations

Disflegard data for test pieces that slipped from the anchoring section in assessing the material g

FRR. In cases where tensile failure or slippage has clearly taken place at the_ anchoring section, d

datq. Additional tests should be carried out until the number of test pieces-failing in the test sg

fewer than three.

10.8.2 S-N curve

Plof the S-N curve with the maximum repeated stress, stress.range or stress amplitude represe

arithmetic scale on the vertical axis, and the number of &ycles represented on a logarithmic s

horigontal axis. Where measurement points coincide, noté the number of coinciding points. Add

arrgws to indicate points representing test results for remaining test pieces that did not fail.

10.8.3 Fatigue strength

Der|ve the fatigue strength at 2 x 106 cycles by interpolation on an S-N curve obtained by one o

seclion methods [see 10.4.2 a), b) or c)]\discussed above. Report the fatigue strength to a precig

sigrfificant digits.

10.6 Test report

Theltest report shall include ‘the following items:

a) |name, shape, daté)of manufacture and lot number of FRP tested;

b) |type of fibresand fibre-binding material;

c) |numbers or identification marks of test pieces;

d) |designation, nominal cross-sectional area and diameter;

e) date of test, test temperature and humidity (from start to end of test);

f)  maximum load (stress), minimum load (stress), load (stress range), number of cycles to
frequency rate for each test piece;

g) record of observed failure mode for each test piece;

h) S-N curve and fatigue strength.
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11 Test method for alkali resistance

11.1 Test

pieces

11.1.1 Preparation of test pieces

Do not subject the test pieces to any processing before testing. For FRP grid, liner test pieces may be
prepared by cutting away extraneous parts in such a way as not to affect the performance of the part being

tested.

11.1.2 Sto

Store the test pieces carefully and protect against all deformation, heating and exposure to ultraviolet |

which can ¢
pieces.

11.1.3 Len
The length

the FRP bz
less than 2

11.1.4 Nun
Test at leas

or slips out
from the sa

11.2 Imm

11.2.1 Pre
The alkalin

concrete. T
solution cor

11.2.2 Prey

In order to
ends of the

11.2.3 Immersion‘temperature

gth of test pieces

age of test pieces

ause changes to the material properties of the test pieces during sampling and preparation of

ght,
test

of the test section shall not be less than 100 mm, nor less than 40 times the nominal diametgr of

r. For a stranded FRP bar, the length shall be in accordance with‘the above provisions and
times the strand pitch.

hber of test pieces
t five test pieces for pre- and post-immersion tensile testing. In the event that a test piece fail

of, the anchoring section, an additional test should(be’ carried out on a separate test piece t3
me lot as the failed test piece.

brsion in alkaline solution

paration of alkaline solution
p solution used for immersion shall have the same composition as the pore solution found in

he solution should have anSinitial pH above 13. For example, the composition of the alka
sists of 8,0 g of NaOH and'22,4 g of KOH in 1 | of deionized water.

yention of infiltration of solution into test piece

prevent the infiltration of the solution via the ends of the test pieces during immersion, coat
test pieces with epoxy resin and allow to cure.

The specifigdtemperature for immersion shall be 60 °C + 3 °C.

not

5 at,
ken

the
line

both

11.2.4 Mounting of test piece

Mount the test piece on the immersion apparatus. If necessary, a tensioning load shall be applied to the test
piece. Prevent the alkaline solution from absorbing CO, from the air and from the evaporation of water during

immersion.

11.2.5 Period of immersion

The specified immersion period shall be one month.
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11.2.6 Post-immersion treatment

Wash the test piece in water after immersion.
11.3 External appearance and mass change

11.3.1 Inspection of alkaline solution

Measure the pH value of the alkaline solution before and after the alkali resistance test.

11.3.2 External appearance

Examine the external appearance of the test piece before and after the alkali resistance test, for comparison
of cplour, surface condition and change of shape. If necessary, the test piece may be sectioned and polished,
and|the condition of the cross-section examined using a microscope.

11.3.3 Measurement of mass change

Aftdr immersion, remove from the test piece the ends to which the epoxy résin’ was applied; dry thie test piece
and[ measure the mass until the mass is constant. Calculate the rate of ‘percentage mass loss,| Ry, using
Equation (13):

Ram - {(mo/L’:());L(;W/M)}MOO (13)

whdre

mq is the mass before immersion, expressedin grams;

Ly is the length before immersion, expressed in millimetres;
m4 is the mass after immersion, expressed in grams;

L, is the length of test pieGe‘from which both ends have been removed after immersion, ekpressed in
millimetres.

