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Bond Capacity of Near—Surface-Mounted CFRP Plate to Concrete Under Various Temperatures
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Abstract

This paper presents a series of test result in order to study fire resistance capacity of the Near-Surface-Mounted (NSM) Carbon
Fiber Reinforced Polymer (CFRP) plate, which are tensile test of CFRP under various temperature loading, temperature loading test
of epoxy and bond test of NSM CFRP to concrete under various temperature loading.

From the tests, it was found that NSM retrofit method had high efficiency in strengthening concrete under ordinary temperature.
However, the strength of the system was able to be drastically decreased even a little increase of surrounding temperature. Especially,
bond capacity begins to disappear when the surrounding temperature approaches the glass transition temperature of epoxy. Therefore, it
is necessary to improve the fire resistance capacity of both fiber reinforced polymer reinforcement and epoxy for bonding in order to

develop safe fire resistance design of structure.
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Table 1 Material properties of the CFRP

Elastic Tensile Critical
Type Modulgs Strength Temperature
(N/mm®) (N/mm®) (0)
CarboDur S512/80 165,000 2,800 150
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Fig. 1 Detail of test specimen for tensile strength

Table 2 Specimen list for tensile test of CFRP under
temperature variation

Test Specimens Name Temperature (C) No. of specimen
RTF 20
100TF 100
Three of each
150TF 150
200TF 200
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(a) Tensile test concept

(b) Picture of tensile test

Fig. 2 Tensile test layout under temperature variation

(c) 150TF (d) 200TF
Fig. 3 Tensile failure shape of CFRP
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Table 3 Tensile test result

. Result
Specimen Heating Ultimate
) temperature
fame () Load Strength ALL
&KN) (N/mm?)
RTF-1 43.96 2,290 0.017
RTF-2 20 35.46 1,847 0.023
RTF-3 45.38 2,364 0.015
Average 43.96 2,068 0.02
100TF-1 40.26 2,097 0.015
100TF-2 100 32.64 1,700 0.013
100TF-3 45.68 2,379 0.016
Average 43.20 1,955 0.02
150TF-1 29.88 1,556 0.015
150TF-2 35.66 1,857 0.013
e — 150
150TF-3 31.54 1,643 0.015
Average 39.59 1,790 0.02
200TF—1 33.90 1,766 0.012
200TF-2 200 38.22 1,991 0.013
200TF-3 30.62 1,595 0.014
Average 35.01 1,848 0.02
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Fig. 4 Load—elongation curve from tensile test
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Table 4 Thermal property of epoxy

Curing duration Temperature
(Day) (0)
Glass transition temperature ; 62
Heat deflection temperature 53
Table 5 Physical property of epoxy
Duration Elastic Compressive Shear Tensile
(Day) module strength strength strength
a (N/mm?) (N/mm?) (N/mm?) (N/mm?)
1 50-60 3-5 18-21
3 65-75 13-16 21-24
128,000
7 70-80 14-17 24-27
14 - 15-18 25-28
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Fig. 5 Heating test of epoxy
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Fig. 6 Surface state of epoxy before/after heating

200 -
Epoxy
. surface
= 150
S’
S
= Epoxy
= 100 - inside
T
)
=
E 50 -
et 200°C heating
0 T T T

0 30 60
Time (min.)
Fig. 7 Temperature transition to epoxy

5. 20 T2 EANQTO| Sats A3

5.1 &A=

ZAYE S5 @A oldate] vyl e e
7 AT AR ARAE A ] AR Wt u
2 e WIkE ads] A%t AgE AAsklth A9
s A AT oA A RS VIR A
s SOl oFA] AERst At Fds F 1
AR} ZEAAIRE o] % 'Rl QIS Thste] At

-

AAXSFCHRR| AR ESs| =28 M17H M45(2013.7) 19

[l



iaa_ E5 7}°ﬂi4 T4 78319 100mmx100mmx
200mmC 2 AFs1] o) ¥t (F 16mm, 71 1.2mm)
& 2ol 100mm, A10] =¥ Zol9} ®SA HAE 1L
#slo] g ZolE 500mmE AT F A3 A
of we} mHmgo® BAEIGITE Table 6 25 W3l
rrF AAA dH-S vehdick RTE A= vlws 918, &
Ao HARE Aotk FA2|E A7) A= 32MPa
1u4 289 4 T AEEE 41.80MPaclth Bl

o ZA 9] A7 BAE Table 1 2 59 U&7} wAsi).
7] 7V4RE olfato] AAY FHF she] rpdw
S 71981101, ACT 440R-07 (2011)] 71450}
= A3 "W Foll4 Beam-end test method®l -85}
13178 1ol SHA APAE A AR o] WS
7 Al Z23YE £59 a4 3Tk,
s ‘%Wl%} | Sl A== A sk agsiglon,
ARt a}au 14 3 Udepl dAjste] il
S e AaEd 2 A AR

Table 6 Specimen list for bond test under temperature variation

Specimen name Heating temperature (C) Strengthening method#
RTN NSMR
_— 20
RTE EBR
N50 50 NSMR
N65 65 NSMR
N100 100 NSMR
N200 200 NSMR

*NSMR: Near—Surface—Mounted Retrofit
EBR: Externally Bonded Retrofit
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(a) Concept of test setup

(b) Front view
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Fig. 8 Setup of bond test under variable temperature loading
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(c) N65

Fig. 9 Final failure shape of specimens
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Fig. 10 Load—displacement curve of RTN and RTE
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Table 7 Test result of bond test under temperate variation

) Ultimate point
Specimen - .
name Load | Displacement | Strength Failure shape
(kN) (mm) ratio
RTN 23.59 9.66 1 Concrete failure
RTE 5.38 5.12 0.23 FRP Peel off
N50 23.07 6.01 0.98 Concrete failure
N65 | 1471 795 06z | Conerete failure + FRP
bond slip

N100 8.49 4.01 0.36 FRP Bond slip
N200 6.02 2.37 0.26 FRP Bond slip
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