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Experimental Study On Shear Bond Behavior Of 
Composite Deck Slab Equipped With Shear 

Connectors 
 

Hanan H. Eltobgy, Kareem M. M. Abdelkareem, Mourad. M. Bakhoum 
 
Abstract : This paper concentrated on the improvement of shear bond strength through the insertion of shear connectors between the composite deck 
slab and the supporting steel beam. A total of 24 specimens were cast using M40 grade concrete and grouped into two categories (with and without 
composite action between a deck slab and the supporting steel beam). In every group, two steel sheet profiles were introduced in depths of (55mm and 
75mm). For each profile, six specimens were experimentally studied with different shear spans. In each three specimens, one specimen was subjected 
to static load while the rest were exposed to cyclic load as per Eurocode 4. The experimental findings indicated that the presence of shear connectors 
has significantly increased the shear bond characteristics.  
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1. INTRODUCTION 
Composite deck slabs are efficient floor systems for building 
units, therefore, have been vastly utilized in the steel industry 
since they act as a permanent formwork for the floor. This 
system considers a structural slab created by bonding the 
concrete’s structural properties to the cold formed steel 
decking through various types of mechanical interlocks, that 
can be introduced for the composite action of the concrete and 
the profiled steel sheet. This mechanical interlock is achieved 
mainly by different shear connection devices such as 
embossments, holes, and transverse wires [1-6]. Another 
composite action within the supporting steel beam and deck 
slab is produced by introducing shear connectors between 
steel beam and composite slab. Shear bond failure is the most 
common failure mode in composite deck slabs. The shear 
bond behavior of composite deck slabs is based on the 
horizontal displacement and deformation of the steel sheeting 
due to the assumption that, the profile steel sheet overrides 
the concrete [7-8]. The shear bond within the profiled steel 
sheeting and concrete has theoretically been difficult to 
predict, since it relies on several parameters such as 
dimensions, shape, and position of the embossments along 
with the geometry and thickness of the profiled steel sheets 
themselves [3-4]. The composite deck slab strength depends 
on the bond within the concrete and the profiled steel 
sheeting. The shear performance of composite deck slab is a 
complicated phenomenon, therefore experimental processes 
are frequently conducted to determine the shear strength 
characteristics by means of the m-k method [9-11]. Usually, 
composite deck slabs act compositely along with their 
supporting steel beam with shear connectors. However, no 
scientific studies have investigated before the effect of those 

shear connectors on the shear bond’s features of composite 
deck slab. This paper investigates the shear bond behavior on 
composite deck slabs with and without the presence of shear 
connector. Experiments were conducted following Eurocode 4, 
EN 1994-1-1:2004 [12] under the cyclic and static load to 
determine the longitudinal shear bond parameters (m and k 
values), moment resistance, load deflection, failure modes, 
load slip behavior, ductility, and steel-concrete shear bond 
resistance. For this purpose, twenty-four composite deck slabs 
were casted using M40 grade concrete and divided into two 
groups (with and without composite action between deck slab 
and the supporting steel beam). In each group two steel sheet 
profiles were introduced (55mm and 75mm depths). For each 
profile six specimens were tested with shorter and longer 
shear loading spans (1.2m,1.5m, 2.5m and 3 m). In each three 
specimens one specimen was subjected to static loading and 
the rest were subjected to cyclic loading following the 
provisions of Eurocode 4 [12]. 

 
2.EXPERIMENTAL PROGRAM 
 
2.1 Test Specimens  
Composite deck slab specimens were with two different 
profiled steel sheet depth d =55mm and 75mm) and of width b 
= 850mm, and 900mm, respectively as shown in Fig1. Both 
profiles are 1 mm thickness, yield strength Fy = 345 N/mm

2
 

and ultimate strength Fu = 445 N/mm
2
. The geometrical 

dimensions and the properties of the profile steel sheets are 
summarized in table 1. 
 

Profile55 

Profile75 
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Fig. 1. Geometric shape of the profiled steel sheets 
(55& 75) 

  
TABLE 1 

GEOMETRY AND MECHANICAL PROPERTIES OF THE PROFILED STEEL 

SHEETS 

 
Type 

Area  
Ap  
(mm

2
) 

Weight 
W 
(Kg/m

2
) 

Width 
b 
(mm) 

Inertia 
moment 
Ix (mm

4
) 

Profile 55 885.5 9.65 850 432300 

Profile 75 967.74 9.35 900 965100 

 
The 40 N/mm

2
 concrete mix proportions by weight (kg) are 

listed in the table (2). The used concrete mixture was prepared 
from ordinary Portland cement, natural sand, and crushed 
natural dolomite aggregate with maximum nominal size of 
10mm. Sikament -163M was used as an admixture to improve 
workability. All specimens were poured from one mixer as 
described above in day one and cured for 28 days. Eight 
cubes of 150x150x150 mm were tested to check the 
compressive strength of the concrete and 3 cylindrical 
specimens 150x300 to determine the tensile strength. The 
average values of the concrete’s mechanical properties are 
shown in table 3 for all standardized specimens. 
 

