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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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INTERNATIONAL STANDARD ISO 10406-1:2015(E)

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

Part 1:
FRP bars and grids

1 (Scope

Thip part of ISO 10406 specifies test methods applicable to fibre-reinforced polymer (FRH) bars and
grids as reinforcements or pre-stressing tendons in concrete.

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.

[S0|291:2008, Plastics — Standard atmospheres for conditioning and testing

[SO|3611, Geometrical product specifications (GPS) — Dimensional measuring equipment: Micrpmeters for
extgrnal measurements — Design and metrological characteristics

[SO|4788, Laboratory glassware — Graduated measuring cylinders

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

[S0|13385-1, Geometrical product specifications (GPS) — Dimensional measuring equipment — Part 1:
Calljpers; Design and metrologicdal«chHaracteristics

3 [Terms, definitions, and symbols

3.1] Terms and-definitions
For|the purposes'of this document, the following terms and definitions apply.

3.11
alkplinity
condition of having or containing hydroxyl (OH-) ions; containing alkaline substances

Note 1 to entry: In concrete, the initial alkaline environment has a pH above 13.

3.1.2
anchorage reinforcement
latticed or spiral reinforcing steel or FRP connected with the anchorage and arranged behind it

3.1.3

anchoring section

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

© IS0 2015 - All rights reserved 1
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average load
<stress> average of the maximum and minimum repeated load (stress)

3.1.5

bending angle
angle formed by the straight sections of a test piece on either side of the deflector

3.1.6

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

diameter

3.1.7

the FRP bar

bending tensile capacity

tensile loa

3.1.8
coefficien
average co

at the moment of failure of the test piece

[ of thermal expansion
efficient of linear thermal expansion between given temperatures

Note 1 to enftry: The average of the given temperatures is taken as the representative temperature.

3.19

continuous fibre
general terjm for continuous fibres of materials such as carbon, aramid, and glass

3.1.10
coupler
device cou

3.1.11

bling tendons

creep failure capacity

load causir

Note 1 to en

g failure after a specified period aftime from the start of a sustained load

kry: In particular, the load causing failure after 1 million hours is referred to as the million-hour c

failure capafity.

3.1.12

creep failure strength

stress cauy

ing failure after a'specified period of time from the start of a sustained load

Note 1 to enlﬁry: In particularthe load causing failure after 1 million hours is referred to as the million-hour c

failure stre

3.1.13
creep fail

gth.

retime

time betw¢enthe start of a sustained load and failure of a test piece

3.1.14

creep failure
failure occurring in a test piece due to a sustained load

3.1.15

creep strain

differentia

3.1.16
creep

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

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

eep

eep
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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

3.1.

FRP bar and which is sometimes installed in the deflected section

19

fatigue strength
maximum repeated stress at which the test piece does not fail at the prescribed number of ¢

3.1J20
fibrre-reinforced polymer

FR
con|
imp

31

regnated with a fibre-binding polymer

21

frequency

nun

3.1

ber of loading (stressing) cycles in 1 s during the test

22

FRP bar

con
con,
poly

31

ymer resin material

23

gauge length

stra
or g

31

grid

twd

similar device

24

-dimensional (planar) or)three-dimensional (spatial) rigid array of interconnected FR

form a continuous latticé that can be used to reinforce concrete

3.1
loa
loa
one

3.1
loa

25

1 amplitude

1 (stress) amplitude

thalf of the load (stress) range

26,
1 (stress) range

ycles

posite material, moulded and hardened to the intended shape, consisting of contintious fibres

posite material formed into a long, slender structural shape suitable for use as reinfofcement in
crete and consisting primarily of longitudinalstinidirectional fibres bound and shaped by a rigid

ight portion along the length of a testpiece used to measure the elongation using an exfensometer

P bars that

dif

3.1.

erence between maximum and minimum repeated load (Stress)

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

3.1.

29

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

© ISO 2015 - All rights reserved
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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 peripheral length
peripheral length of the FRP that forms the basis for calculating the bond strength and that shall be
determinegl separately for each FRP

3.1.33
number of cycles
number of fimes the repeated load (stress) is applied to the test piece

3.1.34

relaxation
stress relgxation
time-dependent decrease inload in an FRP held at a given constant temperature‘with a prescribed injtial
load applied and held at a given constant strain

3.1.35
relaxation] rate
percentagd reduction in load relative to the initial load after a given period of time, under a fixed stfain

Note 1 to erftry: In particular, the relaxation value after 1 millionchours (approximately 114 years) is referrgd to
as the hundfed-year relaxation rate.

3.1.36
repeated load (stress)
load (stresf) alternating cyclically between fixed maximum and minimum values

3.1.37

S-N curve
curve plotted on a graph with repeated*stress on the vertical axis and the number of cycles to fatigue
failure on fhe horizontal axis

3.1.38
tendon
FRP
resin-bound constructien-made of continuous fibres in the shape of a tendon used to reinforce concrete
uniaxially

Note 1 to enftry: Tendons are usually used in pre-stressed concrete.

