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Mechanical Analysis of the Influence of
Rubber-Sleeved Stud Connector on the
Steel-Concrete Composite Girder

SU Qingtian**, SU Hang', WU Fei'

(1. College of Civil Engineering, Tongji University, Shanghai
200092, Chinaj;2. Shanghai Engineering Research Center of High
Performance Composite Bridges, Shanghai 200092, China)

Abstract: To study the mechanical properties of the rubber-
sleeved stud connector and its influence on the steel-concrete
composite girder, 5 groups of 15 push-out test specimens are
designed and fabricated. The mechanical behavior of the
rubber-sleeved stud connector is revealed by using the static
loading test while the influence of the rubber-sleeved stud
connector on the steel-concrete composite girder is analyzed
by using the FEM (finiti element method) models. The test

and finite element analysis results show that the rubber-
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sleeved stud connector helps to reduce the shear stiffness of
the push-out test specimens without decreasing the carrying
capacity. Meanwhile, the rubber sleeve has little impact on
the mid-span deflection and the stress in the steel girder but
magnificently decreases the stress in the concrete slab at the
mid-support. For composite bridges using shear connectors
with a diameter of 22 mm and 19mm, the tensile stress in
concrete slab decreases by 26 % and 13 % respectively. As for
the problem of sudden stress change, a transition area of 2m
at the intersection of the positive moment region and the
negative moment region can reduce the stress mutation by
30 %, which effectively improve the adverse condition in the

stiffness changing region.

Key words: connector; composite girder; rubber

sleeve; stud; test; finite element analysis
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Fig. 1 Configurations of test specimen (unit: mm)
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Tab.1 Grouping of test specimens.

REIERE  BERER BKRER

415 o FE/mm FE /mm EVR e
SCC—0 22 0 0 3
SCC—1 22 50 4 3
SCC—2 22 100 2 3
SCC—3 22 100 4 3
SCC—4 22 100 6 3
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Fig. 3 Test setup
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Tab.2 Material property of NR45 rubber
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Fig. 4 Failure modes of ordinary stud specimen
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Fig. 7 Stiffness

sleeved stud specimens

variation tendency of rubber-
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Tab.3 Test results and comparison

. v,/ S/ K,/ K,/
e KN mm (kNemm~) (KNemm )

SCC—0 (a) 202.0 7.03 403.0 332.3

SCC—1 (b) 194.9 13.21 31.8 27.3

SCC—2 (c) 184.7 7.31 102. 8 85.0

SCC—3 (d) 184.7 12.49 25.8 21.2

SCC—4 (e) 202.7 15.27 22.8 21.7

(DES(EZE  0.96 1.88 0.08 0.08

(OES@EZE  0.91 1.04 0.26 0.26

(DES@EZE  0.91 1.78 0.06 0.06

(e)H5()EHZ 1 2.17 0.06 0.07
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Fig. 8 Influence of sleeve size on shear stiffness
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Tab. 4 Structural parameters of the main girder
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Fig. 11 Influence of connector shear stiffness on stress distribution
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Fig. 12 Stress versus fitting function in the mid-support section
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Tab.5 Influence of rubber sleeved stud connector on the composite girder
SR BETEAR, BIREE  BkEs  hEEhE LI/ REEEN BRI WEN S/ BTGl
mm B /mm F£/mm B /mm % 71/MPa % Mpa %
SCC—0 22 0 0 —8.84 1.19 101. 63
SCC—1 22 4 50 —9.41 6 0.92 23 110. 53 9
SCC—2 22 2 100 —9.14 3 1.04 13 106. 38 5
SCC—3 22 4 100 —9.47 7 0.88 26 111. 55 10
SCC—4 22 6 100 —9.44 7 0.90 24 111.01 9
S1 19 0 0 —8. 84 1.19 101. 63
SR1 19 5 25 —9.01 2 1.11 7 104. 29 3
SR2 19 2.5 50 —9.14 3 1.05 12 106. 25 5
SR3 19 5 50 —9.10 3 1.07 10 105. 65 4
SR4 19 7.5 50 —9.16 4 1.04 13 106. 66 5
SRS 19 5 75 —9.15 4 1.04 13 106. 52 5
3.3 TRIEH@EMMLILIT VGIE
MR 11 7] LAE ) 7RSSR e T i A2 S 21 IR A5 20 A 8 2URT LA BIAS [R] 47 25 40 X 34
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BT 3 A Al A B8 BT 19 YR8 = 1 07 T, 2R FH e/
TR AN N T i 7 R X NI R AR R R
K2 an & 14b & 14 s o BUE AR RIS Jr
G RS 227 A EL B KT 95 %6, AT ILELG bR

T T D 32 72 A AT LA B 78 b 7 1
1 m {3 B AT A TR 1 1 22 M K/ o anaki(4)
JiRs o ANRFALA SRETEF A AT R B I 15 217
B+ R SRR /IN R 0. 167 MPa, #5755 2546 %
SCC-3 H G FRET LA ARAT I W 2 5 15 2R 5E
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Fig. 15 Stress of the girder versus changeover portion
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