 
 
 
 
 
 

For composite slabs’ specimens equipped with shear 
connectors between deck slab and the supporting steel beam, 
the shear connector was (UPN100) in 12cm length, and steel 
grade St-37. Channel shear connector were welded with steel 
beam HEA180, as shown in fig. 2. The shear connectors were 
used to provide the composite action within the deck slab and 
the supporting steel beams. According to Eurocode 4 [12] the 
following provisions were applied.  
a: The maximum spacing between shear connectors, S, did 
not exceed either three times the total slab thickness, (ts), or 
60 cm. 
b: The minimum concrete cover atop the connector was no 
less than 40 mm. 
The mesh of mild steel reinforcement (Fy =24 kN/cm²) was 
used to reduce the shrinkage and effect of change in 
temperature. The bar diameter was 8 mm, and the bars’ 
spacing 200 mm, center to center in both directions. These 
meshes were placed 25 mm from the top surface of the 
profiled steel sheet.  

 

Fig 2 Arrangement of shear connectors 

 
Specimens were then divided into 8 groups, groups from (a) to 
(d) allocated for deck slab without shear connectors while 
groups from (e) to (h) were equipped with shear connectors 
between deck slab and supporting steel beam. Table 4 
presents the details of each composite deck slab. Leff, refers 
to the distance between the centers of supporting steel beam, 
and Ls is the shear span (=Leff/4), that represents the distance 
between the center of support to the line load location as 
shown in fig3. Slab thickness for all specimens was 160mm. 

 
TABLE 4 

DIMENSIONS AND DETAILS OF COMPOSITE METAL DECKING 

Groups Specimen ID L Leff Ls d Cyclic 
load  

mm mm mm mm 

Group 
(a) 

S1 2500 2320 580 55 No 

S2 2500 2320 580 55 Yes 

S3 2500 2320 580 55 Yes 

Group 
(b) 

S4 1200 1020 255 55 No 

S5 1200 1020 255 55 Yes 

S6 1200 1020 255 55 Yes 

Group 
(c) 

S7 1500 1320 330 75 No 

S8 1500 1320 330 75 Yes 

S9 1500 1320 330 75 Yes 

Group 
(d) 

S10 3000 2820 705 75 No 

S11 3000 2820 705 75 Yes 

S12 3000 2820 705 75 Yes 

Group 
(e) 

S13 2500 2320 580 55 No 

S14 2500 2320 580 55 Yes 

S15 2500 2320 580 55 Yes 

group 
(f) 

S16 1200 1020 255 55 No 

S17 1200 1020 255 55 Yes 

S18 1200 1020 255 55 Yes 

group 
(g) 

S19 1500 1320 330 75 No 

S20 1500 1320 330 75 Yes 

S21 1500 1320 330 75 Yes 

Group 
(h) 

S22 3000 2820 705 75 No 

S23 3000 2820 705 75 Yes 

TABLE 2 
CONCRETE MIX PROPORTIONS (KG) 

Cement Water Coarse 
Aggregate 

Sand w/c 
ratio 

450 225 1080 720 0.55 

 
TABLE 3 

MECHANICAL PROPERTIES OF CONCRETE 

Compressive strength Fcu (MPa) 40 

tensile strength Fct (MPa) 3.15 
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S24 3000 2820 705 75 Yes 

