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Abstract 

The present study represents an attempt to fulfill the need to 

investigate the performance of the pure shear effect on the 

interface between concrete and steel containing stud shear 

connectors with the effects of the main parameters. The 

studied parameters are the shear-connection distribution, the 

headed studs deformability and the grade of concrete 

embedment to enhance the desirable mechanical properties 

and to have awareness of the undesirable ones. 

Accordingly, four push-out prototypes with different 

properties are experimentally studied, where the ultimate 

shear capacity, relative slip, shear stiffness and the energy 

absorbability are evaluated. It is found that doubling the grade 

of concrete embedment  significantly decreases the prototype 

ultimate shear force, relative slip and shear toughness by 

7.5%, 33% and 23%, while reduction of the headed shear stud 

length by half has negative effects on ultimate shear force, 

peak slip, shear stiffness and modulus of shear toughness by 

13%, 37.5%, 49%, and 30%,. Furthermore, effect of doubling 

the level of the headed stud distribution for a constant degree 

of partial interaction  causes  increases  in ultimate shear 

force, peak slip and modulus of shear toughness by 7.5%, 7%, 

and 10%. 

Behavior of the tested push-out segments is predicted using 

the concrete plastic damage approach in a present finite 

element model by ABAQUS. It accurately predicts the 

response where the high agreement of the numerical model 

predictions with the experimental evidence stands as a definite 

witness to the reliability of the present ABAQUS model. 
 

Abbreviations 

LWAC       Light weight aggregate concrete  

NWC         Normal weight concrete  

FGC          Fine grain concrete  

HSC          High strength concrete 

CHBDC     Canadian Highway Bridge Design Code 

 

 

INTRODUCTION   

The real attraction of composite construction is based on 

having an efficient connection between steel and concrete. It 

is commonly furnished by shear connectors projecting from 

the steel section face which is in contact with the concrete 

media, thus preventing tangential relative slip at that steel – 

concrete interface. This was the inception  of interaction in 

composite system of concrete and steel. The prime 

phenomenon of partial interaction for steel-concrete interfaces 

embedding shear connectors is the “relative slip” represented 

by the load versus slip relationship. It is often accompanied by 

a secondary phenomenon expressed by normal separation of 

the contacting steel and concrete surfaces. The most important 

research works done in the field of pure shear performance in 

the composite steel-concrete system since the onset of the 

third millennium are denoted here. 

In 2002, Wu et al [1] conducted a partial interaction analysis 

of beam-column members by extending  the classic linear 

elastic partial interaction theory to allow for axial forces and 

also boundary conditions associated with plastic hinges.  

Salobodan and Dragoljub[2] , in 2002 also , reviewed the 

most important analytic expression for the strength of shear 

connectors with special attention to the recommendation given 

by the European standard EC4 [3] , and gave commentary in 

that field. 

Najem [4], in 2003, carried out two theoretical models on 

partially layered beams to simulate a multi-layer beam with 

interlayer slip. The difference between the two models 

concerns the neglect of both slip and separation between 

layers of the beam . Validation of these models was verified 

by previous experimental evidence. A model for predicting 

the stiffness behavior of the steel- concrete composite beams 

under negative bending at the serviceability limit state with 

different degrees of shear interaction was developed by  Nile 

et al [5] in 2004. Accuracy of the proposed analytical method 

in predicting deflection of a cantilever  beam was verified on 

the bases of comparison with finite-element modeling and 

experimental investigation. In the same year, Deauua and 

Rambo – Roddenberry[6] performed a comprehensive 
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experimental study including 119 push-out tests, on solid and 

composite slabs whose results , along with 61 other beam tests 

were used to propose and verify a new stud-strength reduction 

model. 

In 2005 an experimental investigation on shear connection 

between steel and high strength light weight concrete 

(HSLWC) was performed by Valente and Crwz [7] to 

evaluate load-slip behavior. Lorose et al [8] conducted, in 

2006, an experimental testing regime using push-out test 

specimens constructed with precasf concrete panels connected 

to steel flanges with steel studs within a circular grout pocket 

to investigate the validity of imbedding clustered shear studs 

in high strength grout for construction using precast deck 

panels according to the Canadian Highway Bridge Design 

Code (CHBDC) requirements. An investigation on the effect 

of confining reinforcement on the shear capacity and ductility 

of polypropylene concrete-steel composite system was made 

by Maleki and Mahoutian [9] in 2007 through several 

monotonic push-out tests on that concrete type with channel 

shear connecters. Based on comparisons with results of the 

specified test setup comprising ordinary concrete specimens 

of   polypropylene concrete specimens with confining 

reinforcement they concluded that the polypropylene fibers 

have insignificant influence on the ductility of the steel-plain 

concrete composite system, while stirrups in concrete blocks 

cause this property to increase. Thereafter, Thoresten Faust 

[10], studied the behavior of light weight aggregate concrete 

(LWAC) in composite specimens of headed studs in push-out 

test setup in 2008. He concluded that the empirical basic 

design rules given in EC 4 [3] for headed studs in normal 

weight concrete (NWC) underestimated the real shear 

resistance considerably in the case of LWAC. 