3.1.39
thermo-mechanical analysis

TMA

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

3.141
ultimate strain
strain corresponding to the maximum tensile force

4 © IS0 2015 - All rights reserved
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3.2 Symbols
See Table 1.
Table 1 — Symbols
Symbol |Unit Description Reference
A mm? Nominal cross-sectional area of test piece 5.3,64
D mm Nominal diameter 5.3
E N7/mm2—Young s modutus 64"
Fy N Maximum tensile force @J
fu N/mm?2 |Tensile strength ,\~(}'6.4
&u — Ultimate strain 0 " |64
AF N Difference between loads at 20 % and 50 % of maxim@‘\) 6.4
tensile force N
Ag — Strain difference between AF ‘G’U 6.4
T N/mm2 |Bond stress r‘\\\v 7.4
p N Tensile load in the pull-out test /\<< - 74
u mm Nominal peripheral length of test pngV 74
l mm Bonded length s\Q\\ 74
Y % Relaxation rate \X\Q ) 9.5.4
¢ h Time N 9.5.4
ka — Empirical constant A’\‘O 9.5.4
kp — Empirical constant \O 9.54
Rah % Mass loss ratig(\c\)b
Vo mm3 Volume of W,age‘}\in the measuring cylinder 53
Vs mm3 Volum(;.@xé sum total of water and test piece 5.3
Iy mm Leng@y\gf test piece 5.3
mo g &@’before immersion 11.4
Lo mm AO;Egngth before immersion 11.4
mq g Qy Mass after immersion 11.4
L1 @32\‘ Length after immersion 114
Ret| | VS /g Tensile capacity retention rate 11.5)2
Fu1l d)\‘ N Tensile capacity before immersion 11.5)2
Fuo - N Tensile capacity after immersion 11.5.2
Ryc — Creep load ratio 12.6.3
Ts N/mm?2 |Shear stress 13.5.2
Ps N Shear failure load 13.5.2
dsp 1/°C Coefficient of thermal expansion 15.4.1
ALspm 1 Difference in length of test piece between temperatures 15.4.1
T1and T2
ALrefm i Difference in length of specification test piece for length 154.1
calibration between temperatures T1 and T
Lo m Length of test piece at room temperature 15.4.1

© ISO 2015 - All rights reserved



https://standardsiso.com/api/?name=1a9afc2084427aa5533f9cd905a63266

ISO 10406-1:2015(E)

Table 1 (continued)

Symbol |Unit Description Reference
T2 °C Maximum temperature for calculation of coefficient of 15.4.1
thermal expansion (normally 60 °C)
T1 °C Minimum temperature for calculation of coefficient of 15.4.1
thermal expansion (normally 0 °C)
Qset 1/°C Coefficient of thermal expansion calculated for specification 15.4.1
test piece for length calibration between temperatures
Tl alld TL
4 General provision concerning test pieces

Unless oth

erwise agreed, test pieces shall be taken from the bar or grid in the “as-delivefed” condit

on.

In cases where test pieces are taken from a coil, they shall be straightened prior te 'any test by a simple

bending op

For the dg
test piece
requireme

When a teg

eration with a minimum amount of plastic deformation.

termination of the mechanical properties in the tensile, bond,~and anchorage tests,
may be artificially aged (after straightening, if applicable) depending on the performa
hts of the product.

t piece is “aged”, the conditions of the ageing treatmentshall be stated in the test report.

5 Test method for cross-sectional properties

5.1 Test

5.1.1 Pr¢

Test pieces
material (F

pieces

pparation of test pieces

shall be cut to a predeterminedlength and finished flat at their cut end from the mof
RP) for tensile test.

5.1.2 Length of test pieces

The length
shall be 20

5.1.3 Nu

The numbyg

5.2 Test

of test pieces shall’be 100 mm when approximate nominal diameter is 20 mm or less,
0 mm when approximate diameter is over 20 mm.

mber of testpieces

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

the
nce

her

and

mathad
eTnotr

The test procedure is as follows.

a)

Measure the length of the test piece using the vernier callipers in accordance with ISO 13385-1.

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 ISO 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.

© ISO 2015 - All rights reserved
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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
shall 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
measurement, a surface-tension-reducing solvent, such as ethanol, can be added to the water for the purpose
of controlling the generation of air bubbles.

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

Q

e tCllllJCl attret ang of 20 °C to

ralvn 2L
G LlU 49

Tl i ' i 1 111 L 4] £4rC
e I'TIIC LTSU LCllllJCl dlulr T SiidIll DT VWILIIIIT LITT lallSC Ul 1J

30 °C is applicable for warm countries.

