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Abstract:
layouts of welding stud on the shrinkage of steel-ultra-high

In order to explore the influence of different

performance concrete (UHPC) composite bridge slabs, a full-
scale segmental composite bridge slab shrinkage monitoring
test with a welding stud spacing of 200 mm and 300 mm under
normal temperature curing conditions was conducted. Finite
element analysis software was used to simulate the shrinkage
of the test model. based on which, the parametric analysis of
the shrinkage of the composite bridge deck at different
welding stud spacing was performed. The test monitoring
results show that the initial setting time of UHPC in the test
is about 17 hours. The UHPC shrinkage in the edge area of the
steel-UHPC composite bridge deck is larger than that in the
central area. The maximum shrinkage in the first 72 hours is
about 450x10°. When the stud spacing increases from 200
mm to 300 mm, the UHPC is weakened by the overall
restraint, the restraint effect of the steel plate decreases, and
the maximum compressive strain is reduced by about 51.6 %.
The restraint effect of the reinforcing steel is strengthened,
and the maximum compressive strain value increases by
about 42.9 %. The finite element analysis shows that the strain
difference at the interface between UHPC and the end of the
steel plate increases by 20.9 %, and the shear stress of the
welding stud at the maximum slippage increases by 64.7 %.
The parametric analysis shows that when the stud spacing
increases from 100 mm to 400 mm, the UHPC tensile stress
in the mid-span decreases by 3.7 %. The compressive stress
of the steel plate in the mid-span decreases by 17.8 %, and the
compressive stress of the steel bar increases by 86.3 %. The
above results show that the increase of the welding stud
spacing weakens the combined effect between steel and
UHPC, and at the same time causes the distribution of the
secondary internal force of the structure. The secondary
internal force between UHPC and the steel structure
decreases, the restraining effect of the steel bars increases,
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and the compressive stress increases. Properly increasing the
stud spacing can reduce the UHPC tensile stress and the
secondary internal force of the steel structure caused by
shrinkage, but it is necessary to pay attention to the
weakening of the combined effect on the mechanical

properties.

Key words: bridge engineering; steel-ultra-high
performance concrete composite bridge deck; stud spacing;
shrinkage monitoring; finite element simulation; parametric

analysis
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Fig.1 Schematic diagram of specimens (unit: mm)
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Fig. 2 Uniaxial tensile stress-strain curve of 28 d old
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Tab. 1 Material property test results of UHPC

S/ d MFATUER  MOTUERE/ O WHEER/ HiTRE/  wSEbeR WA/ BRVhER  RBRHTHIN
J/MPa MPa GPa MPa £ /MPa 10°° & /MPa A5/107°
7 100. 8 94. 1 57.0 21.2 8.3 174 9.7 2650
28 127.4 109.0 47.9 25.3 8.5 190 11.0 3200
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Tab.2 Material property test results of rebar and
steel plates

. WEEASN JENRE/ WIRRE/ R/

MMRE/mm  MPa MPa GPa

W 16 480 639 209
11 455 607 227

LS 12 411 547 214
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Fig. 3 Schematic diagram of layout of specimen strain gauges (unit: mm)
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Fig. 4 Schematic diagram of boundary layout of combined bridge deck (unit: mm)
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Tab. 3 Statistics of UHPC strain monitoring results of H200 and H300 specimens
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Fig. 7 Strain monitoring results of UHPC
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Fig. 9 Monitoring results of steel structure strain
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Tab. 4 Comparison of finite element calculation

values and test values of various types of

measuring points

SRR S8 Bl H2003M  H3003R4
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Fig. 14 Comparison of calculation results of steel deck stress
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Tab.5 Statistics of mid-span shrinkage of composite

bridge deck at different welding nail spacing
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HS100  —127.00 9.46 —30.75 —26.72

HS200  —154.11 9.39 —29.28 —31.38

HS300  —198.80 9.21 —27.58 —39.23

HS400  —234.45 9.11 —25.28 —49.78
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