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Parametric Analysis of Composite Slab with Steel Bar Trusses at Construction Stages
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Abstract: To clarify the structural behavior of composite slab with steel bar trusses at key construction stages
including hoisting and concrete post-pouring, a composite beam bridge with a main span of 60 m in Georgia’s
E60 Highway was investigated. A finite element model was developed by using ABAQUS to simulate the
construction process and analyze the influence of parameters such as prefabricated bottom slab material,
number of hoisting points, slab thickness, and number of steel bar trusses on the principal stress of concrete and
mid-span deflection. The results indicate that ultra-high-performance concrete (UHPC) prefabricated bottom
slabs prevent plastic damage and enhance slab stiffness. Normal concrete (NC) prefabricated bottom slabs
should set six or more hoisting points, while UHPC prefabricated bottom slabs require only four hoisting
points. Increasing slab thickness can raise the concrete’ s maximum principal stress at the hoisting stage, but it
has a negligible impact at the concrete post-pouring stage. Increasing the number of steel bar trusses in the
prefabricated bottom slabs can reduce the concrete’ s maximum principal stress at the hoisting stage, and both
the concrete’ s maximum principal stress and mid-span deflection decrease at the concrete post-pouring stage
with the increase in the number of steel bar trusses. These research findings may provide a reference for the
hoisting and concrete post-pouring of composite slabs with steel bar trusses and support the actual application
of UHPC-NC composite slabs.
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Figure 1 Comparison between secondary stress laminated

slabs and cast-in-place slabs at construction stage
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Figure 2 General layout of steel-concrete composite

continuous beam bridge (unit: mm)
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Figure 3 Structure of composite slab with steel bar

truss (unit:mm)
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Figure 4 Finite element model of composite slab with

steel bar truss
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Figure 5 UHPC tensile and compressive constitutive model
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Table 2 Parameters of composite slab with steel bar

truss at construction stage
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Figure 6 Construction stage working condition(unit:mm)
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Table 3 Concrete and reinforcement stress of prefabricated
bottom slab with different numbers of

hoisting points at hoisting stage
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Figure 7 Principal stress distribution of prefabricated
bottom slab (C30/37) with different numbers of
hoisting points(unit: MPa)
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Figure 8 Principal stress distribution of prefabricated bottom

slab (UHPC) with four hoisting points(unit: MPa)
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Table 4 Concrete and reinforcement stress of
prefabricated bottom slab with different

thicknesses at hoisting stage
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Figure 9 Principal stress distribution of prefabricated
bottom slab (C30/37) with different thicknesses
at hoisting stage(unit: MPa)
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Table 5 Concrete and reinforcement stress of prefabricated

bottom slab with different numbers of

steel bar truss at hoisting stage
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Figure 10 Principal stress distribution of prefabricated
bottom slab (C30/37) with different numbers of

steel bar truss at hoisting stage (unit: MPa)
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Table 6 Calculation results of prefabricated bottom slabs

(8)

with different thicknesses at concrete post-pouring stage
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C30/37 2.28 2.33 6.56 5.09 4.21
60 C50 2.64 2.67 6.82 5.19 4.12
UHPC  9.00 3.87 8.18 5.65 3.95
C30/37 2.28 2.33 6.67 5.33 3.98
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C30/37 2.28 2.33 6.69 5.68 3.88
80 C50 2.64 2.67 6.93 5.88 3.77
UHPC  9.00 3.85 8.17 6.78 3.51
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WAEC BB MPa  MPa  MPa  EIL/(Nem?) //mm
C30/37 2.28 2.64 20.14 1.40 9.38
0 C50 2.64 2.90 20.13 1.50 9.33
UHPC  9.00 6.09 20.65 2.05 8.47
C30/37  2.28 2.31 11.07 2.77 7.16
2 C50 2.64 3.25 11.41 2.89 7.01
UHPC  9.00 5.37 13.10 3.45 6.31
C30/37 2.28 2.36 8.14 4.08 5.15
4 C50 2.64 2.75 8.45 4.20 4.99
UHPC  9.00 4.54 9.99 4.79 4.67
C30/37 2.28 2.33 6.67 5.33 3.98
6 C50 2.64 2.67 6.91 5.47 3.88
UHPC  9.00 3.81 8.23 6.13 3.69
S, Max. Principal
CE¥:75%)
2.62
2.31
1.99
1.67 Max 2.33
1. 36
1.04
0.72
. -
-0. 60
.
Max: 2. 64 Max: 2. 31 Max: 2. 36
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Bl 14 7[5 5 5 M7 22 4R BT R AR (C30/37)
A5 (A7 MPa)
Figure 14 Principal stress distribution of prefabricated
bottom slab (C30/37) with different numbers

of steel bar truss(unit: MPa)
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Figure 15 Variation of and deflection for different numbers

of steel bar truss at concrete post-pouring stage
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