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

Approximate diameter of | Capacity of measuring
test piece cylinder
mm ml
under 10 10 or 20
11to 13 25
14 to 20 50,0r 100
21to 25 100
over 25 300 or 500

5.3| Calculations

Calgulate the nominal cross-sectional area,-4, of the test piece from Formula (1) and round off to one
plage after the decimal point:

VsV (1)

whére

Vs is the volume of'the sum total of water and test piece, expressed in cubic millimetre§;
Vo is the volunye/of water in the measuring cylinder, expressed in cubic millimetres;
lo is the tength of the test piece, expressed in millimetres.

NOTE The nominal cross-sectional area includes the area of surface-bonded sand particles, surface-bonded
trarjsverse wraps, and other non-load-bearing areas.

Calculate the nominal diameter, D, from Formula (2) and round off to one place after the decimal point:

D =2\/E (2)
I

where

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

© IS0 2015 - All rights reserved 7
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5.4 Testreport

5.4.1 Mandatory information

The test report shall include the following items:

a) date of testing;

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

c) nominal cross-sectional area;

d) nominpl diameter.

5.4.2 Adfitional information

The test report may include the following additional items:
a) capacity of measuring cylinder used in the test;

b) length|of test piece;

c) volume of water in the measuring cylinder;

d) volume of the sum total of water and the test piece;

e) name ¢f the solvent, if any solvent is used in the test.

6 Test method for tensile properties
6.1 Testpieces

6.1.1 Pre¢paration of test pieces

Cut test pipces to predetermined length inh accordance with 6.1.2, in such a way as not to affect|the
performanice of the part being tested. For FRP grids, linear test pieces can be prepared by cutting ajvay
the extran¢ous part. Leaving a 2 mim projection of the crossbars is recommended.

6.1.2 Length of test pieces

— e

The length|of test pieces)shall be taken to be the sum of the length of the test section and the anchor
section (sep Figure 1)

ng

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

a) For barsythe length shall be not less than 300 mm and not less than 40 times the nominal diamgter.

b) 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.

c) 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.

8 © IS0 2015 - All rights reserved
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6.1.4 Number of test pieces

The total number of test pieces shall be at least five.
6.2 Test equipment

6.2.1 Testing machine

The testing machine should conform to the requirements for the tension-testing machine in accordance
with ISO 7500-1.

6.22 Anchorage

The anchorage shall be suited to the geometry of the test pieces and shall have the eapacity fo transmit
only the tensile force along the longitudinal axis of the test pieces.

6.2)]3 Extensometers and strain gauges

The extensometers and strain gauges used to measure the elongation-of the test piece undler loading
shal]l be capable of recording variations in the gauge length or elongation during testing with gn accuracy
of aft least 10-5. The gauge length of the extensometer shall be notiless than 100 mm and nqt less than
8 times the nominal diameter of the FRP bar. For stranded bars,%in addition to the above pr¢vision, the
gaupe length shall not be less than the strand pitch (see Figure 1. In systems with an unbond¢d external
shepth, make sure that the extensometer is measuring the'strain in the core fibre, not that in the sheath.

6.3| Test method

6.3]1 Mounting of the test piece

Mount the test piece on the testing machine;’such that only the axial load is transmitted (seelFigure 2).

6.312 Mounting of extensometert

Mouint the extensometer alongthe axis of the central portion of the test piece.

6.3{3 Loading method
Carfy out the loadingin accordance with the following requirements.

a) |Apply the load-at a constant rate without impact to the test piece. The rate of loading shall be 0,5 %
to 1,5 %strain per minute. The test time shall not exceed 5 min.

b) |Measure the strain at not fewer than 10 equally spaced loading increments until approximately two
thirds of the maximum tensile force.

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

6.3.4 Testtemperature

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

6.4.1 General

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

© IS0 2015 - All rights reserved 9


https://standardsiso.com/api/?name=1a9afc2084427aa5533f9cd905a63266

ISO 10406-1:2015(E)

failure within anchorage may be included. In cases when a result (in terms of the maximum tensile
force) deviates by 10 % or more from the average value, that result shall be ignored and only the four
remaining results shall be used. In such cases, if one result deviates by 10 % or more from the average
value calculated using the four results, all results shall be rejected and a new test shall be performed.
Rejected test results shall not be used for the calculation of tensile rigidity, Young’s modulus, or ultimate
strain.

The average, x, deviation, Ax;, and standard deviation, o, are defined as given in Formulae (3) to (5),
respectively:

1 &
X=N2>_Jx,- (3)
iF1
N
1 )
o= N (x,-—x) (5
i=1

N is the number of test pieces;

x; arg the sampling data.

