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Abstract: [ Objective ] The shear tests of four rectangular reinforced concrete (RC) beams were conducted to in-
vestigate the effects of the end-anchorage method and preloading on the shear behavior of the carbon fiber rein-
forced polymer (CFRP)-strengthened RC beams. [ Method ] The failure mode, load-deflection curve, characteris-
tic load, strain developments of the stirrup and CFRP were analyzed. Finally, the shear capacity of the specimens
was predicted using the existing calculation methods for the shear capacity of the CFRP-strengthened RC beam.
[Result] The test results show that the using U-shaped CFRP strengthening can significantly enhance the shear
behavior of RC beams under the reliable end-anchorage. The shear strengthening effect is significantly affected
by the end-anchorage methods. The mechanical anchorage is obviously superior to the CFRP sheet anchorage.

Compared with the unstrengthened beam, the shear capacity of the strengthened beam with the mechanical an-
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chorage increases by about 60%, whereas that with the CFRP sheet anchorage only increases by 9.8%. The pre-

loading significantly decreases the cracking load of the strengthened beams, but does not affect the shear capaci-

ty. [ Conclusion ] The research results can provide reference for the engineering application of shear strengthen-

ing of RC beams with CFRP sheets.
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Fig. 1 Geometric size and reinforcement diagram of the RC beam(Unit: mm)
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Tab.1 Design details of specimens

Spec- Strengthening End-anchorage

. Preloadi
imen method method reloading
Bl Unstrengthening / No
B2 Strengthening Mechanical No
anchorage
B3 Strengthening Mechanical Yes
anchorage
B4 Strengthening CFRP sheet Yes
anchorage
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Fig.3 Failure photos of the specimens
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Fig. 4 Load-midspan deflection curves

IR T, T A B e 2 - B R R B RER A
AHIF , A CFRP 4574 X% RC 22 [ 70) b W B S AR I
SN 5 B far 280 PO, AL M4 R & R, S A
A BLAH LG, 25 B 00 W B 3 A5 2 P s . 24
fap 2k B f KAG S w7 2% -He B i 2 itk T B Bt far
FRBELE R Rz AR R 4 0] LI A
I B4 T CFRP A & A i L st i) 25 R A, L
0 B iy 28 % 7 T 459 B S8 KGR A LS [ )i
VLA HF CFRP He 2% 58 &, AIUAR A [ 3k e T
CFRP AR B IR, BERS B A SOt 2 55 RC 21

sy R AL BE ST
2.3 4FETTE

F3FIH T BRI LE R, o P, FoR TR
B, X T AR SO BT B 25— 4Rt
ZARERT I 7 2, X T 5 O I =k A
S B BOULER I8 A AR I A T 35 P, R PR
far g, ORI IS ML 7 ) e R 28 o, F @, 23900
FER T Aar FR AN PR ey R A I i B A2 71
R, T UL R E A B1 AR AR T T
T, AR AT DL AR A B1AE LT T 165 kN A 1
TR, A SRAS I, AR 2 H e AR 37 i R A7 2
412.5 kN i T AUk 04 B3 f B4, v] LLFEf# A
MATZEL DT T 165 kKN B FUM R 5 , 5K FH CFRP
[ fiE 8 fiff L B B o7 28 43 S0l 42 1= 21 656.3 kN FI
452.9 kN, KA G223 Hr, i1k B3 Fl B4 (1) FF
S Aar RN B ar 2B T A LA B1 S
231 UMz R s

R B2 A1 B3 2R FHAH ) (488 [ 7 i, 4% 3 1 45
TR A B2 1T a7 ORI R ey 28 L i B
S IERTET 65.3%F160.2% ; T ik {4 B3 JT 2447 2811
i B Ay 28 11 4 T 23243031 4 18.8% F11 59.1% , R A
B3 JF 24 far 2R (4 TR Ll 44 B2 FEAR T 71.2%, 1
e BR Ay 2 B T+ AR B AIRAR /N, iX U A AE AR SR 2%
T, TN 2R 23 B B B CERP A5 i [ 32844 1) T 2L A



.

