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Calculation of bearing capacity of reinforced concrete bending
members considering correlation between bending and shearing

ZHANG Wangxi®", LIU Jingjin®, CHEN Bao®, DENG Xi®

(a. Civil Engineering College;b. Hunan Provincial Key Lab on Diagnosis for

Engineering Structures, Hunan University, Changsha 410012, P.R.China)

Abstract: There is correlation between flexural capacity and shearing capacity in RC(reinforced concrete)
bending members. Chinese code GBJ10-89, GB50010, JTJ023-85 and JTG D62-2004, as well as American
code ACI318 basically follow the same guidelines. They do not consider the bearing capacity correlation
between bending and shearing sufficiently. The amount of longitudinal reinforcement and stirrup of a RC
bending member is respectively calculated according to its normal section bearing capacity and oblique
section bearing capacity. Only for independent beams under concentrated load, the influence of bending
moment on shearing bearing capacity are considered through the shear-span ratio. Based on the analysis of
the implicit correlation of bending and shearing from GB50010 and ACI318 strength criteria in stress level,
and the effect of shear-span ratio in bearing capacity code formula, a modified formula considering the
correlation of bending and shearing is put forward. By introducing several typical examples, the amount of
reinforcement with different parameters is calculated with the modified formula and the code formula,

respectively, and the reliability indexes of the two formulas are compared. Moreover, according to the
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target reliability index requirements of Chinese code GB50068-2001, the necessity of considering the
correlation of bending and shearing in RC bending member is discussed.

Keywords: reinforced concrete bending member; correlation; modified formula; reliability index; safety
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22 HEREENRSHTHRIEANHEXHE
RN — R W 5T B A R AR T 52 R R ) T R AR T A Y AR T A 1 K 32 A0S T 2
GB50010—2010 Z & & AR K
nyAS =a, f.bx,
M=FA.(hy—a/2).
G B B AR 5 59 ) VOV B A EE < 35 IXTREE LI )& ) Ve R RE R G T Vs Gl ml N A Y B A
T3 Vs ) Vi, (B 5 5% M P8 N )M aEE A L)) T 85 s XIREE & ) Cififihi s Vi, .

12



%14 P E L E EETHHERGRGREL S THEARRATE 33

a.f,
___ & [—"
xl ; ﬂ N M | C
h h 0 I3 J h, -—_
A e
= s M
L—_lb o A —|:|'/\V_—T
(a)HRT (b)BiAs (o YAE3800% Jy [, "
E 4 BB R EEE BS5 ZERmBEEZHER
Fig.4 Classic rectangular section with single reinforcement Fig.5 Load situation of beam end isolator '’
ANTE NS B A A T AR BT - A
V=V.+ fnAshi/s, (13)
R A 25 -4 A
M=T«(hy,—x/2)=f,A.(hy —x/2), (14)
AR A AR T A IR IS YR OB 52 T DX AR s E oo YR N S AN ) o B B R ) T AR S 4 2] a3 A, LA
V=rtbr+ [ Aho/s, (15)
F A, =obx s (16)
x=2[h, —M/(f,AD], an
JEe)
. h()
fv_fWAw I % (18)
te bx 0T Ty o
e XA ANAZ TR Iy 5 FEAH R (D IR MLV s M,V U
. ho : fyA> 2_ }’» z . 7Mu k_l. :
opon ) ) ) T M)t o

K YV, SV RV, =V M >M i M, =M,

S C19) X W 1 A O X554 {2 48 AT R~ L B 7 R i 5 08 BE L TR A o (G4 A TR EE LR AR A G, B 6 o —
A RS 4R AT X R A A B A O il 26 280 1T 6 X A =200 mm X 600 mm, HRB400 % Y Jif 4 $8 @ 200,
HRB400 ZL 9\ iy 4 $20, Ak i E.O B2 P S AIIEE a =35 mm, R HE 58 B . C20~C80, 7] LLF i . X
FIZ MR .24 V. /Ve<<0.82 B} ,M /M, =1.0;24 M,/M,,<<0.52 B ,V.,/V,=1.0,

1.05
1.00
0.95
0.80
0.85
E= 0.60 = C20 E:
» —o—C30 N
0.40 —A— C40 0.75
—o—C50
C60
020 b ceeeeeen 70 0.65
C80
0.55
000 020 040 060 0.80 1.00 0.82 0.87 0.92 0.97 1.02
M /M, MM,
(a)227% (bR

B 6 LR en f E T 38 B T X RV B9 L5 B A 5K 4%
Fig.6 Bending-shearing correlation curve of some classic single reinforcement rectangular section

according to the strength criterion in code



34 TR KX FFR % 41 A

23 MEARFAMELIXAPETEXESH
GB50010-—2010 Hr . 5 v fap 484 I A9 20k 3z 5% ok 7 ) AR A T 32 5 7R 300 A

1.75 h
u A+1f bh‘O +fy\ sV s ’ (20)

KA BB AT A=a/h . 4 A<<15 B BLA=1.5;% A>3 B . BLA=3,
XFTBIESE A=M/(Vh ) AE—E Ry EHE T BT (M/V) XM 52 85 K2k sgm ., K’ 7
Sy (20040 E 1 BY 15 E s il &

1.00

075+ 0.70

0.50 0.4375

(V,~ £, A h/s)/(fbh)

025

0.00
0.0 0.5 1.0 1.5 2.0 2.5 3.0 35

A
B 7 GB50010 4% H 3 5 & £ 77 B9 50 B8 Lb 5% 0 B 2%

Fig.7 Shear span ratio affection curve of oblique section shear bearing capacity from GB50010
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Table 1 Example 1(M =100 kN » m,V=300 kN) : Reinforcement comparison of modified formula with code formula

