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Virtual double-layerbeam element model of main beam of composite beam
cable-stayed bridge

CHEN Changsong, LU Fengyue, HUANG Gen, YAN Donghuang, SHE Qincong, XU Qiao

(School of Civil Engineering, Changsha University of Science and Technology, Changsha 410114, China)

Abstract; In order to accurately simulate the interaction between concrete deck slabs and steel girders of steel-
concrete cable-stayed bridges and the redistribution of internal forces between the two due to the shrinkage and
creep of concrete, according to the internal force distribution characteristics of the composite cross-section and the
concrete shrinkage and creep recursive algorithm, a new type of continuous composite girder virtual double-layer
beam element was developed. Then the new element was validated and analyzed by using three-span continuous
girders and the Chibi Yangtze River Highway Bridge project, with a comparative study conducted against the actual
double-layer element commonly used in engineering. The results show that the calculation results of the virtual
double-layer beam model are in good agreement with the measured data, and the number of elements can be
reduced by about 67% and the calculation speed can be improved by about 40% compared with the actual double-
layer model. The new element exhibits high computational accuracy while significantly reducing main girder
elements count. It realizes the continuous composition between the interface of steel girder and bridge deck,
accurately simulates the shrinkage and creep effects of concrete bridge deck, and also simulates the construction
process of steel girder and bridge deck in stages, which provides an improved steel-concrete composite beam
simulation method of high accuracy for the composite structure.
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Fig. 1 Section diagram of steel-concrete composite beams
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Fig.2 Force equilibrium of upper element (bridge deck) and lower element (steel girder)
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Fig.3  Solid end force increment generated by concrete creep shear increment at the combined interface
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Fig.4 Increment of solid end force due to shrinkage of the upper element (bridge deck slab)
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Fig.5 Flowchart of virtual double-layer beam model calculation
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Fig.6 Mesh diagram for continuous beam calculation
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Tab.1 Parameters of geometrical and material properties

55T MRS E/GPa A/m? I/m* y/m ¥/ m
W 0420q 210 0.786 352 1.250 628 1.832 353 1.392 647
TR C60 36 9. 490 000 0.053 460 0. 130 000 0. 130 000

i B Q420q 210 2.413 209 3.301 181 — —
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Tab.2  Comparison of calculation results of continuous beam model under distributed load
W LN T, RETGRS), MR EZN T BREAR RS/ GRS R/ M THIAR 5 5/
i
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JE/mm
P X JAE #rp A i SCHE P S B S i A
SLFRUZ G 9.0 -10.94 34.93 53.78 -84.02 -2.59 3.52 -1.69 1.89 25099.5 -46128.4 186.1 -336.0
BRAUZSE 8.9  -10.04 1496  53.53  -79.73 -2.60 3.87 -1.72 2.56 246539 -36718.6 180.7  —-269.1
B bt 8.9 -10.04  14.96 53.53 -79.73 -2.60 3.87 -1.72 2.56 24 653.9 -36718.6 180.7 -269.1
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Tab.3 Calculated results of virtual double-layer element model with different element lengths under distributed load
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143/ m J&/mm

P HE i O B I B I B I B HHE
6 102 -17.96 69.51 55.81 -91.03 -2.54 2.86 -1.43 0.74 28607.4 -62256.2 229.5  -436.4
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0.2 8.9  -10.00 17.30 53.50 -80.20 -2.60 3.80 -1.72 248 246M4.9 -37815 180.7 -276.7
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Fig.7 Difference between actual and virtual double-layer element models for different element lengths
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Tab.4 Calculation results of virtual double-layer element model with different element lengths under distributed load
- RiLE SR I VA S - SV VA v 1% W S 1Yl S AR/ Brimi s/
PLRIE BT WPa MPa MPa MPa (KN-m) (KN-m)
X153/ m B/ mm
s SR P SR 5 SCJEE st S 5 S 5 SR
6 9.5 -27.49 14.08 42.32 -94.72 -1.27 4.39 -0.75 3.53 27 069.4 -42194.4 106.8 -176.5
3 9.5 -27.46 14.95 42.32 -94.90 -1.28 4.36 -0.74 3.51 27 062.6 -42598.8 109.6 -175.5
2 9.5 -27.46 15.23 42.32 -94.97 -1.28 4.35 -0.74  3.50 27061.3 -42732.6 110.1 -175.6
1 9.5 -27.46 15.51 42,32 -95.03 -1.28 4.35 -0.74 3.49 27060.6 -42865.8 110.4 -175.9
0.5 9.5 -27.46 15.65 42,32 -95.06 -1.28 4.34 -0.74 3.49 27 060.4 -42932.2 110.5 —-176.1
0.2 9.5 -27.46 15.74 42.32 -95.07 -1.28 4.34 -0.74 3.48 27060.3 -42970.9 110.5 -176.3
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Fig.8 Difference plots of virtual double-layer beam element models with different element lengths
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Tab.5 Calculated results of actual double-layer beam model with different element lengths under distributed load
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Fig.9 Difference between the actual double-layer beam element and the virtual double-layer beam element calculation results for

different element lengths
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Fig. 10  Layout of Chibi Bridge
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Fig. 14 Stresses on the upper edge of steel girder at bridge completed state 2
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Fig. 18 Displacement difference between two bridge states
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Fig. 19 Difference in stresses at the upper edge of steel girder in two states of bridge formation
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Fig.20 Difference in stresses at the lower edge of the steel girder in two states of bridge formation
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Fig.21 Difference in stresses at the upper edge of the deck slab for two states of bridge formation
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Fig.22 Difference in stresses at the lower edge of the deck slab for two states of bridge formation
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