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Abstract: In the shear strengthened reinforced concrete (RC) beams by externally bonded fiber rein-
forced polymer (FRP) composite, there are some main shortcomings including low fiber utilization, pre-
mature debonding, and stress hysteresis of the FRP, etc. In order to address these problems, this paper
independently developed a novel prestressing system for U-shaped FRP sheet in shear strengthening,
which consists of three parts: anchor device, tension device, and steel angle. The design method of com-
ponent size and the prestress construction technology were presented. Furthermore, a prestressing system

for 2-ply and 50-mm-wide FRP sheet was designed and manufactured. One bearing capacity test of linear
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FRP sheet and eight prestressing loss tests of shear-strengthened FRP strips were conducted in this sys-

tem. The test results show that: the prestressing system can effectively anchor FRP and result in rupture

failure; fiber strength increases up to 96. 1% ; design method of component size is safe and reliable; pres-

tressing construction technology can exert different prestress values to FRP strip based on the uniformity

and symmetry of the strip stress; the system is applicable to exert the prestress more than 244. 84 MPa to

the FRP; and the long-term prestress loss ratio is about 15%.

Key words: prestressing system; U-shaped FRP sheet; shear strengthening; anchorage; prestress loss
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Fig. 1 Prestressing system for FRP sheet

1.1 $HE%E

i 11 % B2 S AE RN 2 B A R AR 2
RO A MEAT 40 B AN 18] 1) JiF /R, #5 FRP 5 2 Bt
BRI AR 73 1 SR 45 1 2 BERURE RS L P 2 AR A IR



11

X A GBI E U T8 £F A 258 B0 R L B Rl i 49

FFRE B BIEA H 1] R 3 T o6 1 SR O . G 32 2 H AR
By 1 FRP S i 14 32 1) 01 125 00 i) ) 1 JE2 T 5 1)
& T3 HL o FRP Fr 32 i ) 157 3 A7 280 0% 326 31 1R BE £
He bt

B2 25 B BlGE tRos & B FRP S8 45 J5
BEUEUEEIR A B IR T FRP M R &R
A T A P LA A 1 T o G 4 4 2 R A5 75 1 R
FHEE S B (U K FRP S 8 S8 46 16 i 2 b, BT
fiff FRP 2% 21 5 [ R 25

N,

(a) FRP 5845751

(b) Hit

B2 asiamn
Fig. 2 Self-locking anchor plate

B SRS W) T e B BB R R D
AN CHL AR HE 7O Al g BT AR J5 {58 b 388 328 1 B 4K 45
L 5 A T AR 5 20 3 R BT JRE B R DL & LA
2K WO TN [ A 8 SR AR /N 3) b 4 g L TG
it DFBE S B[ B GRS AL 2 A BE AT, H AL BE 988 5
i A R T B 1k L B A T S R G [ X3 A )
B3, 4O R M SR 1 3% 18 1 B B R Ok A 45 7R Y
AT 5 B0 A R D 8 I R% s o [ =X
1.2 KWEE

KA B2 AE BRI, 2 Hext R ASLIE A Al
12 MR PR AL A, AN B 1 (b)) 7R A S [ 2
LHRGEIT P FRP 43 5| SR 4578 2 LY S il
b TEIE AT 2 AR SRR AT N B TR AR T R 1A A
TE A = H AT FRP A 3Bk 478 [ . 7 b it
TN T3 (A% 728 5 TR B ORUE B2 I% 5 20 FRP (1 °F-
7. AT 5K FRP J 52 419 7 68 4% A 2501% 28 2 W )
FRP.

&l 3 45 th B R B o BRI FRP 2845 J7 .
FRP i [ 7 (4 ite i 2 38 i 6 FR R 2 AR gk PR AT
(4 5 ke S B, T 7 (B A A /0N D)3 sk B2 ) FRP
T8I 7% SR HOR 45 1.