The study of Al-Hadithy et al. [11], in 2009 embodied a wide 

experimental investigation on the shear slip behavior of 

composite steel-concrete systems for three main types of shear 

connectors and four species of concrete NWC, LWAC, FGC 

and HSC, separately. They also recorded a successful 

antecedence in the finite element modeling of such composite 

systems of pure shear action using ANSYS program. 

 

PURE SHEAR TRANSFER TESTING 

Partial interaction features and means 

The force applied to the interface between steel and concrete 

in composite structural systems is mainly, but not entirely, in-

plane shear. Since partial interaction includes intensive 

complicated stresses, they are scarcely analyzed by rigorous 

formulations. Hence, empirical connection methods have been 

actually developed which require experimental variation. The 

most type of shear connectors in common use is the headed 

stud species which was essentially contrived to provide 

satisfactory uplift resistance in addition to its prime efficient 

resistance to slip. They can adequately withstand shear in the 

direction perpendicular to the shank of a diameter 

recommended not to exceed double thickness of the steel part 

in contact with concrete.. 

 

Push-out test 

It is customized in theory of composite construction that the 

property of the headed stud shear connector that has the most 

relevance to design is the transmitted shear force versus 

interface slip relationship, whose curve ought to be ideally 

extracted from loaded and tested composite beams. In fact, the 

composite action of practiced composite beams consists of the 

prime phenomenon of the partial interaction; i. e. the in-plane 

relative slip at interface, accompanied by the secondary action 

denoted by “uplift” or in generalized terminology: “normal-to-

plane separation”. Although the secondary action defined 

above is of slight influence on the partial interaction criterion, 

it affects the prime action represented by the relative slip to 

some close extent. Moreover, since the latter prime action of 

relative slip at interface is of profound importance in the 

analysis and design of steel-concrete composite systems, it 

becomes quite necessary and certainly momentous to innovate 

a feasible steel-concrete system test (embracing shear 

connectors) for pure interface shear creating pure relative slip. 

In precise, such date on shear connector-containing interfaces 

can be obtained from the standard “Push-out” test shown in 

Figure 1 in which the flanges of a short steel I-section 

segment is connected to two small reinforced concrete blocks 

[3,BS 5400, Part 5]. 

 

Figure 1: Standard push-out segment 

 

RESEARCH SIGNIFICANCE 

The privilege of the present study over the proceeding ones in 

the specified scope comes firstly from its inclusion of a wide 

and comprehensive experimental investigation of the pure 

shear performance of composite steel concrete interfaces 

containing the most common shear connectors represented by 

headed studs. The pure shear performance (which is 

completely devoid of secondary action denominated as 

“normal-to-plane separation ” or “uplift” ) has been embodied 

by fabricating, loading and testing upto failure of standard 

push-out segments containing headed –stud shear connectors. 

Shear-slip relations have been extracted from those tests, then 

analyzed and interpreted to evaluate the fundamental 

mechanical properties like ultimate load and slip values, shear 
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stiffness and ductility. The energy absorbability of that shear 

action has also been evaluated by computing the modulus of 

shear toughness. 

Experimental evaluations of those several mechanical shear 

properties have been performed for push-out segments of 

various lengths, shank diameters, numbers and distributions of 

the embedded headed studs. They have been also performed 

for two grades of the concrete hugging and surrounding the 

headed studs. This variety of geometrical, constitutional and 

material properties reflect influences of three fundamental 

parameters: the uniformity of partial interaction, extent of the 

post-ultimate pre-failure procrastination, and the grade of 

concrete embedment. 

Finally, a verification study including the construction of a 

non-linear finite element model by ABAQUS for the standard 

tested push-out segments has been implemented. 

 

EXPERIMENTAL PROGRAM 

Variety of the test prototypes 

The experimental program consisted of a total of 4 push-out 

prototypes with different parameters. They were statistically 

tested to determine the mean value of the ultimate static load 

Pu and its relative slip for the push out specimens. 

