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WE: A T332 84 4 5 &4 (Carbon Fiber-reinforced Polymer, CFRP)#5 % ik & T 69 #LFR A&
B A, FTRET RE A CFRP SRR W ¥ 2 TREMRAREAFR. bk, RIEITAGE
AKX, 247 CFRP # A 245 s ¥ 123+ 5 i da iz e vh, b iah L5 CFRP #E S W
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(b) M A4 4k CFRP fikkiRmEi=H
1 #FE@E4h CFRP B2 A9

FH & 1 (a) BT 50, B I CERP fif A 28 1 ik e P8k
1, # CFRPHfAvifliln) 32 B2 0, X CFRP# 72 i
S B TR, R CFRPAIFESS 01 ¥ b3z ) FEYE
(2), VAR FRARZS T 5 SEE N B RR AL B A 14,
HFR AR B AT 32 140, BIWT A3
CFRPJHTESS 0] HLAb i 25 i om B (1 1(b)).
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o ARG B AR R F1VE R CFR PSS FE44 1)
A B4 1) SMIN 24 55 A ) 55 1m b 274 37 5 77,
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THERE M B AL f; ROAER I BRJEA%; A CFRPH E.
125 ESMCFRPAGAAIA S R

CFRP [ fE 55 0] B A 0 25 B BRI R B ( £, )8
HEAAA:

fun=fu= A0 @

e R)RRQ)TH, YMAo<f,,, BIR>dE,/ f,,
i}, TEARBRBIJITERF, CFRP fiSNZ2LF4Eif Ak
NERIRAS, W2z, ik, CFRP 2 Hh

I 5242 (Re)
R=Lp

cr c?
cu

BIFEIZS 242, CFRP Al RIS ASZ Sl bz J1E
H, HANZA et S NEIRIRES.
1 () FNQ2) PTAARS T hr s A
d d
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WIS I ARFRAR ST, CFRPAGHIHIIREEN) K%
RFRATHRHIER (), ):
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cu

5 Hh sk S WL CER P IUES Hh PERER) 3
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MBS HT TR, CFRPHTEZS HHARZS T 4h
MLFLELEAE RN J122, 4 CFRPAGIMNET 4k 7= A W) ha
W VRE, P A R 48 1 ) 2 4 SR ik 31 HL
AR FR R, B CERP i e 7 M2 4 O BT 5 B
SR EEE SRR, 4 CFRPA /MUl ZF 4
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RE#K IR0 N 2 E o An, B RHT SM A 4
ISBIRFRARZS, CFRPAIIBEIFNIEASZM TR 20
WA, Rk, ZECFRPAGS MRS T, HARMR K
FEREASE R BAESMU A 4R = A B PR RS, 1
A B BESMN AT 4 oy R JE ) e — i 2. AT
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R, NP CFRP AR BRI B A 3 10 iR
(& 2 BB BIEE T, BIv]158] CFRP
9 TAE B AR Z Sy, o B2 T A gk e
TIA fou, BB ITH £, —E, I R.

CFRP i TAERKHARBR AL 1P BT R

F:[fcu - %x}nrz —fau {arccos[fj -

rr—x? x} , (5)

FH: 7 o4 CERP fiH0EAR, 1 R
B F45a HAb CFRP Al BIARBRSE 11 /NS L
SRS ERT TR, WG EsR F < f g
FRIER(S) I, CFRPAIER AR 1 —1 %
FxleREL, FeREEAME, 4 F =0, RIEREH
VA, HEsRERIEAR:

e r[(2fcuR +nE r)2f. R~- nEcr)]

2R (6)
FxfRA(S), WRIGCFRPAFTEZ IR T
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2.1 CFRP #3%E XK

kT 45 CFRP i 76 8 R AR T B BT h o
Xt B A% 712 mmiF) CFRP #7847 5K7 173856 (1&13).
CFRP#i R FHF EA A H M e, 1528 Tl
b, DILKN-sT RSk, EERRNY.

3 CFRP ik idie

32H B 4% 4 12 mm B CERP S a7 J1iR 6 45
WL
% 1 CFRP sk it 4R

G CFRP f#j B 4%/mm AR 1/kN
TI-1 12 22843
TJ-2 12 222.76
TJ-3 12 226.12

BUORIRZE SRAPIME, 115 I CFRP/7EES
RS FEPRIREE A1 997.26 MPa. HE7= ] R4
) CFRP i #4 L B Prhr 58 B 42 100 MPa, CFRP
YIS F7160 GPa, FEHHASIRIN A 4 [ 2
$195.1%.

