a5y e Al
oote Ol e wkigs
VEY UL O osled o 5 s )33

o Sraigod Jlail cuwglio oo T — (435 9 45 2> Wil
EBROG gEBR bt g 5 4 o < gl

Yb‘};‘;éw b‘g‘b g':z:.\‘;.\w 4 dgs

Olgral Ol (6510 s L)lS o3l Ol jas (6 285 =)

Ol xs oKLl Ol jas dige 0dSisls slisl =Y

* Mahdie.mohammadi6é7@yahoo.com

VRN <] AARRVARARKE L SEY B

5 ke s w60l Ol 5 ol edd adls 5 o gie S o sl gl ek Slpe 1 esly sl 2 sladle s
Crl 03 sl e a ol 0l &1 e o Lal 53 WOT L 5 plss 3550 3 oS DBl s toel 43 5 plnil aliyle]
olid Cuglio b jze s YOO X0 X0 sl b oy (sladd sas sl 0ls oy o FRP= 2y Jlail s slis 0 q,o;;-@ﬁ;‘u e
)Ly.ir RE3) Lfda"" Lﬁ-)l;'- s.,waa (Y E) (EBR‘) Lfda"" Lg-)\;'- g_,....aa (\ uj“ﬁ) EEREE \:,.:)5.7 )'l BETIPIN ol JK«#L!KA Yo
LdMu’l_d>)G4}'ﬁ'¢M| R gT—Q:j@A}-ﬁO" jY" &b&w@'ﬂMﬁ)'}&w@lﬂ)én(EBROGv)
a5 VA w4+ les g o VU oS sl amp +F B VA Sl Cslae Dy 4 bes s ASTM-C666 s, slgdg 4 a8
it o sl &S LS OF 5 e skl 03 48 ol el slgiiy 4t o Yo sl ) 3 e A Ol UL 2alS sl S sl
5l e bl 5 5l adigs 05 S C)l} S A 5,8 I3 ey 3y se uu&ﬁi sledg 3l (e You) gl 5 (a2 0v0) NG sl
© FRP Jlail wsy conglis Jold it sl 5l ol mk Al oslizal GeoPIV )\y\fjgjajb_gr;wuzﬁ&uj
Cilises Jases bl 3y ALl s Ikl Jases bl 3 3 EBR 555 0 cd s ool b @b b &S 550 4 ol EBR

CM.JEBR U’:})ﬁ‘ﬂjb Sed>= 43

S Sl 5 Caslie 0ad ST =035 Gl Sy e b sl (GO O 319

). Externally bonded reinforcement

v. Externally bonded reinforcement on groove

VOY



35 B gan d9l5 9 (gdheses wdge

S sad JLall Caglin p 048 OF - 035 fu a5z ST

S Gy 0aol —055 oz e [S5] 555 Law sl
e B LS e il sy sl S S o
£ 940 Jle 53 [7] OLes 5 Tl [6] AL azils
&JL:“ )\ oslaiul L» ol @Jn‘}:’d Lf'“”' (5th:" rl}) o
e 4kl EBR gy 4 ol S 5 aiis )]
DB 00l —0s35 (B me 53 g ased dde VY it
o dame 53 badigas 0ol 513 sl Ol CLu Az S
Coaslie J2alS 5 LS FRP 5 0wl o (Soesy alS
23 S sy Sl i J S slaLs g 4ses
g5 bl OUI L els Cusls gl s aen 53 S JI>
&JL:.H )J}‘ch]ﬁ'w)\ d)} §M\b yb%w
R RPN T =T Ry N B VU P A JPCNE
By S e o
Closim xS0 6 b S e el
wles e3gde 53 FRP (clac 5508 (69, QJ,..ZuT -03)
55l b Sl a8 sl gam s T b Y gl
Sledd astle glacy j50lS sed 1 s Cpenl Sl
05 lied s 5 Jalde Heb 4 oS glaiis s b
b o sems M6 Ssim ol o Wl e /Y L s
e .LSJAJ v.hbﬁ b ‘_g.l} p.:..j M;E:.h Q&.&\ 9 03l
Lol 52 amse ol Ulis 4 a5 b 5 02 S J>
Glales 3l ol 5 At el Al 3 cpl 4 s
M« FRP glacy 568 5o Wleegy a2 b
LQ\}’.'\ 3 J)\J;- .101.....«.»‘ %\j@ 23 3 ge L;LAC)}UJ
e 55l S T e sy w4 cesle bl 5y 55 e
w))gsjmdad);gmjbwj)):uéﬁﬁ)u}@@
Ol oo 8] s o 5 (i Soie e 3 L s 0l
oslitul 50 (PIV) Olyd (6 0 s s o g,y 5l e

