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Shear Behavior of Concrete Beams Reinforced
with Hybrid ( GFRP and Steel )
Without Stirrups

Bars

ZHANG Xiaoliang, QU Wenjun
(College of Civil Engineering, Tongji University, Shanghai 200092,
China)

Abstract: This paper evaluates the shear behavior of hybrid
GFRP/steel-reinforced concrete beams without transverse
reinforcement. All beams were subjected to four-point loading,
with shear span-to-effective depth ratio of 2. 54 and 2.67
respectively. The test variables were effective reinforcement
ratio and axial stiffness ratio between GFRP and steel bars.
The test beams included three beams reinforced with steel
bars, three beams reinforced with GFRP bars and six beams
reinforced with GFRP and steel bars. An analysis was made of
the load-midspan deflection curves, cracking behavior and

shear strength of tested beams. The test results were
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compared with the predictions provided by different codes and
design guidelines available. The test result shows that beams
designed with the same effective reinforcement ratio. exhibits
similar ~ shear strength regardless of reinforcement
arrangement ( steel, GFRP, or combination of steel and
GFRP) . Axial stiffness ratio between GFRP and steel bars has
little influence on shear behavior of hybrid GFRP/steel —
reinforced concrete beams. Eurocode 2—04 and CSA A23.3—
04 design method provids reasonable predictions, whereas the
ACI440.1R—06,JSCE and CSA S6—06 results in conservative

shear strength estimates.

Key words: concrete beams; composite materials; FRP bars;

shear strength
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Fig.1 Test specimen details(unit:mm)
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Tab.1 Details of tested beams

e A D T -
B-S004 452 4.97 0.478 59.3
B - SG004A 339 506 4.97 0.478 0.33 59.3
B - SG004B 226 1012 4.97 0.478 1.00 59.3
B - G004 2024 0.478 59.3
B-S007 678 4.80 0.717 55.6
B - SG007A 452 1012 4.80 0.717  0.50 55.6
B - SG007B 226 2024 4.80 0.717  2.00 55.6
B - G007 3036 0.716 55.6
B-S012 1130 4.96 1.256 58.2
B-SG012A 678 1518 4.96 1.129 0.50 58.2
B-SG012B 452 3036 4.96 1.254 1.50 58.2
B- G012 5 060 1.254 58.2

% 2 GFRP fi RN S 1ERE
Tab.2 Mechanical properties of GFRP and steel bars

st g E/ fo/ fu/ TN (U
4 > IR Juy )

N IESY GPa MPa MPa I 11 /MPa
®25GFRP 44.6 618 11.6
D12 5 200.0 345 485 10.9
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Fig.2 Load-deflection curves



%10

SRR 45 - JOM AT IR A FCATRBE 1 T 9 P R IR IR 5T

1425

B3 45 i T R R IR I (4 2R I A . 4%
TR S A AH . 2RS¥ SoAE 25 i T A d5 Ry
BB B R — B EL ) b B T O 5T
Bl DL il 4% th TAF AR Y I 7, SR A 1) bk R
I ABAF S BTN . IO 2025 BN SR At i 2
SER R ERAE PRI S BON B 0T R EE ) LA,
PR » 11 T S 15 DA AR S TR I 5 24 5%
B R AERHLIIR . B-S004 i T BC A AR EUK . BEE
AT I o 15 5T 5 B R e JRe (Y [ Ik, 4 Be A 114
R T AW N o AH B AT B PR 2 B IR

P P
¥ v
PR
A R N ‘\ Vo N
A A
P P
a B-S007
P P
¥ ¥
— ~
Tty
S S IR RN
A A
P P
b B-SGO07A
P P
¥ ¥
/3 ) NN
A0 ) \) \ \N
O 1 R B A R D T T\ N
A )
P P
¢ B-SG007B
P P
|1 ¥
v PR \
/| J e
/(] }) { & | &/ N
A )
P P
d B-G007

B3 MR REANKIRES S

Fig.3 Typical specimens crack pattern
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AR S 2B T I R R 5 ) Ve (BRIR I X
NEBY Sy Vo A BRI T 2 3. #4014 35 R BHL ik
W GEHFHOT 48985 R F 2,50 Bf (AR R 56 v 59
LA 2.54,2.67) G A5 ) Ve 5ERET ) V, #H
ZER/ DA SCHRUNG B AR T U Y ) Vo AR A 1
OEN ISR

& 3 FBH 7GR A A R 1 45 i A e b By
AREZIIHAI , [, B h e 5 2K 28 7 Bl A A% 57
SR I . S RO A R4 i 50% (AN 0. 478%
£ 0.717%) » Wi IR EE 1 22 F1 GFRP fifi 22 i) 5t 5 7K

T INIEIN 25. 8% Fl 24. 4% , 1845 T 15 22 ) 43 1)
AN 9. 0% (A 251 i1 20. 6% (B 251 . 1M 2445 51 e
AN 163% (M 0. 478% FI| 1. 250% ) o X o7 $71 BY
AR 7 B 4y 3k 63. 3%, 52. 7%, 31. 4% FlI
41.8% . N3 3 AT LAE - A3 R BC A e dne /N ) — 41
(Pt = 0. 478% ) IR A BT 1 Vo SIRBRET ) V., tH2E
B, FL R I = ZE 0T 9 T 2 2 AL A /N )
FEZ BRI & AR T8 i) N ) 5 A

