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Analysis method of shear lag effect of twin-cell box girder
ZHOU Shijun'*, SHI Yu’an', ZHOU Cao', WANG Gang', BAI Ruicong'
(1. School of Civil Engineering, Chongqing University, Chongging 400045, China;
2. Key Laboratory of New Technology for Construction of Cities in Mountain Area of Ministry of Education, Chongqing
University , Chongqing 400045, China)

Abstract: To address the shear lag effect problem of double-cell box girders, an analytical theory and a finite
beam segment method based on the distribution law of shear flow are proposed. The zero point of the shear flow
distribution in the double-cell box section is taken as the origin of the longitudinal displacement function in the
cubic parabola form, and the governing differential equation and boundary conditions are derived by the energy
variation method. Based on the energy equation, a finite beam segment with two degrees of freedom for shear
lag displacement at one node is proposed. According to the LLagrange and Hermite principles, the displacement
interpolation function is constructed, and the corresponding stiffness matrix are derived. Finally, a shear lag
effect calculation example for the simply supported double-cell box girder is analyzed. The research results show
that the proposed method has high accuracy and good applicability; the proposed finite beam segment method
agrees well with the analytical solution, and can analyze the shear lag effect under different load conditions;
there are differences in the shear lag coefficients at different webs of the double-cell box girder, and the farther
the distance from the shear flow zero point, the larger the shear lag coefficient; the shear lag effect caused by

concentrated bending moment is much larger than that caused by other loads, and the shear lag coefficient
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undergoes a sudden change at the concentrated bending moment point

Key words: double-cell box girder; shear lag effect; energy variation method; finite beam segment method;

numerical simulation
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Fig.1 Schematic diagram of a typical double-cell box

girder section
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Fig.2 Schematic diagram of shear flow in the opening section
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Fig.3 Schematic diagram of shear flow in the closed section

2 HER AR IR AT R

2.1 BEXRREEHUEGEEL

5 ) BE 722 73 10 2R AT X0 A6 92 5 ) i R0

SrRTEE TSI A LLR A BRI

1) AT 0 rh o b Al o A R R, BAES
WA R (2 I N VA= R S 7 N

2) Z2 W& VT AR 5 U1 AR IR, W S S TN
I‘EﬂELiJrfO

3) BY 3 A500 kA T AT Y AE I g oA B
S W A6 A R AR 1] I g ARG ) i 3 43R A
FRMIITE

BT AR BT U o A LA ) 1 S AR
BN 10) 7 B pRE
w=nh, w:/JF(Ul(Iéf”).JFd])?’:],
O<I<511
u, = hy w!+(772(1_b3bn)+d2)¢;},
bll<f</71

| b b))’
ugzhl ”w;’+(_773(1121)+d2 901},

3
21

b<<x<<b,+ b,

us=—h, w!+<_7f ( «b”) +d, :l

31

O<I<b31

I by )’
w"er()?S(I:sM)JF da)?::l’

by <x << by
um:—ywj-l-hl(m-ﬂ—dl)ga:,
—h<y<h
y=—yw!+h(y.+d.)e.,
—h < y<<h,

us=—nh,

(5)
KM run s s s g e 530 R TR by, BT
B b1, BE B AL b B IR R by BE R AR by B P
B A0 321 R AR BN ) L FS 5w Sl B 0 RS w' S B A
@ R 5 UY e SR 0 B R A8 s di~ds p—~s R IR 7
PR3 A B IR Z 8805 2 i BN 1) Oy 1] B s e Ly 0
J3) Sy TR W R v B I B
A SCLL TR 61y B35 U) 289 g ZE il MR 4% A AH
XF B Y)AR T AR Ry & 51 7% bR B = U IR I R B, H
Fn=1,2,-,5, Il i L AE VAT B IE R T A



