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Abstract. Two 1:2 reduced-scale model tests with different types of shear connectors are 
conducted to study the mechanical properties of shear connectors for a composite beam un-
der complex stress conditions. The strain of the shear connector and relative slipping on the 
steel-concrete interface of the rigid shear connector model and flexible shear connector 
model under the same boundary conditions is measured. Responses of two types of shear con-
nectors under three different load cases are compared. The test results show that the ultimate 
bearing capacity of concrete is the key factor of relative slipping on the steel–concrete inter-
face, and differences between rigid and flexible shear connectors are large. 
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1. INTRODUCTION 

The steel-concrete composite beam bridge is an advantageous bridge style because it 
takes full advantage of both steel’s tensile properties and concrete’s compression properties. 
These two materials are connected by shear connectors in order to transfer shear force on the 
interface between the steel beam and concrete slab. Good performance of the shear connectors 
can allow the steel beam and concrete slab bear the load together. Different shear connector 
types and arrangements afford different shear resistance, which dominates the relative slip-
ping between the steel beam and concrete slab and affects the bearing capacity of the compos-
ite beams (see [1]). 

The shear bearing capacity of shear connector is easy to calculate (see [2]), but the 
withdrawal capacity of the shear connectors often requires experimental research to be done 
because it is difficult to be solved with the general mechanical method (see [3]). Studies on 
various issues concerning experimental research on shear connectors have been reported. 
Dennis Lam et.al (see [4]) proposed an effective numerical model using the finite element 
method to simulate the push-off test and performed parametric studies to investigate varia-
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tions in concrete strength and shear stud diameter. Cem Topkaya et.al (see [5]) proposed a 
new push-out test to study the composite shear stud strength at early concrete ages. Test re-
sults revealed that shear transfer is achieved at very early concrete ages. Ellobody E and 
Young B (see [6]) studied the structural performance of shear connection in composite beams 
with profiled steel sheeting; an accurate and efficient nonlinear finite element model was de-
veloped to study the behavior of headed stud shear connectors welded through-deck. Kim YH 
et.al (see [7]) performed a series of push-out tests to evaluate the performance of several ex-
isting shear connectors. Results show that the perforated shear connector with flange head is 
superior to existing shear connectors such as a general headed stud, perfobond, etc. It is effi-
cient as a rigid shear connector. Kim HY (see [8]) investigated the behavior of steel-concrete 
composite bridge decks with perfobond ribs through push-out, full-scale flexural, and deck-
to-girder connection tests.  Test results confirmed the effect of perfobond ribs.  

Mechanical properties of shear connectors for the composite beam under complex 
stress condition are studied in detail through two model tests. The models are designed based 
on a prototype of the three spans of the pre-stressed steel-concrete composite beams bridge in 
Guangzhou with the main span length of 50+70+60m. Load–Relative slipping behavior and 
the shear capacity of the shear connector in composite beam are obtained from the experimen-
tal model test including three different load cases: horizontal loading, vertical loading, and a 
combination of horizontal loading and vertical loading. The results presented in this paper are 
useful as references for future research and designs of shear connectors in composite beams. 

2. MODEL DESIGN 

Two model tests are conducted. One uses shear studs as the shear connector, which is 
labeled Model 1, the other uses profiled sheeting as the shear connector, which is labeled 
Model 2. Design parameters of the two models are the same except the structural type and 
arrangement of the shear connector. In these two models, the section of steel box girder is 
1000 mm high, 2000 mm long, and 850 mm wide.  The section of the concrete slab is 2000 
mm long  and 4250 mm wide. The base of the steel box girder and the top of the concrete slab 
were connected by an embed bolt. Materials of the model adopt 16Mnq steel, C60 concrete, 
and HRB335 reinforced bar (see [9]). Vertical plans of the model and loading device are 
shown in Figure 1. The geometric and physical similarity relation between the model and pro-
totype is listed in Table 1. 

 
Table 1. Geometry and physical similarity ratio (model/ prototype) 

item size material parameter load stress strain 

similarity ratio 1/2 1/1 1/4 1/1 1/1 

 



 
 

  

Figure 1. Vertical plan of model and loading device 

2.1. Shear connector arrangement 

In Model 1, the arrangement of shear studs, which are 11mm diameter×60 mm long, 
is 5 rows and 10 lines with the grid of 200×200mm. In Model 2, the arrangement of profiled 
sheeting, which is 50mm long×4.5 mm thickness, is 3 rows and 7 lines with the grid of 300×
300mm. Both of the two models have the same steel ratio of the shear connector. The areas of 
the two kinds of shear connector are: An = 4751.7mm2 and Ac = 4725.0mm2, respectively, so 
it can be considered equal. 

2.2. Loading procedure 

There are three kinds of load cases in the model test: horizontal loading, vertical 
loading, and a combination of horizontal and vertical loading. For horizontal loading, the load 
applied to the studs model has no specific direction, but the load applied to the profiled 
sheeting model is specified from the direction of the mouth of the channel beam. The 
horizontal load of the two models is loaded from 0kN to 100kN gradually. For vertical 
loading, there are five loading steps from 0kN to 50kN at every 10kN and the loading is 
repeated three times. For the combination of horizontal and vertical loading, the horizontal 
load of the two models is stabilized at 100kN and the vertical load of the two models is loaded 
from 0kN at a separation of 10kN until the models fail. 

