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Theoretical model of double inverted T-shaped composite
beam considering shear deformation and interface slip

ZHANG Xiantong, CHEN Jianbing, LIU Cong, TIAN Zhuangyan

(School of Civil Engineering,Suzhou University of Science and Technology,215011 Suzhou , China)

Abstract ; In steel-concrete composite structures, due to the existence of certain interface slip and web
shear deformation, the assumption of flat section is no longer applicable. In order to scientifically study
the effects of shear deformation and interface slip on the deflection and interface slip of composite beams,
this paper adopts Goodman’s assumption and Timoshenko beam’s double generalized displacement assump-
tion, introduces the strain relationship of composite beams and element microsegment mechanical equilib-
rium, and derives the elastic bending differential equation of double inverted T-shaped steel-concrete com-

posite beams considering shear deformation and interface slip. Then based on the equivalent spring model
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and the equivalent rod spring model, a theoretical calculation formula for the elastic shear stiffness of the
embedded web connection is derived. By using the known deformation and constraint conditions of the
composite beam, we obtain the analytical solution of deflection and slip of the simply supported composite
beam under concentrated load in the span and verify it through the experimental results of four double in-
verted T-shaped steel-concrete composite beams with different parameters. The results show that the de-
flection and slip values obtained from theoretical calculations are in good agreement with the measured val-
ues, and the correctness of the theoretical calculation formula for the elastic shear stiffness of the embed-
ded web connection is verified. In the deflection deformation of double inverted T-shaped composite
beams, the deflection value caused by bending accounts for about 56% of the total deflection, the deflec-
tion value caused by interface slip accounts for about 36% of the total deflection, and the deflection value
caused by shear deformation accounts for about 8% of the total deflection. This article comprehensively
considers the effects of shear deformation and interface slip on the deflection and slip of composite beams,
and makes a significant improvement compared to the model structure that does not consider shear deform-
ation and interface slip.

Key words: double inverted T-shaped steel-concrete composite beam; shear deformation; elastic shear
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Fig.3 Equivalent spring model of embedded composite connector
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Tab.1 Detailed dimensions of WDSCB

%S B/mm ¢/mm  b/mm  b/mm  b/mm  d/mm

WDSCB-1 640 4 50 100 88 200
WDSCB-2 760 4 50 100 88 200
WDSCB-3 640 6 50 100 88 200
WDSCB-4 640 4 31 150 138 300

L,
L
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Fig.8 Dimensions of embedded double inverted T-shaped
steel concrete composite beam with web plate

P AR R 2R FH Q3458 AT R0, B0 32 1 Al

AR BN 4 mm F1 6 mm PIRDAUSE , 5%/ 1% H

HRB400,4 8 mm H1 12 mm BFP B 12, K4 BB

BHMIREE) (GB/T 228. 1—2010) 1L AE ) UK 4
PEATHLARES IR 4 Rk 2 Fios
R2 WMAFNEESH

Tab.2 Table of mechanical properties of steel

MR EBRRE) WIGRE o, FHORE o, MR E
B3 /mm /MPa /MPa /GPa
R 4 421.0 530.9 211.6

6 477.0 567.7 219.6
)] 8 527.6 649.8 227.2

12 434.9 610.4 191.6

MR IR EE 03 A BRI VAR fE) (GB
50081—2019) , I 15 21 ¥R BE £ 57 77 74 (%) 41 1% 58 B
for = 40.7 MPa AR¥EIREE T 25 THLIEY) (GB
50010—2010) , RS VE &t LR O PLRREE £, =
27.2 MPa iR%E LA £, = 3.28 x 10* MPa,

IR 173 SRR o7 =0, 5 m #os &
EIAnE 9 B, i g in 48 & an il 10 s,
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Fig.9 Test loading diagram
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Fig. 10  Specimen loading device
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Tab.3 Basic parameters of test beam

RS Ay /mm®  dy /mm [ /mm* K¢ K:

WDSCB-1 ~ 1829.4  142.5 9.692x107 3.13 1.4
WDSCB-2  1873.9  146.4 1.02x10®  2.28 1.4
WDSCB-3  2472.6  142.9 1.119x10®  3.05 1.4
WDSCB-4 1 830.1 142.5 9.692x107  3.13 1.4

A B S SEDN ) T 5 W R O S 0 3 4
NS
x4 RERESENERITNETEE
Tab.4 Calculation value of longitudinal shear stiffness

for composite joints of test beams

X4 k/(kN + mm~") K/(kN - mm~")
WDSCB-1 760.2 7.6
WDSCB-2 760.2 7.6
WDSCB-3 969. 8 9.7
WDSCB-4 942.3 6.5

2.3 REWIE

B IR IEARSHAC A (44 ) AT 1F WDSCB 5 H
T 52 4R Hfer 2 A B EE(EL, &l 11 R, o, P
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Fig. 11 Comparison of measured deflection and calculated deflection of WDSCB
&5 WDSCB EH#HEIREE
Tab.5 Deflection values of WDSCB mid-span section
IEN L s ME/KN BB o, /mm  WEBHEE 0, /mm BYRE o, /mm BHEEF o /mm (0,/0)/% (wy/®)/ %
WDSCB-1 0.2P, 2.41 1.46 0.20 4.06 59 36
0.4P, 4.82 2.91 0.39 8.13 59 36
0.6P, 7.24 4.37 0.59 12.19 59 36
WDSCB-2 0.2P, 2.27 1.44 0.14 3.84 59 37
0.4P, 4.54 2.87 0.28 7.69 59 37
0.6P, 6.81 4.31 0.42 11.53 59 37
WDSCB-3 0.2P, 2.47 1.56 0.20 4.23 58 37
0.4P, 4.95 3.11 0.40 8.46 58 37
0.6P, 7.42 4.67 0. 60 12.69 58 37
WDSCB-4 0.2P, 2.27 1.60 0.18 4.06 56 40
0.4P, 4.54 3.20 0.37 8.11 56 40
0.6P, 6.81 4.81 0.55 12.17 56 40
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Fig. 12 Comparison between measured and calculated values of sliding of WDSCB under peak load
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