55 9 1 VR 2 255« 02 A R 5T 0 R 9 43 B 7 1461
o 5%111}11 blzh}h 15:2[73212/13;[7&%771:1»2,“' , 5 B R B B T, A IR
" T v, I b1y Do bbb
- bt hy - biitsh, (6) FH I/ Re IR B, 283 4y S AR ) 5 4% 3 )5 m]
Yobhah T bk 75 300 42 o e o3 7 R R0 L 4 1 -
,}5:%@,1 )t [EN,w'+ EN,g'+ M]ow'=0  (10)
‘ V4 " 9G
iR A I A B R AT L AR T ] FMW+EM¢5’ }W_O (11
iﬁ/%m{fF,d,,(n:l,Z,‘“,5)%’%1_7’9 L
[EN.w"+EN;¢'|5¢| =0 (12)
dlzi(A11ﬂ1+A170973ﬂ'Af+ 0
Sy AL 37 5 (10) ~ (12) , 77 3R 75 05 Y6 £ 19 f A 2
(Siy) At = =) A4 lf 9587 82

h
(772A2+7]1A31+771 Wl+7]2Aw2 )/A

d.=d, (7)

d2:7]2+d2*773

h

d4:*/71<771+d1>*774

d-=d,

K ANERE A GA L ALALALAL AL
A AR by by by by by by RIE R IR
Akt 7 A T AR

2.2 EHRSFTESHREH

XU R BRI T Ron ol

H:J [Mw”r ?Nl(‘w”)z + EN,w"p'+
0

E 96
ENM) T
o M R S A E O SR G o BT IR

LK N N, N N RS 5

N=S14S,
n=1 n=1
NZI( T +d7,)

N4§0 :|dZ (8)

i 3h (hz h)(n+d,) L,

= L hihyth?)

o ©)
N=Y I,,( 777” ,?)+

n=1

5 2
(hi—hohy+h2) "

Nﬁzl,]"””
A Ly AR B E R L Lo = 2,(h3 + 41)/3;

L, R I B AR L Lo = 20,,( 3+ hY)/351, 3

MR Z s BBl AR S X e A PR
L, =2b,t,h}, I,= 2b, 1,5, 1, = 20, 1,13, I, =204 t,h%,

3hi(n+d.) ,
(hi—hihoth2)

{0”* aZgo =5Q (13)

¢=ﬂ(Clsinha2+ C, coshaz*g2 (14)

a
/ 9GN, N,
a p—

S5E(N,N,— N?)
N,

E(N,N,— N%)

B QORAX(12), w132

E(Ns xz )[go —pMJog[ =0 (5)

i 3 (15) 0] WL, 24 77 46 b s i B, A R R
AR B Sy Ak AR A L K 5 8T L o Al
Xof I8 0 R SCR B i R ST ek ik =

7\72
v )[90 — M | (16)

ﬂ:

2.3 BABMBHMEX

B 7 R B R 5 5T ) W RO ) B R AR,
Hat s =8
A=g/c.=1+o0,/5. (17)

N LR - A R QA =N (K - A LTSN VA R A Ei's
) 55 A BE T RAT A RGE Y ), 6. = My/Ns0, 0
B 70 5 A R .

TE HUA B R BRI ity AR Sk R A T BY 0 R
B3 BRI G AT B A5 B B g A F R R O 1 A5
X% R TR A TR OB A @y ~a, WL 4 7 o

X% AT 25 G B A 1Y BY i R Ok

d, a4, d, a,

| |

T -

bll 7712 bZl
Y°] B
YIb

31 b32 -
a. a a

B4 WEHFRBEXES
Fig.4 Key points of the double-cell box girder section
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Fig.5 Schematic diagram of a finite beam segment
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Fig.6 Schematic diagram of load application position in

finite element simulation(unit:m)
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Fig.10 Transverse distribution of shear lag coefficients under uniformly distributed load
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Fig.11 Longitudinal distribution of shear lag coefficients of the top plate under bending moment
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Fig.12 Longitudinal distribution of shear lag coefficients of the bottom plate under bending moment
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