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Tab.1 Properties of CFRP and epoxy

g Sy e B (MPa) | it (MPa) | B7 )58 i (MPa)
CarboDur® S512 B fi £F 4k #ix 3100 165000 —
Sikadur®-30 %I ¥ fig 24~27 11200 14~17

ULEH . AR A RHE R + 15°C & T 4k 7 KTk B i RE .
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Fig. 1 Design of specimens and disposal of instruments
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Tab. 2 The test parameters

A V5 Rl A1 P K BN Iy K- (MPa) | {iE 58 2 (MPa)
C30-NP-0 0 0 30
C30-NP-50 50 200 30
C30-NP-100 100 400 30
€30-0. 5P-0 0 0 30
C30-0. 5P-50 50 50 30
€30-0. 5P-100 100 100 30
C30-P-0 0 0 30
C30-P-50 50 50 30
C30-P-100 100 100 30
C60-P-0 0 0 60
C60-P-50 50 50 60
C60-P-100 100 100 60

BTl g o b O IR SO AR IR R L0k B S 4, NP AR AR B F7 0. SPARSRAIER B 1 4 200MPa, “P” R
RYIURI 1A 400MPa, fi 5 B F AR AR R AL

1.4 FRERENHE

ARSI ASTM C 666/C 666M— 03¢ i B - 41 5 75 03 il 7 b o4 S 56 J7 96 ) PR 3 o s v 1)
ATRIK R R AT VR A PR X0, R KR ARG B ERE IRD 4 /NS A A b R B 4 00 S — 18 = 2°C R 4+
2°C , TR EAT 50 0 .50 YR A B 100 ¥R, far 2832050 35 R A DU A 2 il 2k pr kA B A B 1 TR .
FEA A B 5 v | S B 2 s Ak A5 A R B R DA R R K A B A . TR SR R BEL R A A
A3 ) e ) 5 e R T A TR EE b A S DL R R 45 K B Y CFRP Y AE TR % + R A 100mm X 3mm W AE f-
MM 5 CFRP >R Smm X 3mm W A8 Fr o AR B KA A8 31 A Bl 1 B .
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Tab.3 The test results

C30-NP-0 0 0 14 50 57 TREE LRy 2R %
C30-NP-50 50 200 12 47 55 AP B RVE + g — IR EE L R B
C30-NP-100 100 400 13 — 54 ARHE T B IR
C30-0. 5P-0 0 0 28 36 45 TREE LRy 2 %
C30-0. 5P-50 50 50 22 36 42 TREE LRy 2R %
€30-0. 5P-100 100 100 18 34 41 F3 2 2095 RS — IR
C30-P-0 0 0 32 16 52 TR LRI E R %
C30-P-50 50 50 24 41 45 AP R VE + g — IR BE L R B
C30-P-100 100 100 20 30 42 W g — TR Bk L R
C60-P-0 0 0 34 50 68 TREE LRy 2R %
C60-P-50 50 50 30 44 53 i g — TR R
C60-P-100 100 100 22 36 43 FRP-# g %1 25
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Bl 2 C30-NP R 51k E 20 R AL
Fig. 2 The failure mode of specimens C30-NP
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W& 3Ca) iR CERP A 18 7 7K 854K (200MPa) (% C30-0. 5P & FK ¢F H ik IRk X 5 C30-NP
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Fig. 3 The failure mode of specimens C30-0. 5P and C30-P
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Fig.4 The failure mode of specimens C60-P
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Fig. 5 The effect of freeze-thaw
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Fig. 6 The effect of freeze-thaw

cycling on cracking loads . .
cycling on ultimate loads
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Fig. 7 The loads versus deflection Fig. 8 The loads versus deflection
curves of specimens C30-NP curves of specimens C30-0. 5P
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Fig. 9 The loads versus deflection Fig. 10 The loads versus deflection
curves of specimens C30-P curves of specimens C60-P
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Durability Study of Reinforced Concrete Beam Strengthened with
Prestressed CFRP Plate Under Freeze-thaw Cycling

PENG Hui"?, WANG Hao®, FU Jun-jun', LI Zhi-bing*, ZHANG Ke-bo'**
(1. School of Civil Engineering and Architecture, Changsha University of Science &. Technology, Changsha 410114, Hunan, China;
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Abstract: Reinforced concrete structure strengthening technique by using prestressed CFRP laminates
is applied more and more extensively in bridge strengthening due to its significant advantages. A total
of 12 reinforced concrete beams were manufactured first, a part of which were strengthened with
prestressed CFRP plate and the remains with non-prestressed CFRP plate, then experimental study of
specimen’s durability under freeze-thaw cycling was conducted. The failure mode and load-carrying
capacity of the beams subjected to different freeze-thaw cycling times were investigated, and the
influences of concrete strength, CFRP initial stress level and the freeze-thaw cycling number on the
load-carrying behavior of the strengthened specimens were analyzed. Experimental results show that
the cracking load and ultimate load of specimen decrease after freeze-thaw cycling, which indicates
that freeze-thaw cycling weakens the load-carrying capacity of strengthened beams. With the increase
of freeze-thaw cycling number, the failure mode of specimen transforms from peeling off the protective
layer of concrete to debonding of interface between CFRP plate and concrete. The negative effect of
freeze-thaw cycling on the beams strengthened with prestressed CFRP seems more significant than
that of the beams strengthened with non-prestressed plate. The degradation of specimens with
concrete strength of C60 under freeze-thaw cycling is more significant than that of specimens with
concrete strength C30.

Keywords: prestress; carbon fiber reinforced polymer (CFRP) plate; strengthening; reinforced

concrete beam; freeze-thaw cycling