2.2 CFRP %% ¥
22.1 KBFE

XFCFRPH#A T A5, 5 & H ai TR H
1 CFRP AR SORIR 0 R, I E 6Fh T (58
2). Y CFRPf# EAZE/NIT (<10 mm), H XA F| 45
W R AR B I F5K; >4 CFRPf BAR I KBt
(>12 mm), BREFUEFHZHIAE, BTl Haisehn T2
HE FH 10 mmAl 12 mmBUAS BOBREF e 2. Ak,
1% F CFRP HAZ A 4710 mmAl12 mm.

K2 6FHEHXBETR

a¥EA HhfA/m  CFRP fiRlA% EHAR/mm
WZ-1-10 1.0 10
WZ-1-12 1.0 12
WZ-1.5-10 L5 10
WZ-1.5-12 L5 12
WZ-2-10 2.0 10
WZ-2-12 2.0 12

ARSI CFRP 7 25 AR BR A 28 73R 58 hn 2%,
JEE M3 SkPIIEE | B SR B FE 0 2%
B OoRBIEEE KRR . 2MTREA20 ¢ T TR
3220 KNP AR TR 2H I, i 1] 26 B Hh 244 3 e
F E R H A A, B R B EN AR A N AR,
FA TSN AR | DL R AL AR e, CFRPFH S
MR AR NS B a4 R, Horp g e 2
YUt Ak, IEERENAR R ST A0 70 emx30 emx
10 cm, #% ) e b S 30 0E H A0 Ak I 62 f 0 A
20°.

CFRPH;25 i A% PR A 2% 130 3= 2 22
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Q)BT 3. 4ok hr FiAk B 25 52 % e,
FECFRP /7725 i Ab F2 B 2 PN /MBI b R AR Fr
FEXFCFRPFHENTIN 1, 2801 E 2 CFRPA 5¢
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(a) CFRP fiiZ5 i B I

(b) CFRP fij 2 Wik S i ik g

1 247 8.8 2% M20 WRKF; 2 M JyfEIEs; 3 Sy g v N S 8 ; 4 AL
5 A1 CFRP fifi; 6 ARG FIR A M20 $24F); 7 2B S50, 8 4
SRR SCRE; 9 Sk RIERAR; 10 AT TG 11 24 M20 SREE

B4 CFRP fiZHitie

it TN FRRE 3 A ] i O 1A AR s, ok
PLmBCEAN MGG TR ThRE, RS
B R AS(ELAR /N R, Y R AN, TG, 8] T
PN, TEREINTIR S0, BT AR 4 % s 0
AR RN 7 A /NI A ) 0 i s s
R T A5 B i B CFRPAS N S0 R AR 22 1) 2 21 e,
AT G B2 , MHEINA TR Tk E0, 2. 4.
6. 8 S Ik N, HFtar—Eiin), FERerpEic
SECFRPA 25 Hh Br N AMIAS. 1521 % i Bosd ),
ISR NZ, B PCFRPHSEANIN. il v A
SREEASCRT LR B W LGB PRI S (BRI B o A PR
2N AL
222 RIELER B

B SZ5 T &R T F CFRPAR S #hiRE8 2%,

R A R AR (i 2. B IEISET A, ZEANIFE]
T, CFRP#IRI R A —E B IR 2,
BUFESR BSR4 M 27 2 5 ik B AR B 5tk B
CFRPHf & AEWITATEIR, CERPHS b1 1% A 5878
TR&E; {HCFRPAH ] LIgkszkdhs, #idHILAS CFRP
WA BB HAR PR AR 1, FE&E N AR,
CFRP#Hi i T AMULF 468 200N, &% Lk
AT WSRO BL S1 A BLG:, H 2 CFRPA#K AR
B HARBR AR 1 & A B R, S ZIRIRAS
S BEYETE IR R (& 6). iRk IR IS A TS
WO REREA —3, Wik T ARSCHEL 2 B
B CFRP itk PR3 TS i) IE .

(a) CFRP ffj HAZ4 10 mm

(b) CFRP /i HA24 12 mm

5 CFRP Z ik ie gt 2 bk Tk

Y CFRP i Ze4SfefEm e bR, HAL T2k
5, MG CFRP ffiut g4 m P SN S b (N AR
HIE), Wi R NS Z (VAR A 7). S
IR )G, CERP N AN g i, oMY
ASERAIEEL. @RI T LLE B, FEREIIAS R AR /N
N J1)G, CFRP Ffif) NSNS AS Z2 ARV AN K. PRIt
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ST, 4§ YRR J) CFRP fiZS

AR PR AR BB IR0 51

B 2RI AP B AR FZBCT-H(E (R 3).

