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Fig. 1 Box girder with trapezoidal cross section



868 it & A

¥ F %

#29%

AR — R R ux, y, ) AT RIKH
=—y[w (D + (] oz, y) f(2)
=—yw(D—wlx,y () (L
P () HAR RN ) SE R B . fCo) S BT ) A4
JO7 53| A B4 B B B (B 3 ) AL RS L o B B
Ty ) H VB SRR R TR R B o () K
5 3 e it B R B @ Caes y) S ARNE T BRE 4% it
B s — 'Co BBy I3 SUALRS pR L B
w(x,y)=y—no.(x,y) (2
Fh PR s AR AN S (D) AT R AT A — AR
RS o(xsy, ) N
o(x,y,2) =EQu/d2)
=—Eyw(2)—Ew(x,y) f"(2) (3
2 (3) v S 25 — LB Ay AH IO 4] 25 5% B 25 i
J3 5 Z 3 A B g e v o, BD

u(x, y, 2

6,=—FEwf” 4)

BY J1 R T o, FE AR SR N 2 A
Sl A B 6, WA 0 A AR L )

L%dA:o, LawydA:O (5.6)

B ORARXG,6), FEZELR @O ER M
xSl R AKETE O T A5

J wdA=0, 7=1/L, (7,8
A

S II:JAysz,L,;fj wedA; I J R4 i
BT 1 560 K T Al D LR 46 T L T R
A B S i T BT AR
S SUW AT LR M, W F
I\/L,:j\omwdA (9)
AR M, N R E A A d ALK
LI B F1 A ) AT SRS B <
BT B H 6 31 L A SRR G S8 5 138 X A
i
2t (D fE A (9) L T 7%
M,=—ELf" (10)
ﬁmrf{fMAum%ﬁ%ﬁﬁrX@@ﬁﬁ

AR (2,8 R K 1, RikN
L=71—1, (1D

ﬁ$1f{w&AQ7ﬁﬁ {3 W A

F 2 (4, 10) W] 1, BY 35 58 17 77 0., 1) fa7 4 1
RN W
6,—(M,/I)® a2
BT 3 RO 5 o A G R A b S I )
Ry ) Ak v g 5 8 v e g o =2 L E
o=(M/I)y+(M,/L,) 13
KA AT M ] $e 5 B AL B A
FeHe 1RV S AT R BOR AR W) S R B w S
M=—FEILw" 58, 85 i X 14 M, Z14 figil
1o 9 A A TS, RREE A R R RS £ Y
oy G X 0 #EATIHE.

3 EAMAM AL EHAT

HE B G 9 B 7 iy 200 s i 3R AR T Y 5 )
AR 51 TE R ) 1 HAR SEAR ¥ 2 A i B AR L A
L 7 A AR TR G2 16 B g it e 37 % R0 RT M B 5 A
F10 T A B U0 AR TR A T AR 0 R A R 0 2 il BEE
FEE Wi D 6 25 g 5 SRR — A [
Xt T8 1(b) Bz B A6 8 Wi .l 76 A4 BE AT
o B Ak HE R — ANV T ol 22 7 O I T W A DU e
0 57 F1 Q, 51 A A BE L2 it BT 1 3ia (o) BT R

AN
Q. S, / 1
Q(s)——fL} {Sf—ﬂg[ ds ﬂglds} (14)

EUP&:ﬂwmﬁﬁEﬁﬁEwnﬂN%%%%

bRt REJR

MFH BE D) 01 1R AE W T 6 AR Bl B A, 2R RPN
B 1 (b)) v 8 W T #9100 A 0 33058 A b 4k
A, 25l B 3 T S o L R e R (14D
RO RS N IR

PATR AR | A4 il 85 7 3 11 5E S il T 2R A A
s B9 T 2 A IO A A O Ak, T X0 (14) AT 45

W9 =—(Q/1)S,=(Q/I)yts (15

Aoy, AR B W TH K CSF I O Bl 2 T AR T Y R
=

T A () T PN BY DT AR y(s) AT 3R IE A

79_u do _du_ 99 _ QI
y(s) = Pl M T (16)

A w Ao g3 50 S THOAR A 2 1) 37 8% 0N 1) 52 7%
G sy Ursi e, BE & 2% 73 1% 23 B BT 7 i 3L
o7 B 1 AR B E RN 90/ 9 2 AR /NI 2



%64 KU, . HHRETAWBRE AP sy L @ R XA R 869

= Q6 AN, AR DN IR L 5 wX) s 505 s
I R R

du/ds= (Q,y,/GL.)s an
X s B4y, A4S
u—uy = (Q,y./2Gl,) § (18)

