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ABSTRACT 
The use of composite structures is increasingly present in civil construction works. Steel-concrete composite beams, particularly, 

are structures consisting of two materials, a steel section located mainly in the tension region and a concrete section, located in the 

compression cross sectional area , both connected by metal devices known as shear connectors. The main functions of these 

connectors are to allow for the joint behavior of the beam-slab, to restrict longitudinal slipping and uplifting at the elements 

interface and to take shear forces. Experimental studies are planned to be undertaken to study the behavior of steel-concrete 

composite beam subjected to pure bending. This paper presents the behavior of steel-concrete composite beams under pure 

bending at different spacing of shear connectors.  
 

KEYWORDS:  CSCC, shear connectors. 
 

INTRODUCTION 
 
 Concrete is widely used in structural engineering with its high compressive strength, low cost and abundant 
raw material. Though concrete a versatile construction material, it has its own tensional limitation and poor 
ductility. Ductility is an important characteristic of a structure to resist earthquake, impact and blast loading. 
Steel has excellent ductile property. Hence a judicious combination of structural steel and concrete utilizing the 
strength possessed by them and suppressing their weakness resulted in the composite construction. The present 
day demands in construction on parameters such as strength, safety, serviceability, satisfactory and reliable 
performance expected of a structure apart from economical solutions has also made it imperative to use steel 
concrete composite construction techniques.  
 
Steel-Concretecomposite Structure: 
 A structural member composed of two or more dissimilar materials joined together to act as a unit is 
referred as composite structure. Joining two dissimilar materials to form a composite member does not only 
combine the collective strengths of the two materials, forming a union between relevant materials actually 
enhances their physical characteristics and makes the composite stronger than the sum of their strengths. An 
example in civil engineering structures is the steel-concrete composite beam in which a steel wide-flange shape 
(I or W shape) is attached to a concrete floor slab. The many other kinds of composite beams include steel-
wood, wood concrete and plastic-concrete or advanced composite materials–concrete. 
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Fig 1: steel-concrete composite structure. 
 
Advantages of CSCC: 
 In order to design the structural member with maximum efficiency and minimum cost, steel concrete 
composite construction is adopted. It is a powerful construction concept in which compressive strength of 
concrete and the tensile strength of steel is almost effectively used. Steel and the concrete have almost the same 
thermal expansion apart from an ideal combination of strength. Hence, these essential different materials are 
completely compatible and complementary to each other. Steel-concrete composite beams are today widely used 
for bridges and industrial buildings. The main advantages in utilizing steel-concrete composite construction are 
saving in the weight of steel. Most effective utilization of materials like concrete in compression and steel in 
tension can be obtained in composite construction High ductility of steel leads to better seismic resistance of the 
composite section.  Steel component has the ability to absorb the energy released due to seismic forces. Another 
advantage is the ability to cover large column free area in building construction. Faster construction can be 
achieved by utilizing rolled and/or prefabricated components in this type of construction. In CSCC, keeping 
span and loading unaltered, smaller sections are required compared to non composite construction.  
 
Shear Connectors: 
 A composite beam is constructed generally by casting a reinforced concrete slab on the top of the steel 
beam. Composite action between the steel and the concrete is achieved by means of mechanical connectors by 
the effective transfer of shear at the interface between concrete and sheet elements. These shear connectors are 
generally dubbed as ‘shear connectors’. They are typically connected by welding to the top of the flange of a 
steel beam and cast within the concrete slab. The transfer of longitudinal shear forces at the interface between 
both components is mostly realized by headed shear studs. Shear connection significantly increases the strength 
and stiffness performance of composite beams. A composite beam can be made to be considered to have full 
shear connection or partial shear connection, proportional to the amount of shear connections. Shear connectors 
can take the form of either headed studs, channels or high strength structural bolts. These shear connectors are 
typically studs welded to the steel beams and set into the concrete slab. The number and size of these shear 
connectors are carefully calculated as they represent a critical part of the composites mechanical performance. 
 

 
Fig. 2: shear connectors. 
 