6.4.2 Cr¢ss-sectional area

The cross{sectional area shall be the nominal crossé<sectional area calculated in accordance With
Clause 5. If the standard cross-sectional area is reported by the manufacturer of the FRP, the standard

cross-sect:Enal area may be used as the cross-sectional area. It is necessary to include the nomjfnal

cross-sectipnal area, effective fibre area, polymer area, and fibre strength in the value of the standard

cross-sectipnal area.

6.4.3 Tensile strength

Calculate the tensile strength, fu, €xXpressed in newtons per square millimetre, to a precision of three
significant|digits using Formula)(6):

fu:Fu/A (6)

where

F, istheinaximum tensile force, expressed in newtons;

A is thetrossssectionatares, exXpressed i square miimetres:

6.4.4 Tensile rigidity and Young’'s modulus

Calculate the tensile rigidity, Ea, expressed in newtons and Young’s modulus, E, expressed in newtons
per square millimetre, both to a precision of three significant digits, using Formulae (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

E,=—
A Ag

(7)

10 © IS0 2015 - All rights reserved
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_AF
Aex A

E 8)

where

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

Ae is the strain difference for AF.

6.4/5 Ultimate strain

Ultimate strain shall be the strain corresponding to the ultimate tensile capacity, when strain-gauge
megsurements of the test piece are available up to failure. In the event that the measuremeints from an
exté¢nsometer or strain gauge are not available up to failure, the ultimate straifi;ey, shall be| calculated
to a| precision of three significant digits using Formula (9):

F

e, =—2 9
Y ExA 9)

6.5 Testreport

6.5]1 Mandatory information

The test 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 polymer;

c) |numbers or identification marks ofitest pieces;

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

e) |date of testing, temperatare, loading rate;

f) |calculation method;

g) |average and standard deviation of the maximum tensile force (strength), and maximum tensile
force (strength))for each test piece;

h) |tensile rigidity and Young’s modulus for each test piece and average;

i) |average ultimate strain and ultimate strain for each test piece;

j) [stTess-strain curve for each test piece;

k) mode of failure for each test piece;

1) 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) average and standard deviation of the maximum tensile strength, and maximum tensile strength
for each test piece;
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c) Young’s modulus for each test piece and average;
d) stress-strain curve for each test piece;

e) fibre strength.

v

L
g > -
4
: -

Ltot = L +2 Lg

length of testsection, L gauge length,™ L4,

- bar L>300mm,40d

-strand | L 2300 mm, 40 d, 2 strand-pitch -stfand :Lg 2100mm, 8 d,strand-

- grid L 2300mm, 40 d, 3 cross-points

Key
1 anchorlng section
2 extensdmeter

3  testsedtion

Figure 1 — Test piece for tensile test

- bar, grid : Ly, 2100mm, 8 d

Ditc
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Key

1 |anchoring section
2 |FRProd

3 |strain gauge

4 |extensometer

5 |anchoring devices

-

@Figure 2 — Outline of tensile test

O

7 |Test method f (;nd strength by pull-out testing

S

7.1 Test pieQ@

Thd provi@?o} 6.1 shall apply.

7.1 léﬂgl;rication 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

-« ] d H dsh
PRt L <17 100 80 < dgp, S100
/ \
o | ® 1710 30 150 120 < dgp, S150
\ /
\ /
~
dbrl 2
3
d 4

A
I\
==
L\
\|
v
N
o

4d
A
I\

Key
1  spiral reinforcement ¢p = 6
2 concrete prism
3 anchor]ng section
4  FRP bar
a  Atleas300 mm and 40d
Figure 3 — Test piece for bond test (pull-out test)
Fable 3 — Dimensions of test pieces
FRP nomiinal External diameter of spiral
di nﬂe Sizeof cubea Bonded length reinforcement
iametler den
S
mm mm mm
<17 100 x 100 x 100 4 times nominal diameter |80 < dg,, < 100
17 to Q 150 x 150 x 150 A timesnominal diamaotor 17n£rlbhs 150

a  Ifitisnecessary 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.
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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 can 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, carry out
an gdditional test on a separate test piece prepared using FRP bars from the same,lot as th¢ failed test
piege.

7.1{7 Concrete quality

Malke 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 cmy;jand a 28-day cylinder compressive
strgngth of 30 N/mm?2 + 3 N/mm?2 for bond testing.

7.1{8 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-bondihg sections
of the FRP bar.

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

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

7.1/9 Removal of forms and curing

Remove the forms after’two days and then cure the test pieces in water at a temperature of 20 °C £ 3 °C
unt|l the time of testing. The temperature of 27 °C + 2 °C is applicable for warm countries.

7.2| Testing'machine and devices

7.2{1 ATésting machine

ThetestimgTmachime for putl-out tests siratt be capabie of accurately appiying tie prescribed load.

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 two times to three 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[acting on the test pieces (See FIgure 4J.