 
2.2. Experimental set-up 
The main purpose of this test was to determine Vt (shear 
force), calculate m& k according to the Eurocode 4 [12] and 
define the influence of the shear connectors between 
composite deck slab and the supporting steel beam on the 
slabs’ shear bond. The end slippage between steel and 
concrete was effective to determine the ductile or non-ductile 
behavior of the connection. For this purpose, the specimens 
were tested as simply supported slabs under static and cyclic 
loading as shown in fig 3. The specimen was loaded with 500 
kN hydraulic actuator. The load was applied as two equal line 
loads distributed across the width of the slab. The 
deformations in the slab were measured by means of three 
LVDTs (Linear Voltage Displacements Transducers). One 
LVDT was placed at the bottom of the slab at mid span to 
measure the vertical deflection. Two LVDTs (for each side) 
were utilized to measure the end slippage (between steel 
sheet and concrete) at both ends of the slab as shown in Fig 
3. One of the strain gauges that measured the concrete strain 
placed on the top surface of the slab and the other strain 
gauge was used to measure the steel sheet strain (placed at 
the bottom surface of deck steel profile). All strain gauges 
were attached at the mid span of the slab. LVDTs, Strain 
gauges and load channels were connected to a personal 
computer’s data acquisition system to store the data during 
testing. The test setup of the actual specimen is shown in fig 4. 

 

Fig 3. Schematic of test set-up 

 

Fig 4. The experimental set-up  

 

2.3. Loading Procedure 
 
2.3.1 Preliminary Static Test 
The first specimen on each group was subjected to static load 
to determine the failure load. the loading is applied by load 
control with the rate of 0.25 mm/min and the frequency of data 
acquisition is 1 Hz. The failure load Wt is the maximum failure 
load of the slab plus the composite slab’s weight and the 
spreader beams. 
 
2.3.2 Final test 
The final test loading procedure was performed in two steps: 
the first step is an initial test subjecting the slab to cyclic 
loading. The second step is a test where the slab is loaded to 
failure under an increasing load. All cycles of the test were 
carried out in force-control mode. 
(a) Initial test: two specimens in each group were subjected to 
cyclic load, which varies between a lower value not greater 
than 0.2 Wt and an upper value not less than 0.6 Wt. The 
loading applied for 5000 cycles. Fig5 shows the loading 
pattern for cyclic loading. This compressive cycle of loading is 
applied by load control with the rate of 0.52 cycles per second. 
For the data acquisition, the frequency of data storage was 10 
Hz. 
(b) Subsequent test: on completion of the initial test, the rest of 
specimens were subjected to a static test where the imposed 
load is increased progressively, such that failure does not 
occur in less than 1 hour.  
The readings are recorded during the loading for loads to plot 
the m & k curve, deflection at mid span, slippage between the 
concrete and steel sheet and strains for concrete and steel 
sheet. 
 

Fig. 5 The loading pattern for cyclic loading 

 
3. RESULTS AND DISCUSSIONS 
 
3.1. General Observations and Failure Modes of 

Composite Deck Slab Specimens 
During the first stage of loading all specimens showed similar 
qualitative mechanical behavior, the profiled steel sheet has 
reacted compositely with concrete’s subjection to tensile 
stresses due to the presence of embossments that provided 
the shear bond between steel profile and concrete. With 
loading increase, separation between the concrete and the 
profiled steel sheet was observed and attributed to inadequate 
shear bond, also, shear cracks were observed near the 
loading point. At the final stage, the slabs failed because of the 
increased deflection associated with the end slippage 
(between steel and concrete). Moreover, flexural cracks at 
slab mid span along with vertical shear cracks below the 
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loading points were observed. Figs (6.a, b, c, d, and e) present 
shear failure position and separation between concrete and 
steel sheet. 

a: Shear failure and cracks of longer shear span (Ls)=580mm 

b: Shear failure and cracks of shorter shear span 
(Ls)=225mm 

c: Shear failure and cracks of longer shear span (Ls)=705mm 

d: Shear failure and cracks of shorter shear span 
(Ls)=330mm 

e: Cracks and separations 
between steel-concrete 

Fig. 6 Failure modes and cracks of composite deck slab 
specimens 

 
3.2. Strain Development in Concrete Surface and Profile 

Steel Sheet 
Fig7a to fig7h show the typical development of concrete and 
steel strain during loading. Shorter shear span specimens 
displayed higher elastic concrete strain resistance compared 
to longer shear span specimens. All composite slabs with 
shear connectors had higher and faster increase in concrete 
strain compared to composite slabs without shear connectors. 
Since, composite slabs with shear connectors are 
considerably ductile and more absorbent compare to 
specimens without shear connectors especially as some of 
them are brittle. The strains’ reading of the profiled steel 
sheeting showed that all composite slabs with shear 
connectors had higher strains than composite slabs without 
shear connectors. This behavior can be attributed to an 
improved composite action due to the high ductility of 
composite slabs with the shear connectors.

