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Abstract: The shear capacity of steel fiber concrete beams reinforced with CFRP stirrups and longitudi-
nal bars was studied. The loading tests of 6 beams were conducted to study the effects of shear span ra-
tio, stirrup ratio, and stirrup type on their shear capacity. The calculation method of shear capacity of
CFRP reinforced steel fiber beam was proposed by considering the bonding properties between CFRP
longitudinal bars and concrete. The test and analyzing results show that: CFRP reinforced steel fiber
concrete beam has high shear capacity and shows large inclined crack width, which are obvious signs of
beam failure; Steel fiber can effectively reduce the stresses of CFRP stirrups in the early stage after the
occurrence of inclined cracks, which is beneficial to the exertion of stirrup strength. The ultimate strain
of CFRP stirrups can be taken as 0.004; CFRP longitudinal bars have high strength, and attention
should be paid to the anchorage length and design working stress to prevent interface slipping and dow -
el rupture; The proposed calculation method of shear bearing capacity has high calculation accuracy.
Keywords: CFRP stirrup; CFRP longitudinal bar; steel fiber concrete; beam; shear capacity

» Y FEEHHEA:2019-09-26; 18 @ B #3:2019-11-18
HEETH . FEHESI AT (2017YFC0703006-01) VL7548 -1 J5 2435 H (1601148B) % 1)
EEB N RFI5(1984—) B Bt )5 . RENF TR IV . E-mail:songshoutan@seu.edu.cn

1012



51

[l

Y 7 T O 2 A v S ol ) S R B R
B - 45 ) 1 T Pk ) RS BOUE 2 M T SR A
eI T B R ATk . S 4Ehg s & 6k
(FRP) B A7 52 07 5 5 PO b Be 47 45 0 A —
Y4 AT BAC A T T TR . RSS2
r i A I T 9 2 T T, 76 (5 FH FRP 9\ 14 1)
B FH F RIP 4 A7 11 A7 280 i 0 45 ) 1) T 2P T A
FRP fifi g £ 5Pk 4 ), M 485 651G, 8 78 1 4
Al 22, N FH T TR B A 5 4 I B O TR Y 4 4%
B, K.E.Ahmed %' M 1& J 4% M. Said %5
4 FRP US4 18 FH RIS T 4540 i B B 2k 2
A K.El-Sayed" " #& 1% 56 25 5L 15 A A A4 B 56 15 b
(422 5Pk B A5 00 ) T T B A9 4 A R S £ 4
(CFRP) il i 3 Jy 2 e g 43l . e 35 W BE + 454
o FRP ffi 19 58 B AN GE 78 70 A5 , BRI T FRP i TR &
2R HHE) N o
A LT A TR - K R S R S, A AT
YEAE S 1SR A RN A S — R A MR, AR
TR 4 iR E AR S M L AT o] LB o TR R i R
WTT 28, 0/ 24 5% B 5 O 4 v A R B R
S.Y .Park %48 H A EF 4k (19 0 A AT LU TH FRP 2\
R0 BT oY AR Ry, okt e E R ) W 37 B T 24 IR
B T 7 S 5 R 50 B Y T AR 2R 4E 1 i FRP AL
i B 0 B B R B R TR R . DL RS R
B LT 4R IR BE + 5 FRP 45 698 1 FRP B4 5 40 27
YEVRBE 0T LLEE A P S, e 25 R B BT
SEVERE . BUA RO X T AR Yl TR LR 2 0T 2Rk
REAF T B4 T B i A AT 4 2 TP R S RS
Fili f7 AN AT 4 A BRCHE R BV B H SRR R ISR
X RIS T B B 4T 4 (GFRP) 4 757 — 84 90 i 4
CF YRR 2 B b RE . B R b B = X FRP
i 757 RN A5 348 o A0 2 4 TR R 2 58 2R RE
F 53, A% SCKE CFRP 737 38 58 59 21 2 VR 58 1+ B2 0 32 59

