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Study on Flexural Behavior of Wet Joints of Prefabricated Steel-UHPC
Composite Bridge Deck

LIAO Wancheng, ZHAO Hua', AN Jiahe

(Key Laboratory for Wind and Bridge Engineering of Hunan Province, School of Civil Engineering, Hunan University, Changsha, Hunan 410082, China)

Abstract: Prefabricated steel-UHPC composite bridge deck is a new deck structure system that places the
longitudinal rib at the upper layer and forms PBL shear connectors. This structure can be prefabricated in the
factory and assembled on-site. The adjacent steel beams are integrated by welding, and the cast in-situ UHPC
wet joints connect the adjacent UHPC bridge decks. However, these wet joints represent the structure's
vulnerable segments but with little research. To this end, a full-scale model test has been conducted to study the
flexural behavior of the wet joints in a steel-UHPC composite bridge deck in a practical project. The Abaqus
finite element model was established and verified based on the test results. With experimental validation, the
parameters analysis of the finite element model, including the wet-joint simulation method, steel panel
thickness, UHPC thickness, and inclination angle of the dovetail tenon, were analyzed. In comparing the
stiffness calculation equation within the American Society of Civil Engineers (ASCE) , Building Code
Requirements for Structural Concrete (ACI), and the Chinese Code GB 50010—2010, it is discerned that the
calculated values in the Chinese code are closer to the test values. Based on the flexural stiffness calculation
equation for ordinary reinforced concrete beams, the corresponding parameters are modified according to the

test data, and the theoretical results are verified with the finite element results. The results show that the wet
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joints of the steel-UHPC composite bridge deck have excellent ductility and stiffness. Using friction behavior to

simulate a wet joint interface has low calculation costs and well-agreed results. Increasing the thickness of the

steel panel or UHPC can effectively enhance the stiffness and bearing capacity of the structure. In contrast, the

impact of the inclination angle of the dovetail tenon on the structure's stiffness and bearing capacity is minimal.

After parameter modification, the modified calculation equation of flexural stiffness can more accurately

predict the mid-span deflection compared with the results by ordinary concrete specification.

Keywords: steel-UHPC composite bridge deck; wet joint; finite element model; full-scale tests; flexural behavior
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Figure 1 Configuration of the specimen (unit: mm)
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Figure 3 Layout of strain sensor positions(unit: mm)
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Table 1 UHPC mixture proportion

TR AR/ % K/% S/ % MLFHE/ %

84.5 6.6 1.6 7.3

R2 MEERE

Table 2 Material performance

WERAR  PUEMRE/MPa PUBLERE/MPa  SPERE /MPa
T A 154.0 7.3 45 800
4k 158.4 7.6 46 100
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Figure 4 Load-displacement curve at bottom of midspan
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Table 3 UHPC nominal tensile stress and crack

width of wet joint section

ZUGEGE R /mm & X 1 /MPa | 285558 /mm 4 XV 1 /MPa

0.05 5.8 0.15 19.5

0.10 14.1 0.20 23.4
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bottom of midspan
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Figure 8 Finite element model
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Figure 9 Midspan load-displacement curves of the

finite element model
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Table 4 Comparison of midspan displacement

calculation results with test results
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Figure 11 The strain variety of UHPC at top of midspan
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Table 5 Comparison of calculation results of midspan displacement
0.5M, 0.6 M, 0.7M,
iH NSRS R TT5E AT CRATTHE ARSCTr R TT5E
B N R N V73 g 5, 805, 8, 8, 8, 8, 8, 8,
SN 41.88 3996 0.95 4635 1.11 51.23 4877 095 5641 1.10 5824 5499 094 63.52 1.09
BIHJE 10 mm 44.27 43.04 097 50.60 1.14 5195 5049 097 5924 1.14 6345 61.54 097 72.05 1.14
BIHE 12 mm 46.15 4533 0.98 5386 1.17 55.73 54.66 098 6481 1.16 6530 63.88 098 7564 1.16
UHPCJZ 180 mm  32.73 3234 099 37.13 1.13 40.39 39.97 0.99 4573 1.13 48.04 47.47 0.99 5420 1.13
UHPCJZ250 mm  21.14 21.02 0.99 23.73 1.12 26.87 26.82 1.00 30.12 1.12 30.69 30.60 1.00 3429 1.12
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