1.3 #HmEW

B AR I N 2 2 A R R AL AL 1 (o) .
o H A S B 1w A 1 FRP T A2 4l 1) 1 Y
S U L 22 A% FRP 5% i kb iy niy g 4R v s [ i 5 L
AT AL TR R IE 4% 4b FRP 55 38 3 1 34 B A7 A
[F) B FE 119 25 B« S BT RG W n &1, 573 Ak » Ry PR IE 5 £
DX IR TR 5 T AN 1 e 1 5 A TR B A1 OB SR L TR L

$E0 52 3 4% fal 1 B 9D B T

(a) FRP 4845 ik

(b) itk

B3 #BEBaKR
Fig. 3 Wedge anchor plate

2 REigit

2.1 &EW

TN 1 R GEAE K B AL O 2 FRP s 78 4 [ 25
AT 7 K i 2 g A et 3 S AR DL R
.

1 AN 458 5 M0 ] 2 1 B AR 1 i 5

2) 38 F AN [m) 8T 2 2 B A 1 5

3) S FRAE A A R NI B i {& FRP 32 )13
5] e FRP $i7 Wi s 58 56 T 8 B 08 5

4) BEAE A ZL B 1 FRP I 7 4 %1 B A 5

5) BB X FRP A &30t Jin & B . 7 5

6) il T T 20 15 33 WA 3 T S B TR
2.2 EHERS

TN ) R 584 R AT RS B AR A AN [6) FRP 470 57
I gy ZE HEAT BAR BT 1B 4 5 43 i 4 G [ ke
R SR SR IRy -y
2.2.1 A AHIRAT

A5 MR 2 R A2 B 3 A A0 B o B A
T TR AR N R O FR 2 (D A (2) s A B B 2 2 % R
oA o] RS B e 1B BV AR R BE 1Y) R i G ] R E 1) SR
EE =2 P Si% Nk - aun

2Ts) = Fup s Frpy = 20btogy s Ty = Asizer (1)

nbto i,

Ag = (2)

K cowy FRon FRP HTHLIR E BT 5 Frop o 22725 Fi 151
dig FRP sz 1045 7973 T sza M Ay 7390 F2 78 FAAR
HEL AT WA T 32 5 3 L 0 59 i B 53 0 4 TR 1 R 5
FONGH B AR - SE4E FRP A0 M e o ER
/LR FRP 585 MR JE.



>0 K22 0 AR O

2016 4E

O —m

T
I
I
I
I

Ffrpl

i

|
T
T
i
I

|
[
I
[
T

3
HHHHH

I
T T

& T,

B4 WEREZ AN

Fig.4  Force analysis of anchor device
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Fig.5 Force analysis of tension device
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Fig.7 Bearing capacity test
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Fig. 8 Damage diagram
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Tab. 2 Initial prestress values of FRPs
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F5 2223 511.29 15. 41
F6 2703 621.69 18.73
F7 2 877 661.71 19.94
F8 3482 800. 86 24,13
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Fig. 9 Shear strengthening of RC beam with prestressed FRPs
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Fig. 10 Measured prestress values of FRPs
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Tab.5 Prestress losses of FRPs
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F8 800. 86 634, 46 166. 41 20.78
5 &

AL X P & B 5 I B R U JE £ 4 A5 4% A T
IV T3 F G 0 AR 3 07 5 R0 TN g 40 2R e O A
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1) 108 ) 5 G2 RE 98 G %5k 1] FRP ., By 1k 5 iy
(1) 3R] 15 LA S B T A IR fiff FRP ) 5 B ) FH 6 Je K
Al sk 96.1%.

2) A R B i Jr s A A Y L RE 5 1
f& FRP By 35952 05 K FLHL Wi IR 56 4 L A9 Al 3R

)it T L2247 HY  ig g%t FRP Jitg A [\ K
/NBY TN T3 AE  HEEARE U8 AR UE FRP B0 5 77 9 3
AT A FR

DOFRP iR S ik FEE A 0~1 d )
HIA 1~10 d v BB B, 3% 9 By B it 2k i 2 2
MKW 95% LA B 10 d RLE B JE BB B
FRP Fil i J) { B AR

5) N ) F& Geidk A Tt fin 244. 84 MPa DL | i
N B RPN E FRP, H H A ) 58 1 2k kb 24
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