s 5 plralr Ol oLl bl ag)y ) ol el

¥ .Chajes

dodo —
OSes FRP UL o 51 L8 s slaosle (IS5 5k @
Tl Om LSSl Sl pan 5 b il Sl 5ol
S5 orl o os 2l 033 [ A3l SUI cnl 5 o eles
203wl e SIFRP (Sl o ol (S il
s o S Sl L s e sl 5 S
53 O0b D035 g bl ol 258 S s s o
[2]' S 258 a5 5 55 b ol i glaole 3,
s, SE g ey Sl e, VAl s
033 ju stz Ve Co HEBR by 4 edd Su i
@l 5 s 3L Sl s Tr B =Y0 o ) 0
S, 53 s M6 b o Sl =035 st sls 0L
[3] 0Les 5T 2ol 28 (sl b anolie )3 Laddsa
2 o i S 0 Ol =05 B YO Il
oon L FRP 5 o adpe oles mhau (pn edd Ol
Ot o e Jus YOOV ox) e slol b i €505 A L5 S
b Ll L oas ST = 0y s Yrr 5 Yo e
B el 0B Y Sl w ol S Sle ax s P 6 VA
Tl S i s 1 01 Lo oyl o Az S
hglie 3 08 T =035 2 Yoo 3 FRP o s
e S 13 0as Ol =035 a5 ,me 3 oS pladisel L
Sl =053 o etz 45 el O 51 Sl sl 0L
FRP (x wipe 5 5)h Sl U by s, ol
Sl s Of —0s5 et Mie s elss Ul
S5 W YW ey YooX e o [4] OLes 5T S
L gad 13y 2 Joo VYY) 00x) v slasl Uy s o
b S 13 0asol 033 s Yoo 5 00 o o
2ok U o Ol -055 e o sl Ol s
Loodd Cusl oz by mhos o ladigai Cslie
@vﬁu,iumjlﬁdu 2L syl FRP slais s

ST Wl e 0 O =035 fu 4 2 oS iy s

\. Kaiser
Y. Cho

¥. Green



VEeY Jle /N e)w/r‘,mjc,«nﬁe)‘;b

oo Ol e pwdige b — ede dons

)JFRPL.G.U\: BE e Lgl.ha)l...u Qﬂjﬂ}w%dl{u

S 3 glgn 5

le3T plwil Jol 0 ¥
bdige Coodi § ol -)-Y
L o s YO31 00310 slasl b it & 505 A adllas ol s
Lot b el L JLLE YO (g lad o slis
30 YA Sdis a0 b gas ol ol 0351 (V) Jsd 53 o
ol s IS 518 Sl s WY gles Ll s
R 5 Y el gl slas sad (ol (slan sl
Al (golid Cuslie fand (gl te dus Voo

o ool oz bt b N J g

Cement Sand Gravel ~ Compressive

Water Slump
(Kg (Kg (Kg strength
WiIC Kgmd)  m3) m3)  /m3) (MPa)  (mm)
75-
057 216 380 1256 538 35 100

Table 1. The concrete mix used
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. Tensile Elastic
Thickness

Name Type (mm) strength  modules

(MPa)  (GPa)

