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PERFORMANCES OF L-SHAPE SHEAR CONNECTOR  
SUBJECTEDTO STRUT COMPRESSIVE FORCE IN  

STEEL-CONCRETE COMPOSITE STRUCTURES  

R. SOTY1* and H. SHIMA2 

1Depatment of infrastructure Systems Engineering, Kochi University of Technology, Japan 
2Depatment of infrastructure Systems Engineering, Kochi University of Technology, Japan 

ABSTRACT 
This paper presents the performances of L-shape shear connector subjected to strut compressive 
force in steel-concrete composite structures. L-shape shear connectors were found to fail in two 
different failure modes, split failure mode, and concrete crushed/shear failure mode depending of 
the direction of the strut compressive force. There existed a critical strut angle separating the two 
different failure modes, and it was found to have a linear relationship with the thickness to height 
ratio of the shear connector. Meanwhile, a design equation for the ultimate shear capacity of the 
shear connector for each failure mode was developed and proposed. It was confirmed that the shear 
force-relative displacement relationship could be represented by a unique enveloped curve by 
normalizing the shear forces by the ultimate shear force and the relative displacements by the height 
of the shear connector. Thus, an exponential equation to predict the enveloped curve was proposed 
while the ultimate relative displacement was found approximately 0.02 times the height of the shear 
connectors regardless of the sizes of the shear connector, the concrete strength, and the strut angle. 
Keywords: L-shape shear connector, strut compressive force, shear force, relative displacement. 

1. INTRODUCTION 
L-shape shear connector is one of shear connector type which is usually used to transfer shear force 
from steel to concrete and vice versa in steel-concrete composite structures. The equation to predict 
the shear capacity of L-shape shear connector was previously given by (JSCE 1992 and 2006). 
However, according (Soty and Shima 2010 and 2011), the equations given by (JSCE 1992 and 
2006) were found to underestimate the shear capacity of L-shape shear connector subjected to strut 
compressive force. Then a new equation was subsequently developed and proposed. They (Soty and 
Shima 2010) proposed not only the equation to predict the shear capacity but also that to predict the 
shear force-relative displacement relationship of L-shape shear connector based on the experimental 
results of 1st series specimens and the FEM analyses results. However, their equations were 
proposed only in cased of strut angle of 45o and splitting crack controlled the final failure mode.  

Therefore, this paper integrates the experimental results of (Soty and Shima 2010) with the test 
results of a 2nd series specimens whose strut angles are smaller than 45o (θ < 45o)  in order to 
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Table 2: Mix proportions of concrete product 

Specimens Slump 
(cm) 

W/C 
(%) 

s/a 
(%) 

Unit weight (kg/m3) 
Water Cement Sand Aggregate WRA* AEA**

S-600-200-9-38-45 18 46 40 175 378 695 1059 3.78 15.1 
S-600-200-9-25.3-45 
S-450-150-9-23.6-45 
S-300-100-9-25.1-45 

8 73 45 155 211 876 1070 2.11 8.4 

2nd Test Series 18 54 48.8 175 342 520 921 2.5 1.62 
* Water Reducing Admixture, ** Air Entraining Agent 

 

   
 (a) (b) (c) 

Figure 2: (a) Locations of strain gauges; (b) Slip measurement location; (c) Locations of 
displacement transducers for relative displacement measurement. 

 
were measured. The strain gauges and the displacement transducers were installed left-right 
symmetrically in pairs in all specimens. The specimens were loaded and unloaded with an 
increment of 30kN; meanwhile, the load P and the data from the strain gauges and the displacement 
transducers were recorded until failure of the shear connector. 

3. PERFORMANCE OF L-SHAPE SHEAR CONNECTOR 

3.1. Failure Mode 
L-shape shear connectors were found to fail with different failure modes, split failure, shear-split 
failure, concrete crush, and shear failure were identified. The conditions of the shear connectors at 
failures observed in the 2nd test series specimens are illustrated in Figure 3. The experimental results 
showed that the possibility of split failure and concrete crush or shear failure depended on the strut 
angle θ and the size of the shear connector. Accordingly, the relationships between θ and t1,sc/hsc of 
all tested specimens were plotted in Figure 4. The experimental results suggested that split failure 
mode and concrete crush or shear failure mode of the shear connector can be separated by a border 
line of a critical strut angle θo which is a function of t1,sc/hsc as expressed in equation (1). 

( ) 41210 ,1 +×−= scsco htθ   (1) 

Where, θo: critical strut angle (deg), t1,sc: thickness of the shear connector, and hsc: height of the 
shear connector. 
It means that split failure mode and concrete crush or shear failure mode would occurred when strut 
angle θ > θo and θ ≤ θo, respectively. 
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4. CONCLUSIONS 
(1) L-shape shear connectors under strut compressive forces in steel-concrete composite structures 
were found to have different failure modes namely split failure mode and concrete crush or shear 
failure mode. Both final failure mode and shear resisting mechanisms of the shear connector were 
found to be controlled by the strut angle and the thickness to height ratio of the shear connector.  

(2) There existed a critical strut angle θo separating split failure mode from concrete crush or shear 
failure mode regardless of concrete strength. The equation of θo was found to be linear whose 
equation was a function of thickness to height ratio of the shear connector as given in equation (1). 

(3) The equation to predict the ultimate shear capacity Vu of L-shape shear connector subjected to 
strut compressive force was developed and proposed as appeared in equation (2). However, the 
applicable ranges of the proposed equations are only in the interval of strut angle 20o ≤ θ ≤ 45o. 

(4) Regardless of the size of the shear connector, the concrete strength, and the strut angle, the 
relationship between shear force and relative displacement of L-shape shear connector can be 
represented by a unique enveloped curve by normalizing the shear forces by the ultimate shear force 
and the relative displacements by the height of the shear connector for the case after the occurrence 
of diagonal crack from the head of the shear connector until failure of the shear connector. The 
ultimate relative displacements δu of L-shape shear connectors was found approximately 0.02 times 
the height of the shear connector. 

(5) By means of this research results, the applicable ranges of equation (5) was extended to be 
applicable to predict the enveloped curved of shear force-relative displacement relationship of 
L-shape shear connector despite different shear connector sizes, concrete strength, and strut angle. 
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