Tab.3 Test results

mas Vel Vol BUERK ECLROK
kN kN WAE/1076 RAE /1076

B—S004 77.8 88.8 1690

B - SGO04A 87.5 92.8 3171 867

B-SG004B 85.0 111.5 1103

B - G004 85.3 115.1 907

B-S007 95.0 107.6 1727 1106

B - SGO07A 95.4 111.5 2 648 837

B - SG007B 102.5 114.1 1 750 870

B- G007 102.5 103.5 1415 657

B-S012 120.5 122.5 1 355 612

B- SGO12A 115.0 115.1 1792 669

B-SG012B 120.5 126.6 1209 715

B- G012 122.7 126.2 1 305 783

Bl 4 25 T A LA R ou XL BT R 3K ) K95
Wi 2. DI HR R LA S A A TR o - A TR A O
JERI GFRP fifj R 5E + B2 00470 BT AR 48 7 AT it A 280 I A7
RGP T H e AT AR

0.21
3 018}
%
= 015 o IR
—o—GFRPHE
e AT BT RARA)
. v AT REE BB

04 06 08 L0 12 14
HRRCIER /%

B 4 FBWEA -5 0 R &
Fig.4 Normalized shear strength versus effective

reinforcement ratio

B 4 TR RT LA . HLA A ) A 800 A 2 1 4N
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FHIE AIHTBY 7K 4R 7, R A TE A BB 3 0 1) LK
A AT R = EH A G — BB R R A
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3 ERTESHBEERILR

AP T RTA S PUER B TR A R i

H SR LLES Ry Ve ABUHTRZR 750 (H
Ve HHTBT A FUNAE . FL7E Eurocode 2 Hr 2284
vy B0 1.0,JSCE A% v, Bt 1.0,CSA A23.3—04
S CSA—S6-—06 5L ¢..2 BL1.0.

I ACI440. 1IR—06 #EZ# (1 FRP f 2R & 1
VLB RE J13H 5 AR N Tureyen F1 Frosch®) fir 45

x4

g N SIREE LRI E L, n, = EJ/E..
JSCE 252, A A 4e i 2 1 3L, S50 B,
Al LARIR N
B, = (100px)"* < 1.5 a9
SEE AR FLH TR A TC A B IR BE 1 BT 8 R 2
.

RIRARGENARESHEHEE R L

Tab.4 Comparison of predicted and experimental shear capacities

ACI318—05 Eurocode 2—04  CSAA23.3—04  ACH40.1R—06 JSCE—1997 CSA S6—06
PaS Vep/kN

Vored/EN Vesp/ Vored - Vred/BN Veo/ Vored Vored/EN Vesp/ Voread Vored/ XN Ves/ Vored - Vored/BN Ve Vored. Vired/KN Vesp/ Vi

B-SGO04A 87.50 107.10 0.82  86.50 1.01 72.10 1.21 56.00 1.56 72.30 1.21 45.70  1.92
B-SG004B  85.00 107.10 0.79  86.50  0.98 72.10 1.18 56.00 1.52 72.30 1.18 45.70  1.86
B-SGOO7A  95.40 105.40 0.91  96.90 0.98 83.20 1.15 65.60 1.45 81.00 1.18 51.80 1.84
B-SG007B 102.50 105.40 0.97  96.90 1.06  83.20 1.23 65.60 1.56 81.00 1.27 51.80 1.98
B-SG012A 115.00 104.80 1.10 110.30 1.04 94.90 1.21 76.52 1.50 91.10 1.26  57.90  1.99
B-SG012B  120.50 105.50 1.14 114.20 1.06  98.60 1.22  79.90 1.51 94.40 1.28 59.80  2.01
FHIE 0.96 1.02 1.20 1.52 1.23 1.93

AR 2K/ % 15.06 3.34 2.68 2.68 3.72 3.70

M4 7 IFE H, ACI318—05, Eurocode 2—04
o CSA A23.3—04 (i1 5MA 55 45 R AT 6 8K
m. B ACI318—05 i i fH 48 % & & K.
ACI440.1R—06,JSCE K CSA — S6—06 ) T 2% 5
Byt 4.

4 g

BP9 1 M i 1 5 IC A9 1 056 - R i HL BT R RE.
FEHPE T 12 AR b 3 RN e B 1 22 .6
MR A BCTREE 12 F 3 R GFRP i %5 i 56 25 1k
SR TR YN 1A RO R S FRP fif; 55 #4975 W
JEH IR 25 R S A SO TR A5 R T X
PO T RARHE PR 4598

(1) 2\ Foiy il ) 19 52 52 Mo e I A TR 5 - SR ) L
BRI T G\ WL RO BT BT R 80 8y - A 2
3T LAAE Sy SR AE AT W BE AR X R/ NS L

(2) FRP fifj-55 805577 W B LUOx i 2 C A TR 5 1 22
BT PERERZ ML)

(3) HAfH;F1 GFRP fHikh 25 P REAH I o o A R0C
AR ) AT TR o5 Rt TR BC AT R 5k L IR A GFRP
WARA ML R PTST RT3 T4 R RS A

AT RE A 37 RS AN A TR 5 9 L TR G T A TR E B R
FRP ffi 22 =& 58— P s R =R A

(4) 2% WA BT 25 5059 AR 48 15 4 o, CSA
A23.3—04 1 Eurcode 2—04 ff 451158 J7 ¥ T G
JE AR A RO A TR B TR pT I R Sl A 5
#%  1M ACI440. 1R—06, JSCE J% CSA — S6-—06 (14
T 45 SR Al DR~

DL S50 T AR IR A5 ) 6 HoAh R A 15 B
A, W W A A1 CFRP ( carbon fiber-reinforced
polymer) . 4 #; A1 AFRP (aramid fiber-reinforced
polymer) fifj , Hid& F P38 A £f i — 25 i 5 F 5% . 9]
I, AR SC T ZEWF A RO R G T A TR Bk 2
BUSYPERE R SE 0, AT BY K38 5% PR 2 L A0 8T
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