NZ

Key

1 LVDT

2 concrete prism Q?”
3 loadingplate %

4  spheri @Y\

5 FRPro

6  anchoring section

7  anchoring device

Figure 4 — Outline of bond test (pull-out test)

7.3.2 Loading rate
The standard loading rate shall be such that the average tensile stress of the FRP bar increases at a rate

of 10 N/mmZ2/min to 20 N/mm?2/min. Keep the loading rate as constant as possible so as not to subject
the test pieces to shock.
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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

orc

racking of the concrete.

Table 4 — Measurement increments

7.3
Thd

7.4

Wh
out
red
the

Slippage of free end Measurement increment
mm mm
<0;t 6,01
0,1to0 0,2 0,02
0,2t00,5 0,05
>0,5 0,1

4 Age of test pieces

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

Calculations

bn a test piece is judged to have undergone tensile failuré atthe anchoring section or to h

iced due to splitting or cracking of the concrete, rejectthe data and carry out additional
number of test pieces slipping from the concrete-0r where the load is significantly redy

splitting or cracking of the concrete is not fewer than three.

Cal
sign

ulate the bond stress, 7, expressed in néewtons per square millimetre, to a precisid
ificant digits using Formula (10), and plot the curve for the pull-out load or bond stj

slippage displacement for each test piece|

wh

r=—"
uxl

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

I isthe bonded length, expressed in millimetres.

7.5

hve slipped

of the anchoring section before the FRP bar slips fttem the concrete or the load is ngnificantly
e

st(s) until
ced due to

n of three
ess versus

(10)

Test report

The test report shall include the following items:

a)
b)
‘)
d)
e)
f)

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

type of fibre and fibre-binding polymer, type of surface treatment of fibres;
numbers or identification marks of test pieces;

designation, nominal cross-sectional area, and diameter;

date of test, test temperature, loading rate;

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

© ISO 2015 - All rights reserved
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g)
h)

8

8.1 Test

concrete mix, slump, and compressive strength at time of testing;
average and maximum bond stress, and failure mode for each test piece;

bond stress versus slippage displacement curve for each test piece.

Test method for performance of anchorages and couplers

method for performance of anchorages

8.1.1 Teq

t pieces

8.1.1.1 Preparation of test pieces

Prepare te
8.1.1.2 D
The recom
nor less th

8.1.1.3 N

Test at leag

8.1.2 Tes

The test te
of test piec|
at the actu

8.1.3 Tes

5t pieces by attaching an anchorage to one or both ends of the FRP tendon.

imensions of test pieces

mended length of FRP tendon between abutments is 3 m (see ‘Eigure 5). However, when
shorter lengths are used, the length of FRP tendon between anchorages shall not be less than 300

hn 40 times the nominal diameter.

umber of test pieces

t three test pieces.

t temperature

mperature should generally be within théyrange of 5 °C to 35 °C. If necessary, carry out tes

nm

[ing

es from FRP tendons that are sensitive to temperature or that are used at high temperatures

h] service temperature.

t method

8.1.3.1 Mounting of test piece

Mount and
the surface
forces that

8.1.3.2 L

The standd

support the testpieces on the tensile testing machine. Determine the area and geometn

y of

supporting thesarichorage, the tension in the FRP tendons, and the manner of application of

represents the-dctual conditions of the pre-stressed concrete structure as closely as poss

oading-rate

rdloading rate shall be a constant strain rate equivalent to 1 % strain per minute + 0,5 %.

ble.

[=)

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.

18
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8.2 Test method for performance of couplers
8.2.1 Test pieces

8.2.1.1 Preparation of test pieces

Prepare test pieces by attaching FRP or other tendons to one or both ends of a coupler. Any other tendons
and their couplers shall have adequate strength relative to the FRP tendons being tested.

8.2.1.2 Dimensions of test pieces

Theg recommended length of FRP tendon between abutments is 3 m (see Figure 6). Howgver, when
shofter lengths are used, the length of FRP tendon between anchorage and coupler shall'iot he less than
300 mm nor less than 40 times the nominal diameter.

8.2]1.3 Number of test pieces

Test at least three test pieces.

8.2)2 Test temperature

The test temperature should generally be within the range of 5,°C to 35 °C. If necessary, cafry out the
testling of test pieces from FRP tendons thatare sensitive to témperature or are used at high tefpperatures
at the actual service temperature.

8.213 Test method

Theg general provisions in 8.1.3 shall apply.

8.2}4 Calculations

Calgqulate the tensile capacity for each test piece and the average tensile capacity. Record alsq the modes
of failure, noting any deformation,cdamage, caving in, etc., of the couplers.