42

ﬂ—ff

N

R

BTN S S 14

2024 4

2, TR PR AT 2R B A T
232 FEEITIE R

XF EIR A B3 1 B4 A 25 S A B, LA [ A0
SR B AL T CFRP A7 4548 1, He anisk i B3 1
W R A 2R BLER &7 1 59.1%, i B4 B T
S ) 4545 1145 CERP 45 80 - B 7 s ik 341
BN, T B AR R T A BLALEE & T
9.8%. AT WL, P A 14 oy 0 i [ /2 ff O CFRP 47159 Jin
I3 SR ) S, 5 CFRP A JR 254 [ A L , A SCR-
AR BLA s 31 7 3 AN AN 1 (58, T L AT DR R 4
CFRP 7 Jil [ RC A48T R £ 7
24 RPN TLE

LIl F B2 S 53 B in 483k A8 v CFRP 2%+ il
SRR A R . 5 (a) s T LRI 2% T CFRP
SRR AR A3 A o FH AT RN A8 B (4} 2 Ak
KB, A U A5 (1) CERP W AR R /N HILT-
B 225, 3K F B T UL BY 7 322 p TR 1K
fH, CFRP 757 KA MTEFIAR /N, MR R4 IS,
#% CFRP 4%7t7 I 1 b A8 1 4 BB R[], 2R
ZEZE L 1Y) CFRP %7 W AR KR B, i HLph + 4
S48 P\ S AR R To] Jn 48 S R4 R, A5 U1 Au2
257 B AR B i KT U3 U4 2507 B I AL, 15 I 8

FE T 5 N B CFRP 25 A& #8104 e /N
1M T AR RIS o ARSI R 5 U4 41, T3
U4 2717 i) CFRP N AE 7R3 TNk B BEAR N, 1S
(b) A UL 4517 B e Ry o7 8 Ak i 37 114 Ao 28 - 1oz 725 iy
2. FTLLAE Y, CFRP G0 ) far 25 1 A% i 4k ¥ mT
I3 R 3ASAIR ) & R B B, AR S DT B L TR
TR BE . FeAt s Rt , 35 7 32 22 TR
+ 7R, LIS A5 CFRP A &5 RVE FIAR /N, o
AR AR AOAR /DN, 35T 2K - 0 A 2R LT TR BB
FERFLE N BLS , far 20- R0 A8 2R E ASF 14 R By
B, BI85 20 o IX R CFRP 45741 -5 4 A5 1 107 725 it
5 o 2 A it T | I L CFRP 4% 9 10 A8 il
U I A7 P A o T S e IR A - 10 A% i
SRS 3N KSR B, LB B i T4 A AN RE PR 4t
R AZRE T, BN 2l CFRP 4575 7K 4H
WA L P2 1 i g A 2 386 T ey 2 - 1 A i %
ERUAZKF-BE

3 MEIARENTE

CFRP i fill [ RC %2140 55 7k 2% ) 32 1R B
+ 5 AL AT EY KL Ty V. FCFRP A #E 4L 1Y
BB S v, A, Horb v, ATARYE (TR SR+ 25 7 15

T3 FERBWER
Tab.3 Main test results

Specimen P, /kN o, 1% P, /kN o, /% Failure mode
B1 104.0 - 412.5 - Shear-compression failure
B2 171.9 65.3 660.7 60.2 Shear-compression failure
B3 123.5 18.8 656.3 59.1 Shear-compression failure
B4 110.3 6.1 452.9 9.8 End debonding failure
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Fig. 5 Strain development of the CFRP and stirrup in the specimen B2
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Tab.4 Comparison of calculation results and test results
of the shear capacity

Specimen V_/kN V. /kN  V_ /N V_ /KN V,/V,
B2 1842  112.7 296.9 3304 0.90
B3 1842  112.7 296.9 328.2 0.90
B4 184.2 72.4 256.6 226.5 1.13
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