. SikaWrap
Fibers 230 C 0.131 4300 238
. Sikadur-
Adhesive 300 0.5-0.9 30 4.5

Table 2. Mechanical properties of fiber and epoxy matrix
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Fig. 1. Specifications of the specimens used;
a)Specimen details, b) EBR method; ¢) EBROG method
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344 9.71 1.01 D
EBR-500  34.7 10.27 1.07 0.09 D
353 9.23 0.96 D
35.1 8.54 0.89 D
EBROG- 34.6 19.46 2.03 0.09 RD
control
352 18.91 1.97 RD
343 17.74 1.85 RD
EBROG- 0.07
200 353 20.54 2.14 R
349 20.29 2.11 R
344 19.16 2.00 R
EBROG- 0.03
500 34.7 22.57 2.35 R
353 22.48 2.34 R
35.1 21.96 2.29 R

Table 3. Specifications of the specimens and test results
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Fig. 5. Bar charts for strengthened specimens
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Abstract

Numerous studies have been devoted to the investigation of the deterioration and behavior of fiber-
reinforced polymer (FRP) sheets (made from a variety of materials such as carbon, glass, or aramid) bonded
onto the concrete substrate under a variety of adverse environments. Results indicate that environmental
conditions might exercise significant and undesirable effects on FRP-concrete bond performance. In many
corrosive environments, there are the potential risks of premature debonding and failure of the bonding
interface in externally bonded FRP-strengthened concrete structures. The effects of freeze—thaw cycles on
the fiber-reinforced polymer (FRP)-to-concrete bond strength were investigated using the particle image
velocimetry (PIV) technique. For this purpose, 18 specimens were prepared, including 12 specimens
strengthened with carbon FRP (CFRP) strips as well as six control specimens subjected to 200 and 500
freeze—thaw cycles, each consisting of four steps according to ASTM C 666. In the first stage, the
temperature was held constant at 5°C for 4.2 h. The next step involved rapid freezing to —18°C for 2.4 h. In
the third step, the temperature was held constant at —18°C for 2.4 h. Finally, the temperature was raised and
maintained at 5°C for 3 h in the fourth step. The freeze—thaw under wet conditions was selected in order to
create harsher conditions than the dry freeze—thaw conditions would. According to ASTM C 666, the
specimens were stored in saturated lime water from the time of their removal from the molds until the time
of freezing and thawing tests started. In addition, the nominal freezing and thawing cycle consisted of
alternately lowering the temperature of the specimens from +5 to —18°C and raising it from —18 to +5°C in
not less than 2 nor more than 5 h. The freezing and thawing chamber was equipped with a user defined
program. The temperature range of the chamber was —30°C to +65°C. The temperature was controlled by a
sensor, which can be immersed either into the sample or into the water in which the sample was placed. The
specimens were strengthened via externally bonded reinforcement (EBR) and externally bonded
reinforcement on grooves (EBROG) methods. After the concrete prisms had been subjected to 200 and 500
freeze—thaw cycles, they were placed in the single shear test machine. During each test run, a tensile force
was applied to the FRP composite while the concrete block was restrained from movement. The single shear
test machine consisted of a hydraulic jack with a capacity of 400 kN that provided the required force for the
single shear test. Moreover, a load-cell with a capacity of 50 kN was used to measure the force applied to the
specimens. In the current investigation, the specimens were subjected to a quasi-static loading of 2 mm/min
in accordance with ASTM D3039/D3039M. The results of PIV measurements revealed that, compared with
the specimens strengthened via the EBR method, the EBROG-strengthened specimens exhibited
considerably enhanced bond performance. When subjected to 200 and 500 freeze—thaw cycles, the EBR-
strengthened specimens experienced a 3% and 9% decrease in their bond strength, respectively; the EBROG-
strengthened specimens experienced no decrease in bond strength and increases in the range of 7%—19%
when subjected to 200 and 500 cycles, respectively.

Keywords: EBROG, Debonding, Freeze-thaw cycles; Fiber-reinforced polymer (FRP); Durability; Bond
behavior
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