0 ey Wi As/mm’ §i i (A /s)/(mm*/mm)
(mmX'mm) A BIE BIF + M MG BIE B+ Bl
300X 550 565.4 1195.1 2.11 1.05 1.05 1.00
C30 300 X600 511.0 1 068.0 2.09 0.85 0.85 1.00
300 X650 466.5 967.2 2.07 0.69 0.69 1.00
300 X550 561.4 1175.1 2.09 0.94 0.94 1.00
C35 300 X600 508.1 1 053.9 2.07 0.75 0.75 1.00
300 X650 464.3 956.8 2.06 0.59 0.59 1.00
300 X550 558.4 1161.0 2.08 0.83 0.83 1.00
C40 300X 600 505.9 1 043.9 2.06 0.64 0.64 1.00
300X 650 462.6 949.4 2.05 0.48 0.48 1.00

F2 EH 2(M=200 kN » m,V=200 kN) : A% i+ & & Lk &
Table 2 Example 2(M =200 kN » m,V=200 kN) : Reinforcement comparison of modified formula with code formula

0 R/ Wi As/mm? fiEffi (A /s)/(mm*/mm)
(mm X mm) M BIiE BIE « HE G A BIiE BIE : #iE
300 X550 1195.1 2 376.0 1.99 0.38 0.40 1.05
C30 300X 600 1 068.0 2 216.6 2.08 0.38 0.38 1.00
300 X650 967.2 2 100.5 2.17 0.38 0.38 1.00
300 X550 1175.1 2 388.2 2.03 0.42 0.42 1.00
C35 300 X600 1053.9 2 249.9 2.13 0.42 0.42 1.00

300X650 956.8 2 052.9 2.15 0.42 0.42 1.00
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B3k 2
o W R/ P As/mm? §ti /7 (A /s)/(mm’ /mm)
(mm X 'mm) i Bk BIE = HiE A BIE BIE = B
300 X550 1 161.0 2 408.6 2.07 0.46 0.46 1.00
C40 300 X600 1 043.9 2 247.4 2.15 0.46 0.46 1.00
300X 650 949.4 2 013.8 2.12 0.46 0.46 1.00

x3 EH 3(M=200 kN - m,V=100 kN) : A3 & i1 B # LL &
Table 3 Example 3(M =200 kN - m,V=100 kN) : Reinforcement comparison of modified formula with code formula

o W R/ P As/mm? §li /7 (A /s)/(mm’ /mm)
(mm X 'mm) i Bk BIE « HE A BIE BIE = B
300 X550 1195.1 1 500.6 1.26 0.38 0.38 1.00
C30 300 X600 1 068.0 1399.7 1.31 0.38 0.38 1.00
300X 650 967.2 1 318.2 1.36 0.38 0.38 1.00
300X 550 1175.1 1515.4 1.29 0.42 0.42 1.00
C35 300X 600 1 053.9 1420.4 1.35 0.42 0.42 1.00
300 X650 956.8 1 344.8 1.41 0.42 0.42 1.00
300 X550 1161.0 1529.2 1.32 0.46 0.46 1.00
C40 300 X600 1 043.9 1 438.4 1.38 0.46 0.46 1.00
300 X650 949.4 1 365.8 1.44 0.46 0.46 1.00
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Table 4 Load statistic parameter and distribution characteristic

- . 5 3 .
Tif 22 5 i3 G K pir#k W
Ly L
EHE g 1.060 0.524 0.644 1.015
AR RE O 0.070 0.288 0.233 0.193
HEFE . — 0.7 0.7 0.6
AT IEA 4 el 1 7 e (8 T e fE 1

x5 MBMERITSH

Table S Statistic parameter of material performance

2 S /B HEE & RS )
C30 W HL SR E £ 1.471 0.185
C30 mebihr ik B £ 1.463 0.185
HRB400 L5 & f, 1.10 0.08

HPB300 $T 3 /. 1.08 0.08
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Table 6 Statistic parameter of geometrical characteristic
JLf 2% T {E /AR HEAE « A5 REL S
W TR o 1.00 0.01
AT 3 L 1.00 0.02
A B B o 1.00 0.042
P As 1.00 0.03
fili AR AL 1.00 0.03
i A3 [ B s 1.00 0.063
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x7 HOUEERDIHELER(ZT pv; E BY)

Table 7 Example calculation results of reliability index f(bending By ; shearing f )

167 BB L o

8 A5 AL . .
0.10 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
So+Su, 292 3.1 3.43 3.62 3.69 3.71 3.72 3.72  3.72
GB50010
Yol So+Sue  2.86  2.96 3.20 3.78 3.44 3.46 3.47 3.47 3.47
So+S,  2.60 236 2.42 243 241 239 236 2.35 2.33
Py S¢+S., 511 5.27 533 528 520 5.14 5.08 504 5.01
BEARX  Se+Sw  5.05 513 5.16 510 502 4.96 4.90 4.86 4.82
So+S., 479 452 4.36 418 4.04 3.94 3.86 3.80 3.76
So+Su,  3.45 3.57 3.81 4.02 4.12 417 4.20 4.22 4.23
GB50010
Y10 So+Sue  3.41 3.48 3.66 3.82 3.91 3.96 3.99 4.00 4.01
; Se+S, 325 310 3.16 3.18 3.18 3.16 3.15 3.14 3.13
v

S+ Sia 4.52  4.65 4.87 4.99 5.02 5.01 5.00 4.99 4.97
B IEA R Se+ S 4.47 454 4.70  4.81 4.83 4.83 4.82 4.80 4.79
S¢+S. 4.30  4.12  4.13 4.09 4.03 3.98 3.94 3.90 3.87

5 MHRELHSHTEE
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Fig.13 Moment curve and shearing force curve of beam
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