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Tab. 1 Section properties of composite beams

R H = YU B i L.i/mm h,/mm d./mm b./mm e/ MPa
PSCB2-1 1.00 4 000 300 120 1 000 39.7
PSCB2-2 0.75 4 000 300 120 1 000 42.3

HIE B AT IEAE T ik PSCB2-1, PSCB2-2 1 7 25 i [X 114 25 Hh fif 28 - 18 )& 1l £ 114 52 0



el BUMP A . 45 F0 0 FEIS M-I 21 A B I e R A0 0 U T A 2 O i 239

ANSCH TS X A 5 s, dy 5 AT B 2% s AR (E -5 S0 DN (L pth e A SLE B BEAH W & L BT DDA
T R XUEE A I W B 78 T Bt iy 268 1 98 o it A 75 B 0, 55 O 25 R 0 U0 1 R AN A B 4 B B ABAH 1L L 22
(B R JE R AR 20 & R s I VR AR T K JE B B

700 700 - N
B BYYERSAUN RSN
600 |- 600
A EYRARS R B YRBRS RN
500 ;&«D"J{ﬁ 500
400 - 1 400 - N 5y
g [ g K/ S
300 = 300
200 iy 200
V.,
1001 4" 100 -
0 _/ | | | | J 0  u | | | | | | J
0 10 20 30 40 50 0 5 10 15 20 25 30 35
w/mm w/mm
(a) PSCB2-1 (b) PSCB2-2

5 il 0 - v B8 B I e 0 L
Fig. 5 Load-mid-span deflection curves
T B IR 2H A TR 00 R DX R B AN Y D) AR SR AR R BER 28 S IR 1  ZE R R IR B R 230
ki fF PSCB2-1 5 PSCB2-2 114 52 5 I AH X ¥ # (BT 42 5 K i 742 70 2 B T H 30 5 i {8 22 1) 45 2R
W 6 iR,

—+—093Pu N 50T » —— 093Pu
6f ——083Pu e )i S0 T s
. ao0b
sl —+—072Pu —t— 074Pu
A A D+
g 4l —+—0.38Pu = 0630
E
& 0.28Pu e 0.47Pu
4~ 093Pu —4—  093Pu
M= u— .0.83Pu —a— 085Pu
’ et T
=4~ B ~+ il
e e . = R n . L
—a— 038Pu = ,— 065Pu
—2500 -1500 —500 500 1500 2500 ;s -2500 -1500 —500 500 1500 2500  HEE{E
L/mm L/mm
(a) PSCB2-1 (b) PSCB2-2

&6 A -3 B O3 A il 2 X L
Fig. 6 Load-slip distribution curves
H [ 6 AT . M RS T R AR LS T G R A A B S S E S S I e AE SR AR TR B BL (2
e B AT 2 A 70 200 Fh A PR 3K e o B SR — 3. WS BB A ME At B AE N S L T R B S A R R
Bl TG 3 S AR AR N s B b & AR N AR A, PSCB2-1 b 32— A H B 453 o5 0 45 38 JAL 1 BB BEL 7 0/
THEAH 5 S A — 2 B 25 (E e it — 000 il 2 4005 PR AT o 5 AS 52 e 1 551 ol 2 1% e P 4 A e 3
M Z  PSCB2-1,PSCB2-2 HARUF By vk 3 A 158 8 P VRS

4+ i

D) #5aaR o sE s UM A TR BE 1 4 & B2 2 il o B8 A I 5T DI R MU i S T 4L A R T RO
B LA SCALAS BHLIE 1 RE 8 A2 70 S B g Bl o A5 RE 5 T R BE A g - 5 P A 03 5 b AR 0 A 49 5
TE 114 97 % LA 5 2% 1 25 j A B i At 21 G 02 A2 ) TR R Al L TOUASR o o A R A MR A 1) 25 ) A% E
T TR R 2 T A ) B U A 5 SRR o AR 2 G BT AR i o AR AR A R /N EVRE D O 1Y
AR, I8 2o A A5 B RE AR 0 O AR L i B 2R A A5 B0 AR Bl oy T R AN — B il R Gl T
it 5 Ja s 0 — i 3500 T R AR I3 P UK UK 7 i Sk 2 1 A i O s ) 2% 1R AR B 2 R a2 BN B
BEHREE 7 RE. BLAh G0 T B DI AS TE %S B0 B BE 00 48 TE T SR A BN AR M (o) I RS RS o (o) A