8.3| Testreport

Thq test report shall include the following items:
a) |name and lotamumber of FRP tested;

b) |type of fibte-and fibre-binding material;

¢) |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 and description of anchorage;
g) average tensile failure capacity, tensile failure capacity, and failure mode for each test piece;

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

~
(2
<

anchorgge (test specimen)
abutmgdnt

FRP terfdon

anchorjng section

couple
pre-str¢ssing steel tendon
load cell
force
L=30m

P00 N N U AW e

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

Key
1 anchorjge 6  coupler
2 abutmdnt 7  pre-stressing steel tendon
3 FRP terjdon 8 load cell
4 coupleq (test specimén) 9 force
5 anchoring section a L[=30m
Fignrn 6 — QOutline of test for pprfnrmnnl‘p of l‘nllplnr (nvnmplp)

9 Test method for long-term relaxation
9.1 Testpieces

9.1.1 Preparation, handling and dimensions of test pieces

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

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

9.2 Testing frame and devices

9.2.1 Testing frame and devices

The testing frame and devices shall be capable of applying a sustained load while maintaining a constant
strdin. The Toading device shalt be capable of toading at a constant strain rate equivatent roj1 % strain
per/minute * 0,5 %.

9.2]2 Anchorages

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

9.213 Accuracy of initial load
The accuracy of the initial load applied to the test piece shall be as follows:
— |testing frame and devices with loading capacity of <1 kN: £3{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 or automatic recording.of loads applied to the test piece shall be wijithin 0,1 %
of the initial load.

9,215 Strain fluctuations

Thetest machine shall control strain fluctuations no greater than 25 x 10-6 in the test piece throughout
the|test period once the strainn the test piece has been fixed. If the FRP slips from the| anchoring
section, the distance of slippage:shall be compensated so as not to affect the test results.

9.2]6 Extensometer and strain gauge

If ap extensometer dr-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.

9.217 Measurement of time

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

9.3 Test temperature

The testtemperature should normally be within the range of 20 °C + 2 °C, exceptin special circumstances.
The temperature of 27 °C + 2 °C is applicable for warm countries. 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.
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9.4 Test

method

9.4.1 Mounting of test piece and gauge length

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

9.4.2 Pre-stretching

In cases when a strain gauge is used for a test piece, the latter shall be stretched taut by applying a load
of 10 % to 40 % of the prescribed initial load before fixing and calibrating the strain gauge.

9.4.3 Ini

The initial
initial load

9.4.4 Ap
a) Thein
b) Thesp
c) Thest

maintg

9.4.5 Me

Load redud
Load redu
recorder is
following t
45 min, 1 h
least once

9.5 Calc

9.5.1 Rel

The relaxation value shall.be calculated by dividing the load measured in the relaxation test by

initial load

9.5.2 Re

The relaxa

fial load

load shall be the expected load at transfer. When this load is unknown, the recommen|
shall be 70 % of the guaranteed tensile capacity.

plication of initial load
tial load shall be applied without subjecting the test piece to any shoek or vibration.
ecified rate of loading the test piece shall be between 200 N/mm2/min + 50 N/mm2/min

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

asurement of load reduction

tion shall generally be measured over a period of at least 1 000 h, unless otherwise agr
‘tion shall be recorded automatically by a-¥écorder attached to the testing machine. I
attached to the testing machine, load reduction shall be measured and recorded after

,1,5h,2h,4h,10 h, 24 h,48 h, 720596 h, 120 h. Subsequent measurements shall be take
every 120 h.

ulations

axation value

axation.curve

[ioh curve shall be plotted on a semi-logarithmic graph where the relaxation value, expreg

das a percer

ded

and

bed.
F no
the

imes have elapsed unless otherwise agreed: 1 min, 3 min, 6 min, 9 min, 15 min, 30 1nin,

n at

the

sed

tage is rpprpqpn‘rpd on an arithmetic scale on the vertical axis: and the test time expres

sed

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 Formula (11):

Y=k, -

where
t

ka: kb

22

ky, -logt

is the time, expressed in hours;

are empirical constants.

(11)
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The coefficient of determination, r2, is calculated as given in Formula (12):

n

>[¥;~(ky ~ky -logt; )|

r?=1-151 ) (12)
(v ¥y
i=1

9.6 Testreport
The test 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 test piece;
j) |average relaxation rates at 10 h, 120 h, and ;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
10.1.1 Preparation, handling, and dimensions of test pieces
Preparation, handlirig, and dimensions of test pieces shall be in accordance with the prpvisions in
Clagise 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 slipq out of, the
ancharing section _an additional test shonld he carried out on a separate test piece taken froin the same

lot as the failed test piece.

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.
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10.2.2 Anchorage

The anchorage shall be in accordance with the provisions in Clause 6. [deally, the same type of anchorage
shall be used for all test pieces in a given series of tests.

10.2.3 Strain measurements

If strain measurements are required as part of the fatigue tests, an extensometer and strain gauge
capable of maintaining an accuracy of +1 % of the indicated value during the test shall be used.

