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An analytical construction method of wraping displacement function of shear lag

XIAO Jun', LI Xiaozhen', LIU Dejun', LIU Chenguang”, XIAO Lin'

(1.School of Civil Engineering, Southwest Jiaotong University, Chengdu 610031, China;
2.Sichuan College of Architectural Technology, Deyang 618000, Sichuan, China)

Abstract: An analytical solution method was proposed to solve the problem of shear lag. A new shear lag warping
function for the shear distribution of different cosine was constructed based on the solution of the governing
equations. The trigonometric series were used to expand the shear distribution function under any given external
loads, and the normal stress corresponding to each shear component was obtained separately. Finally, the
superposition of normal stress was obtained and the distributions of shear lag were calculated. The energy variation
method was used to derive the solution formulas based on the arbitrary warping displacement functions of shear lag
effect, and a general solution procedure was developed. A rectangular simply supported box beam without cantilever
plate under concentrated load and a box beam with cantilever plate under distributed load were analyzed. The
calculation results show that the solution method proposed in this study could adapt well with different types of loads
compared with the existing methods, and it could be effectively used for shear lag analysis of box beams subjected to
arbitrary loads.

Keywords : shear lag effect; displacement function; analytical solution; energy variation method ; series expansion

TERJHRE IR AL SR BRI TAR R BY I e, 2 O RO S B0 7 ob A2 5 B i g 1 5 e

BT 5T S AR AR E BT iR 37 7% R EOE A Sl 1
HNT PO T BRI K 19, Reissner HWI0F 5046
TE XU B e 4 5 g i ) i A1 5 i e it 6 7%
PRECRH AR Sk [ 2-5 ] 4R =
A2k ORI 2R | AR RS IR AB 455, R
AN TR) B B ik R L A% R KSR AT B 3 A, A
FEUNR A0 R, 1) ol T SR T A J3 vk S 45
o377 REI ATSOR AR AT P A A AR O TS
B b H B 3 8ON B A A A B PR AL S
TR O R AR T i 25, D0 8 T v A Al A7 o o 8 e 1

KB 2016-02-17

E£WH. HRARFAES (51308467)

EB®N: 8 4(1987—) B H-LII5E A,
BN (1970—) 55 382, T A W

BIEEE . X% djliu@ switu.edu.cn

2) H T fol o3 75 AR 0 s ST R T AR B 7 R
1A% PR , FL A RS 2 I A 3t 52 5 3t e il o )
AU

BEXT BRSNSy ) R, SCRK [ 7 ] e aed 5| Al 77 -
it 25 AP SRR PP Al R O R 5 i 2R A Y
Tk J3 520 . SCHRL 6 ] 3 A X A 0 1] S 5% R
T £ AE A Hh 3 R4 Av £ 8 T F9 BR o 1
TI AT 34T 25 SR 3R WA, BNk i R g ARG DN,
X 2 T i (A% pR BCHEA T 2 B A 12 1R
e BT WY

B0 T i R 5 A% o KR 1 BRI AL, LA SR
AR IERS B IR FE , R 2 e A T ELAA i 5 i
ARHH R BOT RE Y. SR, B 7 i ) 70 A ML 8 25
S22 PR 3 A I 53 A By 284 R X0 7



53

H 25, S5 — POy R LR R AT R i T - 163 -

A S B ARTR A 0, BRI (8% R R
AR IR, ELai R A [ B9 T2 2020 ok 4
RV b, AR S 3 % SR AR 43125 2 5 i 5
T A o 75 R S0 A, B0 D A A (4 T X
WA T —FR BTy A o M vk, i SR
FEARER B A4 Py 280 1 T BT i R AR L, K
il 3 GO R AE AT for AR T BB A FROT AT 4
SRR L I T ASSCHE R AT 12 1) 5 B

1 373 0 i R R

ARG SR SR B g TR B A 2 B R il 2
PRECAY IR Xof T B AEIE XU X PR A Sk T 5, 7
TR AR S EEAR R A1 B0 T, 5 S B 7 35 R0, A 3 2%
Bt 1] BTU) A8 o HAT DO BRI TR, A& IE
1 AL 4R T e it 2 8% eR RSO T AN B Y
FEARETY J1 i o3 B2 oK Y. SR, X T
A ARAIRIRM S, b T B R X ARPER B (A5 A
P PER S O A E S, SCER[12-13] 51 ALS
W LATZH0A SC B 1IE R B, 20 BRI T R ARCR
S AR A T R i 0L F% pR KL, TR ST BRE Ik 1 32 7%
K7 pE i T AU O A A T R r g
LAUER

SCHR[ 14 ) 2 5 185 1) 257 o 28008 T A 22 i
BT 3 AT AR, 58 SC T —Rh AT 5 A R A LR
SIS R 4 5T J7 e i 02 3% R A, B IE T 4 &
T AR T2 A 9 i 05 8% pR KR 1B 1E IS ) BT 0 5%

afr-3). (B0
bl bz - } A2
fy,2) = _Z"{l _(Jr[)}y)}A’ (BE) 5
y3 Z A
Z( ‘zfj“ (R
0 (B4R

K, Zo 2, Ay 5 TR R rfCs BE Akl e i e
by by by SR TR (AN B &R 41 ) S8 B A T
JE BRMTERE ) 1/2; Ay/A, h B AR 55 o8 ) TR 1f
FUREUAE ; A, A, 53518 THOARCRES AR B TR 5y A B
B AR, 2 SR AR ] A .

B SEAS [F) B9 B 9 157 B8 R BONT BT s oK A
SERAFZm , LLSCER[ 15 ] vh a2 S 9], 23 ) 45
HH AN () B a8 568 157 B R R A) o0 Bir 4 2R 5 S
(X L. R TR S R EE A 0.8 m, SR 4R H fa 48 %
R bt 0 e %5 A fr 2505 0.272 2 kN, BOK
A E =3 000 MPa, JA#A b 0.385 A Ho i 14 1o AR

BB R0 AR P L e B AR RS S g A
BABIE 1 s,
o 96 08 96 96 08 96
o‘ Ig % g T ﬁ 5 é LI l
© , 20.8 ;
(=] I 1
E1 AR ERTRUEHE (o)

Fig.1 ~ Sketch map of the section size and measuring point
layout of the test beam (cm)
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Fig.2  Comparison of the shear lag analysis results under
different displacement functions
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Fig.3  Shear force distribution diagram of the simple supported
beam bridge
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Tab.1 ~ Comparison of shear lag coefficient at the critical
locations under concentrated load
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