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Study on Shear Behavior of RC Beams
Strengthened with NSM FRP Bars

ZHANG Haixia ,SUN Chuang ,LlI Chengxiang

(School of Civil Engineering, Shenyang Jianzhu University , Shenyang , China, 110168 )

Abstract: The aim of this paper is to investigate the shear behavior and shear ductility ,and to es-
tablish the shear bearing capacity formula of RC beam strengthened with NSM FRP bars, which
provides theory basis for the engineering application of RC beam in shear strengthening. The total
of 7 RC beams strengthened with NSM FRP bars and 2 control beams in shear were conducted
out. The failure mode ,load-displacement relationship,load-strain of FRP bars and stirrup relation-
ship, stress redistribution on inclined section and shear ductility behavior are studied. Based on the

arch truss model , the key coefficient is introduced to establish the formula of shear bearing capacity
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of the strengthened beam. The results show that the shear capacity of the strengthened beam in-
crease by 30% ,compared to the control beam. The average ratio of the shear ductility coefficient
of the strengthened beam for the shear failure to the control beam BS2 is 1. 167. It shows the im-
provement of shear ductility to some extent. When the diagonal crack appears and the yielding of
the stirrup,the stress redistribution on inclined section occurs. The ratio of the test results of the
shear bearing capacity from the previous papers to the calculated results from this paper is in good
agreement. The NSM FRP bars strengthening technology can improve the overall stiffness and
shear capacity , effectively delay the propagation of diagonal cracks,reduce the crack width,and en-
hance aggregate interlock behavior of concrete. Consequently, the stressed state and deformation
capacity of the strengthening component are improved.

Key words: NSM FRP bars; concrete beam ; shear performance ; shear ductility ; calculating model
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Fig.1 Details of the test specimen
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Table 1 Details of the beams strengthened with NSM FRP

N PR VIRE TS WESH N FRPARKA  FRP IS /mm  ERP W/ (°)
Jin & X Jingi X
BS1 $ 6.5@300 $10@ 50 1. 87 — — —
BS2 $ 6.5@300 $10@ 50 1. 56 — — —
BF1 $ 6.5@300 $10@ 50 1.56 CFRP 300 90
BF2 ¢ 6.5@300 $10@50 1.56 CFRP 200 90
BEF3 ¢ 6.5@300 $10@ 50 1. 56 CFRP 150 90
BF4 $ 6.5@300 $10@ 50 1.56 CFRP 100 90
BF5 ¢ 6.5@300 $10@ 50 1.56 CFRP 200 60
BF6 $ 6.5@300 $10@ 50 1.56 BFRP 200 60
BF7 $ 6.5@300 $10@ 50 1.56 CFRP 200 45
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Table 2 Mechanical performance index of steel bars

and FRP bars

e d/mm f,/MPa f,/MPa E /10° MPa
822 22 441 578 2.0
812 12 492 626 2.0
$6. 5@300 6.5 324 498 2.1
$10@ 50 10 414 509 2.1
CFRP fffi 8 — 1 800 1.4
BFRP 8 — 700 0.5
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Fig. 3 Failure modes of specimens
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Table 3 Load capacity of specimens at each stage

N P/ kN P./ kN P,/kN
BSI 90 141 233
BS2 86 273 325
BFI 150 250 260
BF2 140 350 351
BF3 149 380 470
BF4 150 307 374
BF5 173 327 412
BF6 150 325 400
BF7 160 300 398
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Fig. 5 Distribution of mensuration spots for strain of FRP bars and steel
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Table 4 Shear ductility coefficient of specimens

RHE  E/mmd E,/mm oy
BS1 235 1 003 2.63
BS2 221 1 386 3. 64
BF3 351 2 341 3.83
BF5 177 1379 4.39
BF6 316 2 397 4.29
BF7 191 1522 4.48

TE : By AFA R A AR 4 - PB4 'S x il
JIT R RUAY TR ; 2, hrisk R ) AR SRR B2 81 DX, LR 28 —
PEEMER S x FAT AR sy AR B UIRENE 2R AR

M4 FR] LU i e A4 5 O3 4

RO TR LR AE 5T 5 LA RIS LT
A0 G ) 5 U AE 4 2R RS 6 Bt BS2 1Y
BYUIZEPE RSB R 1. 167, AT TN
% FRP 7 BEAS i a1 19 B35 D) 28 4 | 2 553k
PR BY VAT RE 71, 53 41 FRP i ff hy 45°
(34 BF7, L85 U) 1M R BOK T FRP i
14 60° B A BFS ; 1Mtk A CFRP fifj (114
BF5 Fliix A BFRP i ()i BF6 .5 U] ik 44
FREHHI.