10.3 Testitemperature

The test temperature should generally be within the range 5 °C to 35 °C. The specified test temiperafure
for test pieces sensitive to temperature variations shall be 20 °C + 2 °C. The temperature of 27°C + P °C
is applicable for warm countries.

10.4 Testymethod

10.4.1 Mdgunting of test pieces

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

10.4.2 Load setting

For the purpose of determining an S-N curve, set the maximum and minimum loads by one of|the
following three methods.

a) Fix thd average load and vary the load amplitude.
b) Fix thd minimum load and vary the maximum lead.
c) Fix thqdload ratio and vary the maximum and minimum load according to this fixed ratio.

Determine|the method adopted according to the purpose of the test. In any case, at least three load
levels shalllbe set such that the range of iumber of cycles to failure is between 103 to 2 x 106. Typical|S-N
curves for FRP materials to utilize a(fixed load (stress) ratio, R, of 0,1.

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 stati¢ loading up to the average load, commence repeated loading. Introduce the prescribed Joad
rapidly andl with for
the duraticne —cot g0 tHoer FeresS-SHottra oM 1Ty . a . adl on
the test piece has reached the prescribed load.

10.4.5 End of test

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 106 cycles, the test may be discontinued. Do not
reuse test pieces that did not fail.
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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 interruption.

10.

5 Calculations

10.5.1 General

Dis
pro
sect
int

10.

Plof
on
on {
righ

10.

Der
loaq
of t

10.
The

coard data for te piece Na Dped 1rom tne ancnoring se ON Il _asse NP
perties of FRP. In cases where tensile failure or slippage has clearly taken place atrthé
ion, disregard the data. Additional tests should be carried out until the number oftest pi
he test section is not fewer than three.

b.2 S-N curve

the S-N curve with the maximum repeated stress, stress range, or-stress amplitude r
n arithmetic scale on the vertical axis, and the number of cycles represented on a logari
he horizontal axis. Where measurement points coincide, note the number of coinciding |
t-facing arrows to indicate points representing test results for remaining test pieces that

5.3 Fatigue strength

e material

anchoring
pces failing

bpresented
hmic scale
boints. Add
id not fail.

ive the fatigue strength at 2 x 106 cycles by interpolation on an S-N curve obtained by ojne of three

| section methods [see 10.4.2 a), b), or c)] discussed@bove. Report the fatigue strength to
hree significant digits.

6 Test report

test report shall include the following-items:

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;

designation, nominal cross-sectional area, and diameter;

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

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

g)

A precision

ailure, and

record of observed failure mode for each test piece;

h)

11

11.

S-N curve and fatigue strength.

Test method for alkali resistance

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 can be
prepared by cutting away extraneous parts in such a way as not to affect the performance of the part
being tested.
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11.1.2 Storage of test pieces

Store the test pieces carefully and protect against all deformation, heating, and exposure to ultraviolet
light, which can cause changes to the material properties of the test pieces during sampling and

preparation of test pieces.

11.1.3 Length of test pieces

The length of the test section shall not be less than 100 mm, nor less than 40 times the nominal diameter
of the FRP bar. For a stranded FRP bar, the length shall be in accordance with the above provisions and

not less than2 times the strand pifr‘h

11.1.4 Number of test pieces

Test at leadt five test pieces for pre- and post-immersion tensile testing. In the event that a test piece fails

at, or slips put of, the anchoring section, an additional test should be carried out on a separate test p

taken fron] the same lot as the failed test piece.
11.2 Imnjersion in alkaline solution

11.2.1 Pr¢paration of alkaline solution

The alkaline solution used for immersion shall have the same composition as the pore solution fo
in the congrete. The solution should have an initial pH above 13:For example, the composition off

alkaline sojution consists of 8,0 g of NaOH and 22,4 g of KOH in"1.Y of deionized water.

11.2.2 Pr¢vention of infiltration of solution into test piece

In order to|prevent the infiltration of the solution via-the ends of the test pieces during immersion,

both ends ¢f the test pieces with epoxy resin andallow to cure.

11.2.3 Immersion temperature

The specified temperature for immersion shall be 60 °C + 3 °C.

11.2.4 Mdgunting of test piece

Mount the
correspon

alkaline sojution from absorbing CO; from the air and from the evaporation of water during immers

11.2.5 Period ofimmersion

The specified.immersion period shall be one month.

est piece on the immersion apparatus. [f necessary, a tensioning load, for example, aload 1
ing to the design-stress of FRP reinforcement, shall be applied to the test piece. Prevent

ece

und
the

foat

bvel

the
ion.

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.
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11.3.2 External appearance

Examine the external appearance of the test piece before and after the alkali resistance test, for
comparison of colour, 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

After immersion, remove from the test piece the ends to which the epoxy resin was applied; dry the test
piece and measure the mass until the mass is constant. Calculate the rate of percentage mass loss, Ram,

usi

g Formula (13):
[=] A\Y J

wh

11.

