222 558 2 W) T P Wi 2% Vol.22 No.2
20054 4 A ENGINEERING MECHANICS April 2005

XE4RS: 1000-4750(2005)02-0096-08

ZRiBY. BAFRMEYIERE
W — iR L S R AR

TN, AR

(RIPFREFHMTIER, L 200092)

. AR Newmark B b N (L) ) 28 50 4341 R AR A7 7% 1504 it T e RN (2) 1 S0 42 JE AR B D) A%
JEI) Timoshenko #:BE, @ALT —/MEEHIEIEH . B 7RG MBTUI AR TR AN — e L A& 2B, IHES T
A A A N RN . 3Tl 4 ANFLBIIGAE T RCEREAT IR A IE R ERE I YE, R BoR T B R AR A
TERILEEE . ok, SBIERY], {EAARN =Y R st R ] Timoshenko Z2Ep 0ok 2% FEAN 4L B )AL JE
SEBBEMIRE.

XHRIA: W REELAG T T W BDRS. BIPIARTE

mESES: TU39S  CEkFRIGAD: A

A CLOSED-FORM SOLUTION FOR STEEL-CONCRETE COMPOSITE
BEAMS WITH SLIP, SHEAR LAG AND SHEAR DEFORMATION

"SUN Fei-fei , LI Guo-giang

(Department of Building Engineering, Tongji University, Shanghai 200092, China)

Abstract: A kinematical model is proposed for steel-concrete composite beams with slip in the steel
beam-concrete slab interface, shear lag in the concrete slab and shear deformation in the steel beam. A warping
shape function accounting for the non-uniform transverse distribution of longitudinal displacements in the
concrete slab and transverse shear deformation of the beam web are introduced into Newmark’s model. A
closed-form solution for the case of uniform loading is derived. The model and the solution are then validated by
means of four examples, showing the necessity of accounting for the shear deformation of composite beams. In
addition, it is found that significant errors result from employing Timoshenko beam elements for the steel beam
with shear deformation in 3D finite element modeling of a composite beam.

Key words: steel-concrete composite beam; closed-form solution; slip; shear lag; shear deformation

1 #hA SO Euler-Bernoulli A 5. B
AT 2, BUBTIE B PR I8 T L 2 — e i T £
F RS . MR B U A8 T S SO AR L )
RS AR 5 A, T Y Sy S RN s T
0 S A 14 B 1) T4 A 4 A T Al

B — TR ARE AL A R AN, AN TR R AR AN
PUBERAER TG X = ANLR A A2 ik
FErp 3 A FIRE BT VIR . i R —Fof
o U BT DA TEAR 2 K AN RER 2, XX FE R4

Wk H . 2003-05-16; &0 H I 2003-11-28
fEE A *9hKA971), Y5, VLR, YR, t, A5 TSR (E-mail: ffsun@tongji.edu.cn);
4:|H55(1963), i, LRUCAKRAN, #o%, L, S, WFL4H TEIR



5 RS AE < YYD Ja MY U)AR IR -k e AL S AR AT A 97

(B2 A AR Bl o FEARSCH, LA BT DA TR
TR G BT DA TR DTk o

MTAERE T, il Newmark %5 AM
P T — AN & — BT A AR R B AR
A AR o BN R R L MR AE 52 ) i R P R 2%
TREEHAl, TP BT I B H B o Aokl 45 0 ()4 il
T ok 26 7 o H 24N 2 FIR B+ BEBCR JH - Euler-
-Bernoulli fiE, ZugHBIYIARTE . & T H G2
RKNZ BRI T Newmark f2, /> fF22 3
ARV IR T R NIRRT R
G IR RFR IS TRIER > 2 IR A e A 8

T R v N A5 R RS A
Kt BY D1 5 RN — L 5T 51N T Newmark
R 4 GielsvikIM Hy T LLABLE T VAT B g
o RONE LA B 144 AL . Dezi 45 NP 21 &
BRARFNEY i Ja A T U — o B A 7 R
4, A WRZENERELRNER . ACE—1E
F I T 2% R WY RS M B g W i N F 2 B 4
TGo

{8 PR AT 5 R AN R BT D) AR T 152
ATy T &5 HK 3% W 20 3 PP T BE 4 A
FINRZE . A — AN % & . B8y
JE B YR T 2 G R, HE S AR 3N
(RFEATT A, I 3d Ik DU AN 541 56 G A SR 8 1) 1 A
PE, RIS 4L A R 0 = 4 R OT R TR

2 HEREBMET

AT G A RN AR LR . Wl 1 PR
SINEMAIR{O; X, Y, 2}, G Z AT A28
R 3E  BUE BB — B N AREh,  Hytn]
LA AR bR 1T YZ 5 B ARV 1 A

~We

h s%

Ws

&

L G 0 B D1 AR T8 AN % — A f i 407
Fig.1 The shear deformation of steel beam and beam-slab

interface slip
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Table 1 The mid-span deflections of the composite beam (m)
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Table 2 The midspan deflection of the steel beam
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Fig.9 The percentage of mid-span deflection contributed by

the shear deformation of the steel beam
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