For studying the effects of the test parameters, four full-scaled 

push-out segments were manufactured. They were designated 

as A1, A2, A3, A4. The outer dimension and geometry of the 

push-out test segments were based on EC 4 [3]. These 

specimens consisted of 650mm long I steel section with two 

650mm long, 600mm wide, 150mm thick concrete slabs. There 

were three different types of connection between steel section 

and the concrete slabs. For A1 and A4 segments, four 22mm 
diameter headed studs were used on each side of the steel 

section of length equal to 120mm while 60mm length are used 

in A3 specimens. Six headed studs of 18mm diameter and 

60mm length were used in A2 prototype on each side of the 

steel section. Sums of the cross sectional areas of the headed 

studs for all specimens are nearly the same. 

Information of the variety of the manufactured full-scale 

push-out segments is detailed  in Table 1. 

 

Table 1: Diversity of the test prototypes 

 

 

Test setup and procedure 

The ten tests push-out prototypes were subjected to loading in 

a 2000-kN- capacity universal loading machinery and frame 

system shown in Figure 2. Test setup deals with the two main 

components named the supports and loading systems. 

 

Figure 2: Test set up of a typical push-out prototype in its 

supporting and loading arrangement installed in the 

displacement-controlled universal testing machine of 2000 kN 

capacity. 

 

The two supported ends of the all test push-out prototypes 

used in the testing program were fixed against vertical 

movement only by using rigid two built-up composite steel 

section attached to the loading frame located to achieve a 

distance of 400 mm center to center of supports. 

The testing process for the ten push-out prototypes passed 

through several stages as described below. 

i. Installation of the push-out prototype, where each test 

prototype was placed on the rigid support in the loading 

frame and the system work was checked by applying 

initial displacement to take the zero displacement level of 

the prototype and then it was released soon afterwords. 

ii. Loading process, the test was controlled by displacement 

of the LVDT. Displacement control was used conducted 

at a displacement rate of 0.01mm/s. 

iii. Data recording,  instantaneous recording of the loads 

and displacements (relative slip) started since the instant 

at which of the hydraulic jack came into contact with the 

specimen, where the first data record was equal to zero. 

 

TEST PARAMETERS AND RESULTS 

The push-out prototypes A1, A2, A3 and A4 were subjected to 

a vertical monotonic load until they exhibited severe damage; 

the test results of each of those prototypes represent an 

independent parameter in the present comparative study. 

The ultimate vertical loads and the corresponding relative slip 

values with the failure modes for the five specified 

monotonously loaded prototypes are given in Table 2. 

Meanwhile, their load versus relative slip relations of the 

prototypes are shown in Figure 3. 
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Table 2: Values of the ultimate vertical load and the 

corresponding relative slip with the failure modes for the 

loaded prototypes. 

 

 

 

Figure 3: Load versus slip relation till failure for all push-out 

prototypes 

 

Three principal parametric studies were carried out to 

investigate the performance of the monotonously loaded 

prototypes, those parameters include (1)variation of spacing 

of headed stud shear connectors and stud diameter. (2) ductile 

deformability level in the post-yielding stage, by varying the 

headed stud length and (3) strength of concrete whether 

normal concrete strength or high concrete strength. Those 

three parameters have direct effects on the ultimate load 

capacity, average shear stiffness and average anti-slip stiffness 

as given in Table 3. 

 

Table 3:“Shear Stiffness” and “Modulus of Shear Toughness” 

for the push-out segments comprising headed studs of diverse 

shank lengths and compressive strengths. 

 

 

DISCUSSION OF EXPERIMENTAL OUTCOME 

Ultimate shear force and relative slip: 

Figures 4 and 5 show that the effect of shear connecter 

distribution ranged between 7.55% and -13.1% for the 

ultimate shear force. It is observed that the highest value can 

be achieved by increasing headed stud distribution as in A2 

prototype. Meanwhile decreasing the studs length caused 

reduction in the ultimate shear force by 13.1%, while the 

relative slip substantially dropped by 37.5% caused by 

decreasing studs length. Hence, the stud deformability is 

considered the most effective parameter on the decrease of the 

relative slip as seen in A3 prototype. Furthermore, the shear 

connecter distribution effect on relative slip is nearly similar 

to its influence on ultimate shear strength. 

On the other hand, using high strength concrete embedment 

rendered the relative slip dropping hardly by 32.95%, while 

the value of the ultimate shear force slightly decreased by 

7.44% 

 

Figure 4: Effects of the experimentally investigated 

parameters on the ultimate shear force for the tested push-out 

segments. 