X w RTHMR AL Cs AR RS B A5 A ) 2 1 37
.
EN ARy S oS T NG TE OR[N IV > AT
MR G T i) S 5 R R A3 A 1 TR B X R Al
IR AR 7R ] 45 31 [/ BE 2538 .
25 1430 R B s 7 B R RGBT
—y[1—2"/b 1+d oA
J—Mﬂ—wﬁbrmVMQuwhY+d Bk
uki\yi1—(th®](@/mf<%/x»+d JEE AR
d i B
19

AP &5 2 AE 1(h) FiR,

FE 2 (19) H, Xef 2 T A 11 598 T 437 % bR &K L 4 3L
550 8 7 WAE FEAE T B IE % RS AR 11588 i 437 7% bR
B0 e 5 W 587 5 B 55 0K F I 0 il BE S B E L
VETHBIE LAk Z 1 LA 4% A 44 24 488 i — A~ 4 250
dy 5 T BEE A 3 6 2

X ADRAX D, AT 1

d= z_i}\\[At+A((bé/b1 )Z_A]](bg/bl )2( yL/;y‘)Zj (20)

i A AR AL, A LALA, 2B A R TR
R VA Ak R AR P AR ) 4K T AR

(B R0 2 A SR SRR AT Oy R R AR
{18 Sy o A LT 66 T2 48T 0 =X (20) W7 i s
d=0, 7% B[R T b i) it Rz g 1 3 T A Bl g P
A% . Reissner fie 7] 36 F S/ 3R J5 2 114 BE 1= 28
Gy AT RS I B T s e BT e A R Y A
THT A A2 TG A2 i 1 Rt ko PR R O A E AT, AT I
SRR 7 7 0 el 1] P 2% R R L S AR L X T S R
Hh R 5 22 110 s B B ) R T A T a8 v 2 T R A
AR  ET 0 SA

AAA by /b)) = A,y /) 21

A AR TSR 7 A % el i S A 4 A B RT A 3 0
2.

WAL 1Ch) JIT 78 46 G 8T 14 BY 7 i 568 i 0% 1

AR AR 34 20 F

IfﬂMf+Am{%yr“%ﬂ+

e~

8 2 2
Ay[IgM<m/h>4—§wﬂ<@/@>+

8 2, 4 5
22)
I‘\'g - %yxg [AAr+Ac(b3/[71 )2+AAI)(I72/b1 )Z( y’/y\)Sj

(23)
4 FHIRSFRERELRKE
WE 1 PR AR ZAE B R A p() EH
A 2, R RE T Rk N
1 1
H=%J(ELwW+ELf”+fGAd”kh—Jpﬁu+ﬁdz
0 0
(24)
A
/\;:J‘ (awg/a’l)gdA:%[/\r( y\/bl )2+
A
A by /b)) Cy /b Ay Cy, /0, Cy /3 ) (by /0]
(25)
X ae R B O T — B AR ris L v 15
1 l
M}f[(ELw”fwﬁudz+J(ELJWLWHL&ftqﬁ&dz+
0 0

ELw'sw'|\—ElLw"dw| +ELf"sf ||+

(F GAf'—EL ") of (26)
FR A 5 /I A D B, R A Y — Y 7R 43 I

Z B0 ST =0, ] iy 20 (26) AT #4345 il S o3 7 A2
ElL.w"—p=0 27
ELf"—7 GAf"—p=0 (28)
AR, A 27) B 2CH Y A 5 3k e il B4y Oy
L2 (28) W Sk B i P il i oy R e TR h

f////_sz//:p/EIm (29)
A kN Reissner %, Bl
k=1/GA,/EL, (30)

FH R B A — B A8 4 ek 3R (26) ml a5 47 45
FERE w FBE i — < FHNL 4 P 40 31 B
H—ELw” R4 —ELw’, 1fi 555 F7 % 4% 5] &
AR B e f — MRS A PN T S B T S
F—ELS". 5:010) &5 552 2 M H 5 5 5 J7 A b
INBERE AL P9 ) CRTRR R 85 I3 T BT 91 oy

Q. =7TGA.f'—ELf" (31)



#29%

SR Al By W 2% T R (28) I R SR AR 1

X T E e f=0. =0

X T X f=0. =0

X T EHE . = 0.7 GAf —ELf"=0

MNP 1T R SR R 5% % 1) 3 A A 4
pC) = q I L B 7 W 443 D7 i (29) 38 i A
f=C+C2+Cshkz+Cichkz —(q/2EL k") &

(32)
A G~ C B4 B, 1T R P 7 3 1 17 S 30 R
S SE B JS T AR BRI B B B A S T
fﬁ;ﬁz(za H—chkzthkzlshkz} (33)

KA JE L BRSO T B S X A s
M, B 201 2) 75 8T w1 g .