4 InERPUE RS TA

4.1 HmEITE#ZES

H 5 A AT, FRP A 78 1R BE 1+ 2240 39
[ 52 ik v A 4 AL 5% PN 4 A7, TR Ot
S S TR B AT A7 G AR A T AZ BT AL 1Y)
BUIE TSR R FLAE S in 81 50 59 1153 1)
JI2FAR R R Ak R Ak R
VEHR 52 R RUE T, 4 57 R 52 PLIE AT, FRP f
HR A A AR BE AN [T AT LA A2 53 B AT
aZ P RE T, BT R X TREE 1 R 3% AT, 5240
NI

X B H s YR kg = 0 [ 9%, AT T
ST AT BROE

(1) Jim [0 32 % A B e 8 IR I, 220 s T
- i F1 FRP i 2 (8] A A B

(2) N IR EE - PThifEH

(3)FRP iRz 11, H 5B E -2

P, IR 32 77 5
(4) Z W REREEAL RS T AL 1)
52 SRR AR

(5) B9 H X IR BE BTN )y 7 KR
o HE) 5.

P FRP i i [ 52 i 40 85 7k 2% 0 1 5
WA

V=V +V,. (5)
Krp. v, AR AR BT J1 5 v, HEHL
FA7RFH ) BY 77
4.1.1 HiIZHLRG A5

B AR B A ) ) o 5 S B A TATT AL



426 WHERKESMARBFR)

o534 3

¥ J1 00 M  HEZR BR3P AL 10.

]
55}%% ¢ o
\ .

S

b
1

=

B 10 HIAHLI 5 iR A
Fig. 10 Truss calculation diagram
FH G 5 1 3 RS R ) - 1 2 A
Y X =0 o-bheé =frA +

Sio'cfAcfcos,B( 1 + tanfcotB) , (6)
cf

A,
ZY =0 v, =7b-h,-¢ +fyvs e +

Sia-cfAcfsinﬁ( 1 + tanfcotB) , (7)
cf

YM =0 Veia =f:Ashy(1 =0.5¢) +
foAs ¢

°Ce

K 2

+ siacfAcfsinﬁ( 1+ taanotB)-% .
cf

(8)
Ao & MARXT 2 TR IX 5 B2 5 0 O i St 34 4
FARE ;B N FRP fifjitx A A BE s, i FRP ffj ]
B 55 Rl (A ; Ao FRP i 800 A o,
KB FEREIRET FRP i 1 F1 ;5 ¢ A ife S 4t 4 4
KK
BT X IR EE R BTN ) 7 RN ) o
s A2 (9) B TR BE + & A B R R,

T

- 020
e O'ch +0.5. (9)

Ao f, TREE RO PR SR .

XTIl PR SLAE B T RS A
AOTTARR I SCHR [ 15 ] v B J8 W B 42 Y
HELAW

c=0.9/Ah,, (10)

0:arctan(%). (11)

AP MBI, A <1 BF HUA =152
A>3 BUA =35k SRR R0

AN I 51X R R 52 R X 7R
EH AR

£=0.5-0.1A. (12)

[FIEHEGE £, =10f,, #20(9) ~ (12)1RA
B (6) (7). (8) 1, A& HIF AT H 4 UL
G, AT AR BY 1 R

V,=( —0.490 +2.04)f,+b+h, + (0. 14A +
-

0.69) ™"

“hy + [(0.14A +0.69) sin8 —

T A,
7? Cehy (1 +

cf

tanfcotB) . (13)
4.1.2 HAURRIEE Y
BEHUG AT R AN 11 R,

L htan6/2
vl H

(0.02A + 0.13) cosB ]

hi2

11 AR A
Fig. 11 Arch simplified calculation model
B Lo o —A 8T s B Y R, B
W
(1) 485510 A =3 B R IEHE U A
1524 A =0.5 B, AB EHTAY R R1EH].
(2) 228 He oy 3 B HICRE i, ABUE H1EHLA
e[ — BB BR N B SERE RN ) o, PREFAVEE.
BRI ) o, AT RIR N
vf,, A=0.5,
o, =40, N=3, (14)
(1.2-0.4N)vf,, 0.5<\<3.
AP ow IRBE LAY SR R B, v =0.7 -



55 3 1) TR IEEETAE . PNk FRP 570 VR 6 4 2R A 40 o M BT OT 427
£./165. 060n
IBEE8 B, =0. O, 1 D5 L i YT sl
h/2 1
tanﬁ—)"ho—l.g){ (15) 0.48
H1 3P 25 A T A5 HELR R8T T o < 042
bh . 0.36
V, =0, 751n0. (16)
0.30
& f, =10f, IF H 0 1R /MBS, sind = tand, 024
B (14) (15) AR (16) b, AT HEHLAY

B R AR
30 - 10A
Va="3 1

4.1.3 FRP #ih J1 o fi1H5

TN G5 B IR, 5 242 A1 48 Y FRP
AR AT REAS H 5T R ) S 3 B X
() FRP fifi A ik 2 HAR FRYTH7 58 B, i FRP
A 1R

0y =& E;.

vf.bh,. (17)

(18)
K e HRBIRET FRP 7 1A 800 2.