2.3. Measuring-point arrangement 

Six strain gages are affixed on the surface of the concrete slab, six high performance 
reinforcement meters are affixed on the surface of the reinforced bars, and eight strain gages 
are affixed on the surface of horizontal baffle of steel box girder in each model. Moreover, 



 
 

fifty BTM strain meters are affixed on the shear studs in Model 1 and forty-two 120-3AA 
strain gages are affixed on the profiled sheeting in Model 2. 

3. SUMMARY AND DISCUSSION OF THE RESULTS 

3.1. The strain of shear connector 

Six strain gages are affixed on the surface of the concrete slab, six high performance 
reinforcement meters are affixed on the surface of the reinforced bars, and eight strain gages 
are affixed on the surface of horizontal baffle of steel box girder in each model. Moreover, 
fifty BTM strain meters are affixed on the shear studs in Model 1 and forty-two 120-3AA 
strain gages are affixed on the profiled sheeting in Model 2. 

  
Figure 2. The average axial strain of shear 
studs under horizontal loading in each row 

Figure 3. The average axial strain of shear 
studs under vertical loading in each row 

  
Figure 4. The average axial strain of shear 

studs under horizontal and vertical 
loading in each row 

Figure 5. The average axial strain of 
profiled sheeting under horizontal andvertical 

loading in each row 

Shear connectors are divided into 5 rows (labeled 1# and 2#... 5# from left to right) 
and 10 lines (labeled 1L and 2L... 10L from front to back) in Model 1 and are divided into 3 
rows (labeled 1#, 2#, 3# from left to right) in Model 2. The test results and discussions are as 
follows: 

(1) Under horizontal loading, the regularity of the axial strain of shear studs can be 
found (see Figure.2) in Model 1. The axial strain of shear studs of the first line (nearly the 
loading point) is bigger than that of the rest, it decreases from the first line to the fifth line. 



 
 

The rest (far) can be neglected. The regularity of the axial strain of profiled sheeting cannot be 
found in Model 2 because the value of the strain is very small. 

(2) Under vertical loading (no larger than 50kN), shear studs of the #1 and #5 rows are 
in tension while that of rows #2～#4 are in compression in Model 1. The profiled sheeting of 
the #1 and #3 rows are in tension while that of the #2 row is in compression in Model 2. The 
axial strains of two kinds of shear connectors has linear relationship with the load, but the 
value of that is very small (see Figure.3).  

(3) Under the combination of horizontal and vertical loading, when the horizontal load 
is stabilized at 100kN and about 80kN of the vertical load is applied to shear studs in Model 1 
while about 110kN vertical load is applied to the profiled sheeting in Model 2, tiny cracks 
appear on the concrete.Then the stress of the shear connector increases rapidly. Finally, all 
shear connectors are in tension.  

(4) Under the combination of horizontal and vertical loading, when the horizontal load 
is stabilized at 100kN and before the vertical load reach 100kN, the strain of the two kinds of 
shear connectors increase slowly at the beginning of destruction. The axial stress of profiled 
sheeting does not exceed 18.0 MPa and the axial stress of shear studs is between 5.0 MPa and 
34.0 MPa when the model has destructed (see Figure.4 and Figure.5). 

3.2. Test results of relative slipping on the steel-concrete interface 

Under horizontal loading, the relative slipping between the concrete slab and box 
girder is very small. When horizontal loading is up to 100kN, the relative slipping on the 
steel-concrete interface is 0.18 mm in Model 1 and 0.15 mm in Model 2. A linear relationship 
between the relative slipping and the load is shown on the Load-relative curve in two test 
models. Moreover, there are no obvious cracks and the slipping can recover when the load is 
removed. Figure.6 presents the relationship curve between the load and the relative slipping in 
Model 2. 

 
Figure 6. Load-relative slipping curve (model 2) 

4. CONCLUSIONS 

This paper takes the three spans of the continuous composite beams bridge in Guang-
zhou as a background and conducts experimental research on two 1:2 reduced-scale test mod-
els with different shear connectors. The main conclusions are as follows: 



 
 

(1) The ultimate bearing capacity of reinforced concrete is the key factor to the rela-
tive slipping on the steel-concrete interface under complex stress conditions, and the relative 
slipping increases rapidly after concrete cracks. 

(2) Both rigid and flexible shear connectors can effectively resist load, but the model 
of profiled sheeting has better slip resistant performance and recovery performance compared 
to the model of shear studs. The main reason is that profiled sheeting has a stronger restriction 
to concrete for its big stiffness when the strength of concrete is close to the ultimate strength. 

(3) Under 100kN horizontal loading, the relative slipping is 0.18 mm on the steel-
concrete interface in Model 1 while the relative slipping is 0.15 mm in Model 2. It indicates 
that the rigid shear connector can reduce the relative slipping on the steel-concrete interface 
under the same load. 

(4) In the same steel ratio of the shear connector, the withdrawal resistance of profiled 
sheeting is greater than that of shear studs while the axial stress of profiled sheeting is smaller 
than that of shear studs. 
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