 a. Concrete strain for specimens without 
shear connectors (Profile 55) 

b. Concrete strain for specimens with shear 
connectors  
(Profile 55) 
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c. Concrete strain for specimens without shear 
connectors (Profile 75) 

d. Concrete strain for specimens with shear 
connectors  
(Profile 75) 

e. Steel Sheet strain for specimens without 
shear connectors (Profile 55) 

f. Steel Sheet strain for specimens without shear 
connectors (Profile 55) 

g. Steel Sheet s connectors train for specimens 
without shear (Profile 75) 

h. Steel Sheet strain for specimens without 
shear connectors (Profile 75) 

Fig. 7. Load- concrete/ steel strain behavior of composite slabs 

 
3.3. Load-Slip Behavior of Composite Slab 
Fig8a to fig8d present the relation between the applied load 
and the end slippage plotted for each specimen. Following 
Eurocode 4 [12] ―The longitudinal shear behavior can be 
considered as ductile in case the failure load surpasses the 
load triggering a recorded end slip of 0.1 mm by more than 
10%.The load-slip curves obtained for specimens with shorter 
shear span loading (225mm & 330mm) showed more load 
resistance than longer shear span (580mm & 705 mm) prior to 

slippage’s occurrence. Also, the specimens with shear 
connectors between deck slab and the supporting beam 
showed more load resistance and less slippage than slabs 
without shear connectors at the failure load as shown in fig9. 
Meaning that, the bond capacity between the steel sheet and 
concrete in slabs with shear connectors was superior to slabs 
without shear connectors before crack has taken place. The 
overall slip reduction was about 38% to 50% for slabs profile 
55, and 31% to 48% for slabs profile 75.
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a. Load - slippage for specimens without shear 
connectors 

 
b. Load - slippage for specimens with shear 

connectors 

c. Load - slippage for specimens without shear 
connectors 

d. Load - slippage for specimens with shear 
connectors 

Fig. 8 Load- slippage behavior for composite slabs. 

 

 
 
 
 
 
 
a. 

End slippage for specimens without shear 
connectors  

 
 
 
 
 
 

b. 

End slippage for specimens with shear connectors  

Fig. 9. End slippage for different composite deck slab specimens 

 
3.4 Load-Deflection Behavior of Composite Slabs 
Load deflection curves of all composite slab specimens 
subjected to static test are shown in Fig10a, b, whereas 
specimens subjected to subsequent test are shown in Fig10c, 
to fig10f. For the static loading test, the relation between the 
applied load and vertical deflection was plotted for different 
shear span to show the maximum load and deflection for the 
same profile steel sheet, as well as the difference between 
specimens with and without shear connectors between 
composite deck slab and the supporting steel beam. The 

variation in slope in the load-deflection response is attributed 
to the formation of cracks, interface separation or slip initiation. 
Load-deflection behavior can be described throughout three 
stages: pre-cracking, post-cracking, and post-peak. All 
composite slabs displayed similar trend in the pre-cracking 
linear stage. After cracking, the loss of linear behavior was 
noticeable and progressed up to the peak load. Afterwards, 
reduction of the slabs’ load carrying capacity was observed, 
alongside a significant increase in the slabs’ deflection. 
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a b 

c d 

e f 
Fig. 10 Comparison between load- deflection curves of composite deck slabs with and without shear connectors 

 

4. EVALUATION OF M–K VALUE AND SHEAR BOND 

CAPACITY  
The m-k values define the shear transfer capacity of the 
composite steel deck where, m exemplifies the empirical value 
of mechanical interlocking between concrete and steel profile 
sheeting and k stands for the empirical value of friction 
between the concrete and steel sheeting. The recommended 
design equation 1 for shear bond capacity of composite slabs 
provided by [12-16] formulated as an equation for a straight-
line. 
Vt/ (b* dp) = m (Ap/b* Ls) + k …………………...………(1)  

 Where, Vt is the ultimate experimental shear force, b the 
slab’s width, Ap the cross-sectional area of the profiled sheet, 
Ls the shear span of composite slab and dp the effective depth 
of slab from top surface of concrete to the center of the profile 
steel sheeting. A further reduction of 10% was applied to 
obtain the reduced regression line as shown in fig11 based on 
the computed values of the regression constants m and k. 
After obtainment of m and k values, the shear bond capacity 
(τv) of composite slabs was calculated by the design equation 
2 as per Eurocode 4 [12].  
The shear bond capacity of all composite slabs is listed in 
table6. 
 τv = (m*Ap)/(b*Ls) +k ………………….………..….……(2) 
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Fig.11 m-k Curves from experimental test results 
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TABLE 6 

M-K VALUES AND SHEAR BOND CAPACITY (τv) 