11.4 Tensile test

11.4.1 Testing machine and devices

Testing machine and devices shall be in accordance with the provisions in Clause 6.

11.4.2 Test temperature and test method

The test temperature and test method shall be in accordance with the provisions in Clause 6.
11.5 Calculations

11.5.1 Calculations

Assess the material properties of FRP bar only on the basis of test pieces undergoing failure in the test
section. If tensile failure or slippage takes place at the anchoring section, disregard the data. Additional tests
should be carried out until the number of test pieces failing in the test section is not less than five.
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11.5.2 Tensile capacity retention rate

Calculate the tensile capacity retention rate, R, expressed in percent, with a precision to two significant digits
according to Equation (14):

F

Rt =—21x100 (14)
Fyo
where
F i lo 4 H oY £4 : : P '
U1 g UIC CTIoNT Ldpyaully artcl 1Tl olUlT, TAPTTOoOTU T TITWILIUTTS,
Fyo ig the tensile capacity before immersion, expressed in newtons.

11.6 Test|report
The test regort shall include the following items:
a) basic ipformation:
— name, shape, date of manufacture and lot number of FRP tested;
— type of fibre and fibre-binding material;
— numbers or identification marks of test pieces;
— depignation, nominal cross-sectional area and diameter;
— date of start and end of immersion;
b) information related to alkaline solution immersion:
— composition of alkaline solution, pH, temperature, immersion period and time;

— tensioning load and ratio of tensioning load to nominal tensile capacity (if tensioning is not carrieq out,
thip fact should be noted);

— reg¢ord of observation gf-external appearance, and rate of mass loss;
c) information related to-tensile testing:

— tegt temperature and loading rate;

— tensilel_capacities for immersed and non-immersed test pieces, with averages and stangard
de'[/iations of tensile capacities and tensile strength;

— tensile rigidity, Young’s modulus and the averages of these for all immersed and non-immersed test
pieces;

— ultimate strain for all immersed and non-immersed test pieces, and average ultimate strain;
— tensile capacity retention rate;

— stress-strain curve for all immersed and non-immersed test pieces.
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12 Test method for creep failure

12.1 Test pieces

12.1.1 Preparation, handling and dimensions of test pieces

Test piece shall be prepared and handled in accordance with the provisions in Clause 6.

12.1.2 Number of test pieces

Tesr at least three test pieces for each test condition. If a test piece fails at, or slips out of,the anchoring
seclion, an additional test should be carried out on a separate test piece taken from the same\lot"as the failed
test|piece.

12.2 Testing frame and devices

12.2.1 Testing frame and devices

Thel testing frame and devices shall be capable of maintaining constant‘and sustained load, evep if the test
piede deforms.

12.2.2 Anchorage

Thelanchorage shall be in accordance with the provisions in.Clause 6.

12.2.3 Extensometer and strain gauge

Thelextensometer and strain gauge shall be in accordance with the provisions in Clause 6.

12.2.4 Measurement of time

The| passage of time during the test-shall be measured with appropriate equipment (timer, efc.) with an
accyracy of within 1 % of the elapsed time.

12.3 Test temperature

The|temperature should be within the range 20 °C + 2 °C, except in special circumstances.

12.4 Tensile capacity

Thel tensile.capacity shall be calculated in accordance with the provisions in Clause 6.

12.5 Test method

12.5.1 Mounting of test piece and gauge length

Mounting of the test pieces and gauge length shall be in accordance with the provisions in Clause 6.
12.5.2 Loading

— Take care during loading to prevent the test piece from being subjected to any shock or vibration.

— Perform the loading promptly, and record the initial loading time.
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pieces

has been completed.

The creep force shall not be allowed to decrease by 2 % or more from the nominal figure.

12.5.3 Selection of sustained loads to be applied

tensile

capacity.

4000

TN latla. | £1
U TIUUT O UT 1TUd

The creep test measurement is considered to start at the moment when the prescribed loading to the test

Conduct the creep tests for not less than five sets of load ratio conditions, selected on the basis of the

ing.

