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The flexural properties of RC beams strengthened with multi-points
achored externally unbonded prestressed CFRP sheets
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Abstract: Three same 7 m span reinforced concrete T-beams were strengthened with an external prestressed
strengthening technique. CFRP (carbon fiber reinforced polymer) sheets were not affixed to the beams, but
laterally pulled by WSGG (wave-shaped-gear-grip) anchor and gripped at the bottom or two sides of the
beams. Two beams were strengthened at two sides, while the other one beam was strengthened at
bottom. The flexural propterty test results indicate that the section of the CFRP sheets can be adjusted
according to the moment of the beam and the high-strength properties of CFRP materials can be efficiently
used. There is no difference in improving the flexural rigidity of the beams either strengthened at two sides
or at bottom. The WSGG can anchor the prestressed CFRP sheets well. Based on the test results, we

proposed an equation for calculating ultimate load and deflection of beams which are strengthen by
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externally unbonded prestressed CFRP sheets, and a flexural capacity formula according to the beam plastic
hinge zone length limit state of the strengthened beams. And the formula for calculation deflection is
derived by considering secondary effects of inertia. Compared with the experimental results, the above
formulas are verified and can be used for design.

Keywords: wave-shaped-teeth-grip; unbonded prestressing; prestress; beam; CFRP sheet

F T S 2060 P A i 8 D R MO LI B T AR LA B 1 AR A T R 5 D DR G A A
SERYUEATINE . A A bR R AT i A i R R R ok A O I R T R [ AR L T L K AT
b I TR A2 52 5 00 o) K 428 AT 0 I8 1) 5 AR TE 2 DA B Tkt o 0 B T 46 5 B S RE 5540 K HE LR 2T 4k 1 ) 1
T 5 2, N T IR 3k S Bl A N AN 22 WL 4y 4y o Bl 4T 4 it 0 TS A7 S T A5 R SR AT i . H BT E N A et
CFRP i Jiti 0 5 i 4 B Skt B A0 Tl B A 22 (9 SR8 sk i CFRP A i 5 721056 32 b B 4000
kP CFRP Ak s 783006 2 E E N sk CERP Mkt . B 3 FhakdrJy 2% ARG 45 CERP #R U Y 4
Bk PR CEFRP A1k, B E 2 2 )2 3Kk 55 BB Wi T (] 4, CFRP 19 U B4 6 5K R4S /. 4 1R 3%
TR ZE AT RS, DA b i DRSO T e PR I [ . A8 20 A rh 2R 4 Fh oy ik v CFRP B RE ) 5 [ 40 TR 58 + &)
JryER i o SR It SCH R T — 2 R D T 1A X Bk 2T A R AT R ) gk b 4 TN T B 2T 4 i T AR . %
TN PR I 2 4 T B LT T O I TR N T RS S TR LR TN A AL HLIOR O R B A RE VS A o
Wi F1 CFRP 48 [ ) 8, R T8 AW 58 T T8 B %) CERP 4k B 8% i i r 1% 35057 7 0im [0 vk B A 24 R T
TR AN E .

A SN T 2 7 TR 3 0 11t T AR R - R B A AT S8 2 0 v e O R T e ks CERP 5 A 1 i 4
FZ A RSN 5 B R AP R P TE 5 X i% CERP 7 4748 1) SR LA TR Sy A . e R EXF S MRER T
T 53 BIAE R W GE A T 98 BEAS 07 A B 2% 5 16 JiC 38 J0 75 4T FL 0B 2 AR A 18 B0 ) L 2 IS 350 GG A5 i 3 484 717
B30 I REHT FL B B4R 0 1% OO A0 B CFRP A7 W (RSN FR. Sy A7 I & %5 & 5 1) T T8 328847 1 56 A
582 T RE AT .

1 REERFR

1.1 nE g7 ey IE R
JE ARG G 4 R B B R A RS aHER TSN AR 3. ) HHIRE - MR 4
T R L R B C30, L 3 AR 22 5. i 1 s .

. 4812
S| [BE
1
200} 2550 | 1500 | 2550 200
$8@100 $8@200 $8@100
6 600

1200f ZOQZOQ

1-1

B 1 mE A5 R (4 mm)
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Fig.3 sketch of lateral prestressing CFRP sheet
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Table 1 Parameter of material mechanical performance
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Fig.4 Schematic illustration of test load Fig.5 Illustration of loading on testing beam
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Table 3 Load and deflection of the test beams
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Fig.10 Theoretical and experimental results of the test beams
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