240 R R (A R B 2E O 2016 4

H5 Ey Iy BAE . PR AERIE T30 2 U A5 21 SR 0 76 M BT DDA JE 22 W 35 0 R 4H 6 R B8 2 I 254

2) I AN R0 59 3 4 B2 BRI TR T v E 5 S (R A 1 A . T R I AR B Be (2 O R R A R Y
7096 + 5 e B (L i 2R A R B S ST I AR TS ot 2k 5 S N LU OR R B . R E T R
TR IE L o238 1o SRS U AT TR BE L A1 R 2 S A HLEE.

S % k-

(1] BEmp . JHmevk. &8 5r s A IR 8 LA & 2 vk A RoT o [T ], B K24 CA R B0 , 2015, 36 (4)
455-456.

(2] SEWEAR B0 4. WA -TRBE + 41 & P IT Pk AR AR O 5E L) ). BF R 8, 2007(6) 1 13-16.

(3] =Rl SEmb i, 40 . 55, 40 R AR IR 8E LA ARSI ] T R 2 M B AR MO . 2015, 40(2):
303-305.

(4] Shfdeg, g . QUSR5 R B0 M4 & Bk /A [J]. TR J12£,2005,22(3) . 177-182.

[5] SCHNABL S,SAJE M, TURK G. Analytical solution of two-layer beam taking into account interlayer slip and shear
deformation[J]. Journal of Structural Engineering,2007,133(6) ;:886-894.

[6] PAOLO F. Analytical solution of two-layer beam taking into account nonlinear interlayer slip[ J]. Journal of Engi-
neering Mechanics,2009,135(10) :1129-1146.

(7] JHBME. 2558 2FH. WS 406 RIS 5K L] KL REFFRCAARBFMD .2013,33(1)

40-43.
(81 BUE:ME . J v 3°. 25 i o U) 0 JL T 38 A% 1) B0 - TR 5 b 2 R 0 M iR LT ] I RS2 2 3R CA SR BR 22 D L 2012, 43
(11):34-37.

[9] XU Ronggiao, WANG Guannan. Variational principle of partial-interaction composite beams using Timoshenko's
beam theory[ J]. International Journal of Mechanical Sciences,2012(60) :72-83.
C10] I [al. 85 048 T8 4 I UM IR AR 20 &5 46 B 38 B s ma i 58 [ D, V5 %2 K% K 2% ,2010:31-39.

Energy Variational Method to Analyze Concrete-Partial-Filled
Steel Box Composite Beam Considering Shear
Deformation and Slip Effect

MO Shixu'*, XU Haining'

(1. Guangxi Key Laboratory of Rock-Soil Mechanic and Engineering, Guilin 541004, China;
2. College of Civil Engineering and Architecture, Guilin University of Technology, Guilin 541004, China)

Abstract: In order to study the influence of slip and shear deformation to the deformation of concrete-partial-filled steel
box composite beams, the differential equations and boundary conditions are established. Based on the generalized dis-
placement theory and energy variational principle of Timoshenk beam, the model and the assumption of the composite
beam variational calculation are presented. The combined elastic analytical solutions of the differential equations, deflec-
tion and additional moment of the negative moment region of the simple supported composite box girder with double de-
formation modes are derived by the minimum potential energy principle. Compared with the measured values and theoreti-
cal formulas of two composite beams with different shear connection degrees, it's shown that the deflection and slip calcu-
lated by the variational method in the elastic stage agree with the measured values, which proves the validity of the theo-
retical formula.

Keywords: concrete-partial-filled steel box composite beam; negative moment region; energy variational method; slip de-

formation; shear deformation
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