One s

12.5.4 Megsurement of creep strain

Creep strai
attached to
1 min, 3 mi
and subseq

12.6 Calc

12.6.1 Handling of data

Assess the

L £ | 43 PRHH I L Ll 4 £ oo <l £ L] £
LU 1uau 1auu CUTTUTIUUTNS ofidil VT outLlT iat trict 1ICTol PICTULT O UU TIUL TdIT Attt T UU

n shall be recorded automatically by a recorder attached to the testing machine. df.no record
the testing machine, measure and record the creep strain after the following times have elap
N, 6 min, 9 min, 15 min, 30 min, 45 min, 1 h, 1,5h, 2 h, 4 h, 10 h, 24 h, 48 h, 72'h, 96 h and 12
uently, every 24 h with a minimum of one measurement every 120 h.

ulations

material properties of FRP bars only on the basis of test pieces undergoing failure in the

section. If
additional t
three.

Disregard d
the creep f3

12.6.2 Loa

For each te
logarithmic
failure time

12.6.3 Creegp failure line chart

Prepare a
graphed da

Ryc =

e
(lsts should be carried out until the number of test piecés failing in the test section is not fewer

d ratio/creep failure time curve

la using theleast-squares method according to Equations (12) and (15):

nsile failure or slippage has clearly taken place at the’anchoring section, disregard the d

ata of test pieces breaking at the start of loading. In such cases, record only the applied load
ilure time, but exclude them from the datayit is not necessary to perform additional tests.

st piece subjected to creep test, the load ratio/creep-failure time curve shall be plotted on a s
graph where the load ratio is-represented on an arithmetic scale on the vertical axis and the crs
expressed in hours, is represented on a logarithmic scale on the horizontal axis.

treep-failure lide chart based on the creep load ratio, Ry, and calculate the best-fit line for

kg — kg-logt

Br is
5ed:
0 h;

test
ata;
han

and

BMi-
bep-

the

15)

12.7 Test

report

The test report shall include the following items:

a)
b) type of
Cc) numbe
d)
e) date of
30

name, shape, date of manufacture and lot number of FRP tested;

fibre and fibre-binding material;

rs or identification marks of test pieces;

designation, nominal cross-sectional area and diameter;

test, test temperature;
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f)  type and name of testing frame and devices;

g) type and name of anchorage;

h) tensile capacity, and average tensile capacity and tensile strength for each test piece;
i) initial loading time;

j) load ratio/creep failure time curve;

k) creep strain/time curve for each test piece;

[) |formula for derivation of the approximation line and its coefficient of determination.

13 |Test method for transverse shear strength

13.1 Test pieces

13.1.1 Preparation of test pieces

Test pieces shall not be subjected to any processing and shall be-as straight as possible. Severgly bent test
piedes should not be used.

13.1.2 Handling of test pieces

When obtaining and preparing test pieces, avoid all defermation, heating, and outdoor exposure fo ultraviolet
light, which can cause changes to the material propérties of the test section of the test piece.

13.1.3 Length of test pieces

Tes} pieces shall be of constant length-regardless of the nominal diameter of the FRP bars. The [length shall
not pe less than 5 times the shear plane‘interval and not more than 300 mm.

13.1.4 Number of test pieces

Test at least three test pieces. If a test piece shows significant pull-out of fibres, indicating that fhilure is not
due|to shear, an additional test should be carried out on a separate test piece taken from the same lot as the
failgd test piece.

13.2 Testing. machine and devices

13.2.1 Testing machine

ThetestingmmachineshoutdconformT tothe Tequirements of 1SO7500=1—The testing mmachine—shall have a
loading capacity in excess of the tensile capacity of the test pieces and shall be capable of applying loading at
the required loading rate. The testing machine shall also be capable of giving readings of loading accurate to
within 1 % during the test.

13.2.2 Shear testing apparatus

The shear-testing apparatus (see Figures 7 to 9) shall be constructed so that a rod-shaped test piece is
sheared on two planes more or less simultaneously by two blades (edges) converging along the faces
perpendicular to the axial direction of the test piece. The discrepancy in the axial direction between the upper
and lower blades shall be of the order of 0 mm to 0,5 mm, and shall be made as small as possible. The
specified distance between shear planes shall be 50 mm.
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Key

1 push-injcutter
2  testpiege
3  test pieg¢e holder

Figure 7 — Double shear test machine (transverse shear test)

Figure 8 — Combinations of test pieces and test machine contact surfaces

Key

1 upper blade
2  lower blade

Figure 9 — Conceptual diagram of contact stresses from the test apparatus acting on the test piece
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