Experimental setup and testing procedure for pure bending: 
A. Test Procedure: 
 For pure bending a total number of four composite beams with an effective span of 2.3m were tested are 
shown in fig 3.The position of the supports, inclinometer and dial gauges points were marked on the beams. The 
beams were tested for two point loading. Two point loading was done in order to apply pure bending on the 
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beams. All the beams were designed to fail by flexure only. In order to determine the curvature of the beams, the 
inclinometer readings were taken. For the measurement of deflections, dial gauges were located at seven places, 
one at mid-span, two under the load points, two at 1/6 of the span at the bottom of the beams and two on the top 
of beams at supports. The beams were tested at a rate of loading of 30kN/min. The test was carried out until the 
formation of waves due to buckling of sheets of the beams. The beams began to yield and the behavior of the 
beams was keenly observed from the beginning till collapse. A careful observation was made from the initial 
separation of sheet, propagations of cracks and failure of bracings connecting the sheet and concrete. After that 
the beams were tested for finding the ultimate load carrying capacity by removing all the dial gauges and the 
inclinometer setup till failure. From the readings obtained from the dial gauges, the load-deflection curves, 
spacing of shear connector -ultimate moment curves relationships were determined. The grade of concrete is 
M35 used. 
 

 
 
Fig. 3: Testing Set u. 
 
B.Observations and Test Results: 
 The failure started with the initial separation of sheet in the form of waves due to local buckling followed 
by yielding of the beams are shown in fig 4& 5. The first crack was observed on the specimen followed by the 
appearance of several cracks which propagated in the inclined manner upon further increase of load. At failure, 
crushing of compression concrete and failure of bracings and yielding of tension steel were observed. 
 
Table 1: Test Results for Pure Bending. 

Sl.No Beam ID 
Dimensions 

(mm) 
Thickness of sheet(mm)/spacing of shear 

connector(mm) 

Ultimate Bending 
Moment 
(KNm) 

1 
 

AT 
 

150x230x2300 

1.2/75 141.49 
2 1.2/100 127.28 
3 1.2/125 113.86 
4 1.2/150 109.84 

 

 
 
Fig. 4: Failure Pattern of Beam in Pure Bending.  
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Fig. 5: Failure Pattern by Crushing of Concrete in Pure Bending
 
Variation of load with deflection: 
 Fig. 6, compares the load-deflection responses of CSCC beams under pure bending. The load deflection 
curves of CSCC beams are linear up to yield load and have a long plateau beyond yield load. 
presented in table1. 
 

 
Fig. 6: Load vs. Deflection curves for various spacing of Shear Connectors
 
 The Graphs were drawn between 
Figure 7 respectively 

 
Fig. 7: Spacing of shear connector Vs Ultimate bending moment
 
Conclusions: 
 A detailed investigation was carried out on steel
and torsion. The major conclusions are drawn as follows:
1. The ultimate load taken by the beams were comparatively higher in beam
spacing. 
2. The beam having 75 mm spacing has higher ultimate bending moment.
3. It was also found that beams with75mm, 100mm, 125mm and 150mm spacing of shear connector have 
shown higher values of toughness which is an indication 
4. The reason for the enhancement in flexural stiffness is due to closely spaced shear connector which 
contributed additional confinement. 
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Failure Pattern by Crushing of Concrete in Pure Bending. 

deflection responses of CSCC beams under pure bending. The load deflection 
curves of CSCC beams are linear up to yield load and have a long plateau beyond yield load. 

 

Deflection curves for various spacing of Shear Connectors. 

e drawn between the spacing of hear connectors and ultimate bending moment as 

 

Spacing of shear connector Vs Ultimate bending moment. 

A detailed investigation was carried out on steel-concrete composite beams subjected to combined bending 
and torsion. The major conclusions are drawn as follows: 

The ultimate load taken by the beams were comparatively higher in beam having 75 

mm spacing has higher ultimate bending moment. 
that beams with75mm, 100mm, 125mm and 150mm spacing of shear connector have 

shown higher values of toughness which is an indication of the energy absorption capability of the beams.
The reason for the enhancement in flexural stiffness is due to closely spaced shear connector which 
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