RSN

E o 8

—

R RE ) BEAT IS T 5T, A S A SR S A 52 B R 3 )
R Tk

1 XEH R

11 KB HFE

B LB 6 MR 32 BT g B, Hoh SRR

CFRP % /7 . 1 AR g 89 40 A3 %oF bb 5%, 3 56 5% 22 P O\ Al
AR CFRP SRS o 350 44 1 h R8T 4 B 1
P AR BE - — WA, I R T 5 L
FIC 41 22 A 52 ), B> S 80 3. ity
fF K 3 000 mm, # M &= 300 mm, 96 150 mm, £ )2
JEEE S 10 mm. #& I T A2 PLIX AL E 4R HRE R
16 mm 1y CFRP B2 2077 , b & Be & w5 AR H A2 o8 14
mm [ HRB400 2 22 37 fifi o 124 ROF F S A3 45 5L L
RI1AZ 1,

a

—/ 3

O:[ \—K—‘(JLLLLLLLLLLQLLLLLLLLLLLLL
(=]
Las}

L 2504

Rl 1

2 500 L 250,
1 1

(a)

2¢14HRB400
CERPHi# ify

4416CERP flo o
—k

150
(b) tAL A
BT IR A PR AR B L
Fig.1 Specimen design

300

x1 KEHGEERER

Table 1 Details of test specimens

Mtk Bk / W HEAGNIRE/  WO4E O AR R
ErRe mm mm /% [ES
CFRP@
Bl 500 2 0.4
100
CFRP@ 4
B2 625 2.5 0.4 "
100 HiE
CFRP@ 16mm
B3 750 3 0.4
100 CFRP 12
CFRP@ 4L
B4 750 3 0.27 -~
150 i 77 %
CFRP@ 2.1%
B5 750 3 0.2
200

B6 750 3 C6@100 0.38

1.2 #MHRKE
121 CFRP# %

5 H CFRP i 57 o0 A /e K 2% 5 V0 95 18 i 41 4
R B 2 ) [E] F 0 S B P i A . i A
YEIF: CFRP £F 4 72455 B - 20 28 112 11 44 g — YK i
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Fig.2 Load test and failure mode of the CFRP stirrup
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Fig.3 Mechanical property tests of steel fiber concrete
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Table 2 Properties of the steel fiber concrete

W W fER T/

SRR/ e/ R

Y5 MPa GPa pe R AR/ pe
B/ 118.5 43.4 4 356 6 392
E7 A 10.4 45.5 375 794
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CFRP 2 7 1 A8 32 9 SR FH f357 b o 3400 2 06 94 e il 1
J5 258 B, 5 R on £ e R 25 2 250 MPa/
min, iz 288 U8 A 557 b v 4 R W . A A R
PERE 56 1 4 311, SR HF BI(ELAE S b1 R fE
L 3.

x3 HHERNNFMEEE
Table 3 Tensile properties of the bars

- . brhr/m ik PR/ AEfRR/

BHHE wpempa GPa %
CFRP 1777 159 1.1

6 mm 4 fff; 451 201 18.0

14 mm 40 #f 432 201 17.0
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Fig.4 Test setup of the steel fiber concrete beam reinforced
with CFRP
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Fig.5 Failure modes of test specimens
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Fig.8 Strain development of the CFRP longitudinal bar
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Table 5 Summary of test results

S ﬁ%ﬁﬁfﬁ BORAR/ TR B RS A 15
4 B LIENE n mm mm i 53 e N
Bl 65 75 460 2.8 19.1 r S I 4 ENCE TN IR CE
B2 65 75 435 2.7 21.3 348 by 24 ENEE
B3 55 60 409 3.4 26.5 £ 0 7 ¢ —
B4 50 60 385 4.1 27.4 rhEg B YN 1] 45 54 K W
B5 50 55 361 2.3 24.1 g B Y —
B6 50 65 374 3.0 25.0 R 1177 7 24 —

T LR 5 PP A8 s W BRASL B DA R B — A 380 s — S R R B IR . AR IR A P/2

1016



KO 320 R 3R 13 i A
Fig.9 Analysis model of shear capacity
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Fig.10 Flow chart for calculating shear capacity of steel fiber

concrete
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Table 6 Summary of results calculated by different formulas
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