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Cement Sand Gravel ~ Compressive

Water Slump
(Kg (Kg (Kg strength
WiIC Kgm3)  m3) m3)  /m3) (MPa)  (mm)
75-
057 216 380 1256 538 35 100

Table 1. The concrete mix used
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Thickness strength  modules

Name Type
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. 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. 3. Specimens in the machine

w3l plmil -

(oaind g 9 &M}T—\—f

e M 3 el antle e By hlesT o
Foo St S e T Jl s Oleaol
Gir ohlesl el gl oY s 4SSl Sdsks
e S 8l o Kis el LS e PNJERPIR
G s e il ol s VU s S 53 4 e
ST sl 5 353 0 (oo oSz 3 Jsb gl 53 et
22 s ekd (Sowe (Sdasder &g Ly CFRP G5
sl sk 4 ol Ghs 55 5,8 e 3 RIS [ e
sk ees 4 el ol oalannl PIVE gy 51 (55s) Ol

AN

2B ol s o) baaised mhaw () ke V0 Gae s
Sl 58 05 158 ooy 51 eslizd b ool e e VA La Lt
s Spe geed S35 ke 53 S 68 Al e
Sy 5 asde p JoS Coso v i Ll 2
cae s kile EBR iy, alis slal L « CFRP
Lgdg fLdl 3 b g 5 Kpdpr ol baddsel
| gl sl i Sl (L)) S5 [12-13]
Silwpslie 5 & (G—\ 5V S s s e Ol
ookt s a s b osb 4 e laeslel g5 w0
il 0l 03591

Soled (L told iy g i Solad N K

S w Zest (z EBR sy 4 CupE (0 wiped S

EBROG
Bonded arca: lltlﬂ mm  Free end length: 400 mm
; e —
—
g =i Free length of CFRP E[ g
| Concrete prism
1 A e
] 100
Unbounded area: 35 mm
(a)
EBR EBROG
150 150
3 =
“ &

Concrete

35 HE/ i
I — v
Sanded surface Two grooves on surface

(b) (©)
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

=

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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