 

Figure 5: Effects of the experimentally investigated 

parameters on the relative slip for the tested push-out 

segments. 
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Shear Stiffness: 

Figure 6 shows that using half-length shear in A2 caused 

dramatic decreasing of its shear stiffness to nearly half the 

corresponding obtained from A1 prototype. Moreover, 

increasing the shear connectors distribution (realized by A3 

prototype) caused slight decrement in shear stiffness ( by 

7.92%), while a 4.22% increase in the value of shear stiffness 

was achieved by A4 prototype owing to the effect of the high 

grade concrete embedment. 

 

Figure 6: Effects of the experimentally investigated 

parameters on the shear stiffens for the tested push-out 

segments 

 

 

Figure 7: Effects of the experimentally investigated 

parameters on the energy absorbability for the  tested push-out 

segments 

Energy absorbability: 

Figure 7 shows that the short studs used in A3  prototype and 

the high grade concrete used in A4 prototype, caused drops in 

the value of energy absorbability (Modulus of shear 

toughness) by 30.1% and 23.17%, respectively. However, the 

shear connectors distribution caused slight variation by 

(10.12%) in value of the modulus of shear toughness. 

 

ABAQUS MODEL AND VERIFICATION 

Definition  

A finite element model has been constructed, by using 

ABAQUS package for the standard prototype A1, its accuracy 

should be verified on the bases of comparison with the 

experimental results. 

Concrete damage plasticity model has been used to describe 

the behavior of concrete slabs of the push-out prototype. 

Moreover, an 8-node linear brick element designated 

(C3D8R) element has been used for modeling shear 

connectors, steel section and concrete slabs. Figure 8 shows 

the modeled standard segment. 

 

 

Figure 8: Push-out segment model in ABAQUS 

 

Correlation between Finite-Element Prediction and 

Experimental Evidence  

The load versus slip relationship obtained from the present 

numerical model by ABAQUS and its corresponding one 

extracted from the experimental investigation for prototype A1 

are presented  in Figure 9. It illustrates the close behavior of 

the numerical model relevant to the tested prototype at the 

ultimate load stage, followed by the slight divergence between 

them when the entire partial interaction decay is attained . 

Table 3 shows the ultimate and failure loads and their 

corresponding relative slip results  for both the experimental 

prototype and the finite element model and percentages of 

variations between them. 
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Figure 9: Numerical and experimental load-slip relations of the push-out segment A1 

 

Table 3: Numerical and experimental results of the push-out segments A1 

 

 

 

CONCLUSIONS 

The following conclusions have been drawn so far: 

1. Ultimate shear force and relative slip: Increasing of 

shear connecters distribution by decreasing the shear 

connectors spacing to the half (with keeping the total 

cross sectional area of the headed studs unchanged) 

achieves 7.55% and 7.2%  increases in the ultimate 

shear force and relative slip values, respectively. 

Meanwhile, shorting the headed studs by 50%  causes 

dramatic reduction in the ultimate shear force and 

relative slip attaining  13.1% and 37.5%. Furthermore, 

the ultimate shear force decreases by 7.44% with 

substantial reduction in the relative slip reaching 

32.95% when the grade of concrete is doubly elevated. 

2. Shear stiffness: Sharp drop amounting to 50% in the 

shear stiffness takes place with reducing the shear  

studs length to the half, while slight inecrement (by 

4.22%) of the shear stiffness  arises from the specified 

raise in the grade of concrete. Moreover, the shear 

stiffens decreases by 8% with the specified increase in 

the shear connecters distribution. 

3. Energy absorbability: The specified decrease of the 

shear connecters lengths and elevating the grade of 

concrete cause considerable decrements in the modulus 

of shear toughness by 30.1% and 23.17%, respectively. 

On the other hand. Noticeable increment attaing 

10.12% in that parameter can be achieved by increasing 

the distribution intensity of the shear connecters. 

4. Failure mode: The failure mode of the prototypes 

depend essentially on the ductile behavior of the push-

out prototype.In specific, stud failure can be achieved 

in the standard case and the case of abundant stud 

distribution while concrete failure takes place when 

short headed stud shear connecters  are used . In 

contrast, weld failure takes place when high strength 

concrete is used. 

5. Validity of the presented finite element model: The 

percentages of difference  between the push-out 

prototype and its corresponding  numerical model are 

as low as  2.01%, 8.25%, 4.109% and 3.95% for 

ultimate shear force, ultimate relative slip , shear force 

at failure stage and its relative slip, respectively. 
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