FRP fiii A 200725 5 FRP 7 2 h0 5y
TR A AR BE I [A]— 4 FRP ffiAS [ 37
SRR S ST A G O I A R AL, —
J& FRP A= D, , 75— J& FRP fii i 2%
ST AREL D, , 5 FRP AR AR R

&, =DDe,, ;. (19)

D, T LA SR FRP i fie K0 A8 5
BRI AE 2 FeoR 3R, HAE 5 FRP A7 19 [

A, B S IR B+ R R E X,
FRP i & %k

Acf

Pio = p s esinB -

K12 J D, 5 p, Z A ZR MR AL A
EITh AT LA i, D, BEA py, 1Y T AS BT 0
NG R E LA T A

D, = —py, +0.7. (21)

WFFE R, TCie N E 1Y FRP ik A
ey, XA [F) 7 A Rl —HR FRP 7 , FL 0 AR
W SR S A 0, an i 13 B, A
SR NY =l (o NI = A 7 A L R
FRP i i o5 09 1 A8 B 3 K, 4% 1 7 i FRP

(20)

1 1 1 1 1 1 1
0.18 0.24 030 0.36 0.42 0.48 0.54 0.60
Psp

B 12 D, 5 p,, ZEHIC R ML
Fig. 12 Relationship curve of D, and P

A0 A58 I AR AR /0. 2 2 I T 2 A T
A% S  FRP fi T in R PUSE BT , A
[ far 2 2 9% T 199 FRP i3 115 /9 5 19 0 2% 43 A7
il 28 55 A il BT R 8 1) TR A L 5[] — i 28 &5
T FRP 7 5 76 AT 3 5 3 s 35 2] s | ]
A5 Skl e PR TR, A AT LR I T2
4 1% FRP A7 R BUR D, =0. 6.

1800 —®—25kN
—®—50kN
—4&— 80 kN
—¥—100kN
—<4—200kN
——250kN
—4—300kN

—®—335kN
——375kN

1350

900 -

FRP#5 R A8

450

¢ ™ .
0 50 100 150 200 250 300 350
FRPEE RN B /mm

Bl 13 FRP A 3L B i B AL o A
Fig. 13  Stain distribution of FRP bars along the height

of the beam
4.2 ANIWIE

EHBE T ENINEA B K AT

N BRI 8 6/ R A R Y (ERC S LR e VALl
it FRP fii i & JR 558 - 3% 59 51 57 AR 2801 9
THRMEIEAT X L, e 5 Fios. R LA
L 7E R AR B VIR R AR b e (5 TR
{E HLAE R 4{E R 1. 000, B 2540, 047 4,
AR5 FREON 4. 74% | AT WL ) AT



428 W K2R CARB¥R) o34 %
x5 INEREPE RIS R
Table 5 Comparison between calculated values and test values of shear bearing capacity
- o FRP fi2¢  FRP [ i WRE HRE ,
JEv g5 e o 278N Vexp/vca]
Hﬁ/’l‘& i/ mm Jtl"/( O) Vexp/kN Vcal/kN
BS1 — — — 233 263. 1 CIRvINE7N 0. 886
BS2 — — — 325 328. 86 BYYIREIR 0.988
EH BF3 CFRP i} 150 90 470 500. 46 EIN7INEIN 0.939
BE6 BFRP fi 200 60 400 376. 51 LURZIETE7N 1. 062
BF7 CFRP ff 200 45 398 391.03 SYIWEIR 1.018
BS — — — 162 156. 82 LIRFINTEoN 1.033
SCHR[17] L
BE2 GFRP fffi 300 60 225 226. 11 ERvILTE0N 0. 995
BC — — — 90 87 B UImEIR 1.034
k(18] y
N3208 CFRP # 320 90 117 110 B + k4 1. 064
LO — — — 55 56 LR} 0.982
Hk[19] L1 CFRP # 235 90 75 71 5]+ FE 1. 056
L2 CFRP #t 155 90 84 82 Egv) 1. 024
G - G8S18C20 GFRP fffj 150 90 111.8 113.4 B + BB 0. 986
SCHR[20] .
G - G8S20C20 GFRP i 150 90 109. 5 112.6 B + FE 0.972
FPT3 CFRP i} 160 45 142. 4 141.9 3 1. 004
SCHR[11] N
TPT4 CFRP #fi 160 45 135.4 140. 5 B 0. 964
5 B (6) R HHIEHT LA FF5] A FRP #
A

(1) FRP filal#E A AN ) S5 il A e IR
FEA, HUME T FRP A FEH~200 mm.
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—HR FRP AN [R5 14 b AR (B AN AH R Y.
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TR 4% PR RS N A7 e RS

(4) FE SR T AR H, AR B8 i [ B i AR
[F] 65 FHLHb 1E B FRP A i A Ff1 FE. 25 A s
R AP B 7K 2877 J7 101 % &, FRP fifjitk A
FAFETN 60°. 575 FE$2 v in [ 44 7 1) A2 B
PEfE, W) FRP fifiitc A S BEH A 45°.

(5) Ptk FRP A 4 AR Geag £ i 14
AR RE (AR I B TN BT 7K 38 17, A Rt E 2% ) 3
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BEZIa] By G JT, AT kst 1l 1 32 70 1%
i M AR g
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