6 CFRP iRk Zs
x®3 RBENTELER

N N

i RASEne  ROEEme  R(EIRE%
WZ-1-10 9067.7 10 000.0 9.32
WZ-1-12 10 787.2 12 000.0 10.11
WZ-1.5-10 55272 6 666.7 17.09
WZ-1.5-12 6 931.8 8 000.0 13.35
WZ-2-10 4 483.0 5 000.0 10.34
WZ-2-12 49273 6 000.0 17.88

H 3 nl A, ORI RIS, XA T
73 P WEAECFRPSS N AP A, BB 58 20 AR,
o0 AR AN R CFRPAS B AR e RO L8, S B
fii/D, IRFZHIL T 10%. (HIRGRIAG80 AR 20 AL
PR 5 R W AR 2 AL AU — 3, R T
AT HAGU))IES. M CFRPA HARA
PR, 7 AR 2 A S i AR HE R TR 1Y
CFPRFHY S AR AR, 25 A% F2HECFR P
HARRBE R K.

A4 H T RIRET CFRP SipIaami et hs 11
A TER IR BB AR B, LLEGEE (51T E
Hif) CFRP e AR T BOBIRARE ). IR 4
A, CFRP 25 a0 45 B A AR RS i A e
HRE)HEAR RIS ERERD, (S
TR AT,

Fe545 T CFRPAGZ MRS T WL BRI 7Y

AR,

& 4 CFRP HE i ESE I FNIE

YIARER  ARRRD HELE TOES
NG = A2 UL W U1 W 11 34 D |
{B/kN {H/KN  fEH/AN  iRE%
WZ-1-10 100.82 107.40  106.10 1.21
WZ-1-12 124.06 13926  139.20 0.04
WZ-15-10 12028 123.87 12420 0.27
WZ-15-12  163.57 179.82  168.00 6.57
WZ-2-10 134.26 136.67  134.00 1.95
WZ-2-12 182.12 20532  184.40 10.19
% 5 CFRP fZ it I M1 AT IR

R Fu/kN  fon/MPa  fi/MPa  15¢/%

WZ-1-10 100.82 128400 210000 61.14

WZ-1-12 12406 109749 210000 52.26

WZ-15-10 12028 153223  2100.00 72.96

WZ-15-12  163.57 1447.00 2100.00  68.90

WZ-2-10 13426 171000 2100.00 81.43

WZ-2-12 18212 1611.11  2100.00 76.72

HE: Fan 7 CFRP F25 AR F B ATARBLIIMIRLEL fon S CFRP 5725
HVCHRLARIE; foa % CERP AFHCRIARIE 10 RS S IR T4
HEARESFACK.

FH S HIA, 2 AR A0 /N S Hh kbR
AR, 2.0 m2S il 242 T ol B dn ah sk bz
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iR LLIK B 2980 % . [w] B 0] LS H], Y4
CFRP# HARAAERS, 25 s BERE S h AR A 34 K
MG, 24 CFPRAFAY S H AR AT R, 25l 5
FECFRPAf HARAY /N K.

A B FECFRPAZS ji RS FARFRBIR 1y
R BRI 25 R SR I045 R ST,
BIE T BT AR IE BT

3 HHRRASAEILHN
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133.

Theoretical and experimental study on bending ultimate bearing
capacity of prestressed CFRP bars

CAI Wanyun', WANG Hangyu?, WU Xiuyong®, XIA Jiajun', ZHUGE Ping""
( 1.School of Civil & Environmental Engineering and Geography Science, Ningbo University, Ningbo 315211, China;
2.Wenzhou Highway and Transportation Management Center, Wenzhou 325002, China )

Abstract: In order to obtain the ultimate bearing capacity of carbon fiber reinforced polymer (CFRP) bars under
bending state, the ultimate tensile bearing capacity of CFRP bars with different diameters under different
bending radii was studied. Firstly, the influence of the diameter and bending radius of CFRP bars on the bending
tensile strength is analyzed based on existing theoretical formulas, and on this basis, the theoretical model of the
ultimate bearing capacity of CFRP bars under bending state is established. Secondly, the bending ultimate
bearing capacity of two different diameters of CFRP bars under three different bending radii is tested by model
test, and the computational results are compared with the experimental results to verify the theoretical model.
Finally, the bending ultimate bearing capacity of CFRP bars with different diameters and bending radius is
predicted by the theoretical model of the ultimate bearing capacity of CFRP bars under the bending state. The
results show that under the same bending radius, the bending ultimate strength of CFRP bars decreases with the
increase of its diameter; and under the same diameter of CFRP bars, the bending ultimate strength of CFRP bars
increases with the increase of its bending radius; when the bending radius is greater than 5m, the tensile
efficiency of 10 mm and 12 mm CFRP bars can exceed 90 % . The computational result is in good agreement with
the experimental result. Hence the theoretical model established in this paper can be used to predict the ultimate
bearing capacity of CFRP bars under different bending conditions.

Key words: prestress; CFRP bars; bending radius; tension efficiency; ultimate bearing capacity
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