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Abstract: To investigate the bearing mechanism of modified clothoid (MCL)-shaped composite dowel shear
connectors and the influence laws of various factors on their shear bearing capacity, the stress states and failure
modes of the steel dowel, concrete dowel, and transverse through-reinforcement that constitute the MCL-
shaped shear connector were deeply analyzed in this paper based on an experimentally validated finite element
model. Furthermore, the influence laws of transverse through-reinforcement, steel dowel thickness, and
concrete strength on the shear bearing capacity of the MCL-shaped composite dowel were explored. The
research results indicate that the bearing process of the MCL-shaped composite dowel exhibits elastic,
elastoplastic, and failure stages. When the MCL-shaped composite dowel reaches its ultimate bearing capacity,

the concrete dowel is severely damaged, dominated by shear failure; the steel dowel is in a compressive-shear
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state and locally enters a plastic state. Compared to the lower transverse through-reinforcement far from the

shear action end, the upper transverse through-reinforcement is significantly deformed and serves as the

primary source of ductility for the concrete dowel. Increasing the concrete strength can enhance the shear

bearing capacity of the MCL-shaped composite dowel and delay the development of splitting cracks and prying

failure. A larger diameter of the transverse through-reinforcement leads to a stronger shear resistance capacity.

The thickness of the steel dowel significantly affects the shear performance of the MCL-shaped composite

dowel, determining whether the shear bearing capacity of the MCL-shaped composite dowel is controlled by

steel dowel failure or concrete shear failure.

Keywords: bridge engineering; steel-concrete composite structure; shear connector; push-out test; shear

performance
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Figure 1 Composite dowel shear connector
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Figure 2 Concrete constitutive models
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Figure 4 Specimens of push-out test
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Figure 5 Dimensions of steel dowel (unit: mm)
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Table 1 Parameters of push-out test for MCL-shaped

composite dowel shear connector
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Figure 6 Concrete slab, steel bar, steel dowel, and finite element model
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Figure 7 Load-slip curves
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Figure 14 Load-slip curves of MCL-shaped composite

dowel under different concrete strengths

3 AEARELIEETHWMCLEESHAEKNRE
Table 3 Ultimate bearing capacities of MCL-shaped

composite dowel under different concrete strengths

T35 500 B 25 TRE IR /KN
€30 319.22
C40 352.90
C50 378.57
C60 387.95

Sy BT B 140 3% 3010 c BE A TR BE 4 0R BE BG
MCL #9535 8 7K 48 07 A (B Bt 22 389, {38 g 5 1K L
B8 2R AR N o MR BE R S g C30 R
C60, 7 2 77 % A 4 38 A 53 51 k7 33.68 kKN . 25.67 kN
59,38 kN, 14 1% 43 %1 24 10.56%.7.27% 5 2.48% .,
MCL 252 &85 1P 5T A 2 ) 5 TR BE + Py i i &2
TEAH G  H iy TR BE + be oy o R B TR B+ g e
HME RN YR B R S HGR R —E BE R, R
o The BB 5 B A5 G T MCL B & A 8 0 B9 AR 2%
REJIRORABR o 43 Brde R WY, $2 v TR F 1 5 B 45 90
AJGIE 2% VR 5E 1 de R RN B 2L IR . 15 S e A A ] 2
mm ¥ % I TR BE L 840 50 A, AL 15 AT L« B 5 TR
e 5 R A g R, MCL Y 52 45 4 TR B 4 A i 6 5
DX 5l K it ok /)N
32 HEERFWNHEEELMN

AN TRl ) BE SR AR R L A MCL R A 4
4 ey 2T A% T R A0 181 16 9T 7, LR gk (B Il 3% 4.

Hi 18] 16 3% 4 W0« B 5 R 1) BF 2 9 17 1 A 1 3



166 ¥ 4k

AT S 2026 5

DAMAGET

(F¥:75%)
+7.471e-01
+6.848e-01
+6.226¢-01
+5.603e-01
+4.981e-01
+4.358e-01
+3.735e-01
+3.113e-01
+2.490e-01
+1.868e-01
+1.245e-01
+6.226¢-02
+0.000e+00

(a) C30

(b) C40 (c) C50 (d) €60

15 AEARBELEBESHRTHRELIRGHE
Figure 15 Distribution of concrete damage under different

concrete strength grades

400
350
300 -
250 -
200 -

X B A% /mm

a8
150 ——12

f 2] /kN

Il
0o 1 2 3 4 5

I J
6 7 8 9 10 11

1 /mm

El16 AREBRFNHFEETHMCLESESH
T E - &
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Figure 17 Load-slip curves of MCL-shaped composite

dowel under different steel dowel thicknesses
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