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Abstract: A novel undulating steel-UHPC composite bridge deck system was proposed, and its flexural performance was
comprehensively investigated to provide a foundation for future studies on fatigue behavior. Full-scale model tests
were conducted under three sets of positive bending moments to examine failure modes, load-bearing capacities, and
the evolution of key mechanical parameters, such as interlayer slip between steel and UHPC, under varying shear
span lengths. Based on the experimental results, a finite element model incorporating the nonlinear properties of
UHPC and the interlayer contact behavior between steel and UHPC was developed. This model was applied to

analyze the influence of critical design parameters on the performance of the composite deck system. Furthermore, a
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theoretical model grounded in plasticity theory was established to predict the ultimate load-bearing capacity of the

system. The findings revealed that the failure mode of the composite deck system under positive bending moments is

bending failure. Both the load-bearing and deformation capacities increase as the shear span length decreases. The

finite element model accurately captured the structural behavior and proved effective in investigating the effects of

design parameters. Key factors influencing structural performance include shear span length, undulating steel height,

and the number of shear connectors. The theoretical model provided reliable predictions of ultimate load-bearing

capacity, offering a solid basis for the design and application of the novel composite bridge deck system in engineering

practice.
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Fig.1 Novel composite bridge decks and position of specimens in bridge decks
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Fig.2 Main dimensions of specimens (unit: mm)
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Fig. 3 Main dimensions of composite dowels (unit: mm)
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Table 3 Main test results of specimens

KA %5 P,/kN M,/(kN+m) d,/mm S,/mm P,/kN M,/(kN-m) 8./ mm S,/mm
MT-1 364.0 273.0 17.0 0.078 641.5 481.1 57.1 0.415
MT-2 780.8 292.8 26.7 0.335 1367.7 478.7 82.0 1.511
MT-3 1156.8 289.2 29.8 0.491 1924.7 481.0 92.9 2.561
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Table 4 Regression parameters of load-slip curves
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Fig. 14 Results of finite element analysis
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Fig. 15 Comparison between test results and finite element analysis results
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Fig. 16 Calculation results of models with different shear span lengths
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Fig. 18 Calculation results of models with different UHPC structural layer thicknesses
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Fig. 19 Calculation results of models with different undulating steel heights
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Fig. 21 Calculation results of models with different quantity of composite dowels
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Fig. 22 Theoretical model of ultimate bearing capacity
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Table 5 Comparison between theoretical results and finite element calculation results

BA%S  L/mm  A/mm  A/mm  d/mm  P,m/KN M,/ (KNem) M, /(KN m) (M, ym— My ) /My, o/ %6
FEL-1.50 100 45 100 0 635 476.3 464.3 2.5
FEL-1.00 1 000 45 100 0 893 446.5 464.3 —4.0
FEL-0.75 750 45 100 0 1247 467.6 464.3 0.7
FEL-0.60 600 45 100 0 1548 464.4 464.3 0
FEL-0.50 500 45 100 0 1871 457.7 464.3 —1.4
FEC-45 750 45 100 0 1247 467.6 464.3 0.7
FEC-50 750 50 100 0 1 300 487.5 496.5 —1.8
FEC-55 750 55 100 0 1350 506.3 528.6 —4.4
FEC-60 750 60 100 0 1435 538.1 560.8 —4.2
FEP-80 750 45 80 0 1120 420.0 395.1 5.9
FEP-100 750 45 100 0 1247 467.6 465.1 0.5
FEP-120 750 45 120 0 1410 528.8 544.5 —3.0
FEP-140 750 45 140 0 1580 592.5 632.5 —6.8

FES-0 750 45 100 0 1247 467.6 464.3 0.7
FES-100 750 45 100 100 1153 432.4 464.3 —7.4
FES-120 750 45 100 200 1012 379.5 464.3 —22.3
FES-140 750 45 100 300 659 247.1 464.3 —87.9
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