Mz Rk P VER TR SAR 2R S AT
BRI R T P VR AR B A AT R
W BB AN BN as b, MITT SR PR IS A A
5 B BRI B B 0N 504 B R
P [kbz sh(kl—ka)

Y l shkl

“ELR| L shkz} (34

- _P tka,, . shka_ N
jQEL,,ks{l(l AN kz)} (35)

Xof T S A G A S AR A5 A, T AR S SR [15]
Hh IR S BT BRC 1 BEAT RO 20 B+ BB S AR 40 47 1
T3 77 T F) 3 e ) 35 BT T B KR, P i /N B
i B ST BT ) R O I

5 HESEH

A LB 5 A A TR S AR SRR T B BT IR 4o
P2 iR O Fe i rp e v R T AR 1 R X AR
PR, BB P=272. 2 N 5 Fhopl A i il A
R B 2(h) B TR 5 A B 0L SCHkL6.7 ],
B} SREAR 5 3000 MEa, AL R 0. 385,

!

I 400 I 400 I

(a) BEEERATEL
(a) Span and load
100 I 200 | 100
1 2 3456 7 8 |

7 4 1
3 ¥
hd

2 ia !
(b) REBIA R B s
(b) Cross section size and measuring point
B2 i SRR AR (B mm)
Fig. 2 Simply supported box girder model (unit: mm)
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Tab.1 Comparison of stresses in the simply
supported box girder model
e R LM /MPa HHAE /MPa
1 —0.2122 — 0. 2589
2 — 0. 2485 — 0. 2815
3 —0.3290 — 0. 3494
4 — — 0. 3813
5 — — 0. 3813
6 — 0. 3200 — 0. 3494
7 — 0. 2604 — 0. 2815
8 — 0. 2450 — 0. 2589
11 — 0.6796
12 0.5738 0. 5908
13 0. 3984 0.4015
14 0. 3888 0. 3384

R SCT7 i TR 0 5 v I A% I AR R g
SE I A SCHRC 10 ] R AR S E—IF I AR 1,
DA HE R e 1 T, 4 AR SO0 i S 2 2R
S SR SR B R

K325 il T RS h AP 4 P=272. 2 NAEHTR
AT TS DLk b i < BN SRR O
B AR SOE SCRY Y S ) SO S S R o0 A
e A AN IR L A 25 BT 0 BT T S R
EAR K (H s AR R

Kagaih Tish &P ma P=272. 2 N/EH
) A5 G S SOAR SO R 15 19 e 2 i 2k IR 4
AT RV AR SO B8 T i 8 1 T R R AR I e
JE B WK T A R e O 25 0 5 g i 3080
SRAFHIHERE L IX 2 vt T 57 7 s 2000 2 o A R 3 2 A
F1% THT PA R R ARG o DA T 0 S S 058 J3E K . 4 ) 4
ZRRLIR R A A S i HE 0. 1914 mm , B g 5 B
BERESN 0. 0234 mum, BY 3 il 8000 A B8 452 o 1) 8 2
IBEN 12,206 0] UL, B 3 R 2 0 R AR AR Y

DESE  TRE LBk P b AN BN
8_

B S Nm
BEL MR w e

0 100 200 300 400 500 600 700 800
YU AEAR z/mm
B3 A ST A R AR s R R B i T A A
Fig. 3 Generalized moment for shear lag in simply

supported box girder under concentrated load
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Study on warping displacement function and generalized internal

force in shear lag effect analysis of box girder

ZHANG Yuan-hai®, KANG Xi-dong, LIN Li-xia
(School of Civil Engineering,Lanzhou Jiaotong University, Lanzhou, Gansu 730070, China)

Abstract: Based on the flexural theory of thin-walled box girder,the curve of quadratic parabola is proved
to be the reasonable form of the warping displacement function in the shear lag effect analysis of a box
girder through investigating the in-plane shear deformation and the bending shear flow distribution in the
flanges. The additional deflection induced by shear lag effect is adopted as the generalized displacement.
The governing differential equations and the corresponding boundary conditions for shear lag effect of
box girder are established by the energy calculus of variations based on the principle of minimum poten-
tial energy. The new generalized internal force is defined rigorously,and a simple and convenient formula
of stress for shear lag warping is presented which has the same form as the bending stress of elementary
beam. A simply supported box girder model is analyzed and the calculated results are in good agreement
with the test results,validating the method and formula presented. The generalized moment for shear lag
differs from the bending moment in distribution and attenuates quickly. For the simply supported box
girder example under concentrated load, shear lag effect increases the mid-span deflection by 12 % , which

should be treated carefully in practice.

Key words: thin-walled box girder; shear lag effect; warping displacement function; generalized internal

force;additional deflection



