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Abstract: Four single-stud and two grouped-stud fatigue
push-out tests were conducted. The fatigue test results of
studs were compared with the stud fatigue S-N curve in
domestic and international codes, and the finite element
analysis based on material plastic damage model was
done. It is shown that: the stud root fracture and local
UHPC crush around the stud root are the main failure
mode; compared with single-stud specimen, the fatigue
life of grouped-stud specimen is reduced by 26.9%, and
the shear stiffness of grouped-stud specimen degrades
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more rapidly during cyclic loading; particularly, the stud
shear stiffness ratio decreases to 16% when loading cycles
reach 12.0% of fatigue life; the AASHTO based evaluation
has the largest safety redundancy among the codes while
the JSCE based evaluation is closest to the test results but
with a low level of safety redundancy. In addition, the
finite element analysis results show that the maximum
cyclic strain amplitude at stud root obtained from grouped-
stud model is larger than that obtained from single-stud
model, and the plastic accumulation damage of UHPC
around stud root in grouped-stud model is severer than

that in single-stud model.

Key words: steel-ultra-high performance concrete (UHPC)
composite bridge deck; short stud; grouped-stud; fatigue

performance; push-out test; finite element analysis (FEA)
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Fig. 1 Geometric parameters of fatigue push-out specimen(unit: mm)
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Fig. 2 Test equipment for loading
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Fig. 4 Schematic diagram of loading process
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Tab. 2 Fatigue loading parameters

WSS PN P/KN P/KN AP/KN %ﬁfﬁgz
PFNI 185 15 140 132
PFN2 180 50 s 130 122
PFN3 195 35 160 151
PEN4 200 30 170 160
PFG1 390 125 yes 265 111
PFG2 404 112 292 122
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Fig. 7 Relationship between interface slip ratio and

fatigue loading times
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Fig. 8 Mean initial shear stiffness of studs
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Fig. 9 Relationship between shear stiffness ratio
and load cycle
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shear stiffness ratio
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Fig. 13 Material constitutive and plastic damage model
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