Specimen ID 
Pu 
KN 

Vt 
(KN) 

Ls 
(mm) 

Ap/(bLv) Vt/(bdp) m k 
τv 
(N/mm

2
) 

S1 74.30 37.15 580 0.001776 0.336577 

185.33 0.0066 0.0762535 S2 97.63 48.82 580 0.001776 0.442261 

S3 99.18 49.59 580 0.001776 0.449282 

S4 166.93 83.46 255 0.004041 0.756188 

185.33 0.0066 0.1500038 S5 239.61 119.8 255 0.004041 1.085426 

S6 285.85 142.93 255 0.004041 1.294892 

S7 203.82 101.91 330 0.003306 0.906095 

248.57 -0.019 0.1339552 S8 199.13 99.57 330 0.003306 0.885246 

S9 180.13 90.07 330 0.003306 0.800780 

S10 90.84 45.42 705 0.001548 0.403835 

248.57 -0.019 0.0631563 S11 88.81 44.41 705 0.001548 0.394811 

S12 81.80 40.90 705 0.001548 0.363647 

S13 110.53 55.26 580 0.001670 0.467301 

220.77 0.0303 0.1151676 S14 124.93 62.46 580 0.001670 0.528196 

S15 137.56 68.78 580 0.001670 0.581608 

S16 235.65 103.14 255 0.003798 0.872163 

220.77 0.0303 0.1954587 S17 269.22 134.61 255 0.003798 1.138239 

S18 321.17 160.58 255 0.003798 1.357896 

S19 261.03 130.51 330 0.003264 1.143647 

281.68 0.0503 0.1760992 S20 254.81 127.41 330 0.003264 1.116413 

S21 222.60 111.30 330 0.003264 0.975272 

S22 139.66 69.83 705 0.001528 0.611891 

281.68 0.0503 0.0946749 S23 135.38 67.69 705 0.001528 0.593148 

S24 110.98 55.49 705 0.001528 0.486243 

 
The m and K vales of composite slabs are summarized in 
Table 6. The mechanical interlock for composite deck slab 
represented by m value and the value of friction between the 
concrete and steel sheet represented by k value. The m-k 
value of composite slabs without shear connectors has been 
determined, where the m values were 185.33 N/mm

2
, 

248.57N/mm
2
, and k values 0.0066 N/mm

2
, and -0.0189 

N/mm
2
 for steel profile depths 55& 75 mm, respectively. The 

m-k value of composite slabs with shear connectors has been 
determined, where the m values were 220.77 N/mm

2
, 281.68 

N/mm
2
, and k values 0.0303N/mm

2
, and 0.0503 N/mm

2
 for 

steel profile depths 55& 75 mm, respectively. 
 

5.CONCLUSIONS 
The present study displays the effect of shear connectors 
between deck slabs and the supporting steel beam on shear 
bond capacity and slippage thought an experimental work 
conducted for 24 full scale specimens with and without shear 

connectors introducing 2 profiles of steel decking, accordingly 
findings can be briefed as follows: 
1.   Composite slabs with shear connectors had superior ability 

to produce better steel-concrete composite action compared 
to composite slab without shear connectors. The overall slip 
reduction was about 30% to 50%. 

2.  The behavior of most composite slabs was ductile based 
on end slip criteria and the ductility capacity of slabs with 
shear connectors compared to slabs without shear 
connectors. 

3.  The shear bond capacity obtained by m& k method for 
composite slabs introducing shear connectors between deck 
slab and its supporting steel beams have shown higher 
values than those not provided with shear connectors. 

4.  The negative value k for composite slab without shear 
connectors has faded by using shear connectors. 

6.  The shear bond capacities of slabs with shear connectors 
are found to be higher than those of slabs without shear 
connectors with about 30% to 50% for shorter and longer 
shear spans, respectively, this refers to the effect of the 
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shear connectors in developing higher shear bond 
resistance.  

7.   Higher values of shear bond parameters m& k for 
composite slabs with shear connectors suggests their ability 
to generate higher mechanical interlock at steel-concrete 
interface compared to those slabs without shear connectors. 

8.   Failure load has generally increased inversely proportional 
to the shear span for all composite slabs. The use of shear 
connectors increased the peak load and pre-cracking 
stiffness. However, strength increase was 36% higher for 
slabs with connectors compared to slabs without shear 
connectors. 

9.  The study indicated that, the estimated value of shear bond 
resistance has been increased by 22% and 42% for 
composite slab (profile 55), and (profile 75) respectively, as 
a tribute to the use shear connectors. 
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