11.

Tes

11.
The

11.

11.

Ass
sect
test

Ram = {(MO/LO)_(ml/Ll)}xwo

mg /Ly
re

mp is the mass before immersion, expressed in grams;
Lo isthe length before immersion, expressed in millimetres;
m1 is the mass after immersion, expressed in grams;

L1 isthe length of test piece from which both ends havé)been removed after immersion
expressed in millimetres.

1 Tensile test

1.1 Testing machine and devices

[ing machine and devices shall be in-a€cordance with the provisions in Clause 6.

1.2 Test temperature and test. method

5 Calculations

b.1 General

pss the material properties of FRP bar only on the basis of test pieces undergoing failure
ion. If tensile failure or slippage takes place at the anchoring section, disregard the data.
s should be carried out until the number of test pieces failing in the test section is not leg

test temperature and testmethod shall be in accordance with the provisions in Clause 6.

(13)

in the test
Additional
s than five.
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11.5.2 Tensile capacity retention rate

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

R

e

where

Fu1 IS

tzixwo

u0

the tensile capacity after immersion, expressed in newtons;

Fu() IS

11.6 Test
The testre

a) basici

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

— numbers or identification marks of test pieces;

— de

— dalte of start and end of immersion;

b) inform
— co

— tel
Cca

— re
c) inform
— te

— ayv|
im

— ayv|
an

the tensile capacity before immersion, expressed in newtons.

report
port shall include the following items:

hformation:

be of fibre and fibre-binding material;

signation, nominal cross-sectional area, and diaméter;

ation related to alkaline solution immersjion:
mposition of alkaline solution, pH, temperature, immersion period, and time;

1sioning load and ratio of tensiening load to nominal tensile capacity (if tensioning is
Iried out, this fact should be hoted);

cord of observation of external appearance and rate of mass loss;
ation related to tensile testing:
t temperature-and loading rate;

prage and ‘standard deviation of the tensile capacity (strength) for immersed and 7
merseditests, and tensile capacity for each immersed and non-immersed test piece;

brage ‘tensile rigidity and average Young’s modulus for immersed and non-immersed te
dtensile rigidity and Young’s modulus for each immersed and non-immersed test piece;

(14)

not

on-

sts,

— 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

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

12.2 Testing frame and devices

12.2.1 Testing frame and devices

The testing frame and devices shall be capable of maintaining constant'and sustained load,|even if the
test piece deforms.

12.2.2 Anchorage

The anchorage shall be in accordance with the provisions.in Clause 6.

12.2.3 Extensometer and strain gauge

The extensometer 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 shotild be within the range 20 °C £ 2 °C, except in special circumstpnces. The
temperature of 272C# 2 °C is applicable for warm countries.

12.4 Tensile capacity

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

12.5 Testmethiod

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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the tes

12.5.3 Sel

tensile

t pieces has been completed.

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

ection of sustained loads to be applied

capacity.

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

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

One set of load ratio conditions shall be such that three test pieces do not fail after 1 000 h of loading.

12.5.4 Me

Creep strain shall be recorded automatically by a recorder attached to the testing machine. Ifno recot

is attached
elapsed: 1
and 120 h;

12.6 Calc

12.6.1 Ha

Assess the

section. If fensile failure or slippage has clearly taken place at the.anchoring section, disregard the d

additional
fewer than|

Disregard
and the cr
tests.

12.6.2 Load ratio/creep failure time curve

For each te
semi-logar
and the crg
axis.

12.6.3 Crq

Prepare a ¢
graphed dz

Ryc =

asurement of creep strain

to the testing machine, measure and record the creep strain after the following times H
min, 3 min, 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, 9
and subsequently, every 24 h with a minimum of one measurement every-120 h.

ulations

ndling of data

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

tests should be carried out until the number of test pieces failing in the test section is
three.

ata of test pieces breaking at the start of loading. In such cases, record only the applied
pep failure time, but exclude them from-the data; it is not necessary to perform additi

st piece subjected to creepitest, the load ratio/creep-failure time curve shall be plotted
thmic graph where thedoad ratio is represented on an arithmetic scale on the vertical
ep-failure time, expressed in hours, is represented on a logarithmic scale on the horizo

tep failure line chart

reep-failuye line chart based on the creep load ratio, Ry, and calculate the best-fit line for
ta usingthe least-squares method according to Formulae (12) and (15):

K5~ kp -logt

10
nal

der
ave
6 h,

fest
ata;
not

ad

na
hXis
htal

the

15)

12.7 Testreport

The test report shall include the following items:

a)
b)
c)
d)
e)

30

design

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;

ation, nominal cross-sectional area, and diameter;

date of test, test temperature;
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