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Abstract
The challenge of higher cost associated with strength verification of composite slab (CS) still remains a
burning issue in the construction industries despite several attempts to solve the problem. Recently, a
numerical strength determination function for shear-stud restrained CS was proposed and this study
presents an experimental validation of the proposed strength determination function considering slopeintercept approach for the determination of CS shear strength capacity. The experimental test conducted
consists of 1 m x 0.61 m x 0.14 m of 6-shear span lengths, 3-each for short and long shear span lengths
and has a 28-days concrete characteristics strength of 27 MPa. The results obtained indicated high
viability for the developed function where the there was no significant difference between the experimental
values and approximate failure load computation from the use of the proposed numerical function.
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1. Introduction
The usage of composite slab (CS) in the civil
engineering construction has many benefits such as
ease of construction and lighter weights in
comparison with other flooring systems especially
in the construction of high-rise buildings. This
composite method added popularity for jettisoning
time-consuming formwork construction (Abbas et
al., 2015; Chen, 2003). Moreover, use of such
system offers a great tensile resistance during its
service life from the decking metal (Abdullah et al.,
2015; Degtyarev, 2012; Gholamhoseini et al.,
2014; Marimuthu & Seetharaman, 2007). The
composite action usually comes into performance
with effective development of longitudinal shear at
the metal-concrete interface. Many studies (Abbas
et al., 2015; Burnet & Oehlers, 2001; Chen, 2003;
Mohammed et al., 2017; Tenhovuori & Leskelä,
1998; Tsalkatidis & Avdelas, 2010) have indicated
that CS behaviour is affected by the bond failure
between the decking metal and the concrete and
numbers of issues are known to influence the
longitudinal shear. Abdullah et al. (2015) study has
revealed that the shear bond strength influencing
factors are inclined to the shear-span to effectivedepth ratio, and this is a key factor in characterising
CS shear capacity. Most importantly, the
longitudinal shear bond parameters are obtained
through a capital-intensive laboratory procedure for

either of the shear strength determination methods;
slope-intercept (m-k) or partial shear connection
methods (Gholamhoseini et al., 2014; Marimuthu
et al., 2007). The significant high laboratory cost
has been a serious problem in determining CS
strength coupled with the significant strength
variation estimation from the two previously
mentioned methods.
In providing succour to the challenge of high
laboratory strength verification cost and other
associated issues with CS strength verification,
several frameworks were developed (Abdullah et
al., 2015; Abdullah & Samuel Easterling, 2009).
Recently, there was a development of a procedural
algorithm for CS strength function for the
longitudinal shear estimation that considers section
slenderness and deck characteristics (Mohammed,
2016; Mohammed et al., 2017) but for metal deck
without the use of shear-studs. The study findings
reveal promising results where the developed
algorithm mimics well in determining strength
capacity of CS, and further reduction in the shear
strength estimation difference to 12% from 26%.
Primarily, a typical CS construction employs the
use of shear stud for bonding enhancement between
the metal deck and concrete medium especially on
high-rise buildings. Hence, the needs to further
develop a rational-based method that will also be
able to predict the shear strength behaviour under
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such condition. Hence, this study presents a
prediction model for shear strength determination
for CS with embedded shear-stud under the use of
m-k method and experimental verification of the
performance of the developed strength function.
2. Materials and methods
This experimental work was conducted using a
special set-up flexural testing bay at the University
of Maiduguri that included fully mounted UB
203x133x30 mm capable of withstanding 500 kN

uplift force (Fig. 1 a). Similarly, the metal deck has
a thickness value of 0.47 mm, 1.0 m long and 914
mm width (b) and the use of 19 mm shear studs
(Fig. 1 e). Additionally, JRCS -302 Manual Hydro
Mini 30-ton Horizontal Hydraulic Jack was sought
to apply the needed failure pressure and sets of
Linear Variable Displacement Transducers
(LVDT), load cell and paperless data recorder were
equally used in achieving this study goal (See Fig.
1)

Fig. 1: Materials preparation
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2.2 Specimen preparation and testing
The composite deck specimen was prepared
with concrete characteristics strength of 25 MPa
that uses well graded Bama gravel. The deck
specimen mould was fabricated with marine board
and concreting was performed under supportive
laboratory condition but after firmly welded the 19
mm shear stud to the metal deck. The 6 prepared
specimens, 3-each for short (s) and long (l) shear
span test lengths that included 220 mm, 225, 230
mm and 295 mm, 300 mm, 305 mm, respectively.
The overhang length is 50 mm from both ends. For
the purpose of this experiment, the suffix s or l
signifies shear span length category. A total of 20
shear studs of 19 mm were evenly distributed per
test specimen, casted to a concrete thickness of 140
mm (Fig. 3) and open dried for 28 days before
testing. The required necessary laboratory checks
on the mix design prior to concreting were fully in

accordance with the ACI-318 requirements. The
mix design found to be workable as it is within the
acceptable code's limit. Moreover, cubes for the
determination of the compressive strength from the
batch mixes for testing after 28 days of proper
curing shows an average compressive strength of
27 MPa. The pressure load from the hydraulic jack
was applied with the used of two spreader rollers,
placed on top of the slab specimen with the
intention of applying the two-point load from cross
beam that weighs 80 kg (Fig. 2). Upon the gradual
application of the pressure load, load cell intercepts
and transmits the experimental failure load (EFL)
value to the digital paperless recorded and similar
values for the end slip value and mid-span
deformations,  f are all recorded therein via
LVDT through the data acquisition setup (Fig. 2).
The experimental test bay is shown in Fig. 4.
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Fig. 2: Schematic testing set-up
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Fig. 3: Testing specimen details
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Fig. 4: Experimental test bay
The experimental testing results compared with a
developed numerical failure load (N.FL) estimation
function. Statistical t-test will be conducted to
determine the level of closeness between EFL and
N.FL and this shows the level of suitability of the
developed model for strength capacity estimation
of CS.

plots of vertical shear, V t bd p against shear bond,

2.3 Shear capacity model
The composite slab strength are obtained
through the determination of its longitudinal
strength via slope-intercept (m and k ) or partial
shear connection methods. This study explores the
former method (Kachalla et al., 2022) and its
parameters are deduced from the linear relationship

the centroidal distance of the profile sheeting to the
topmost face of the concrete. Similarly, b and V t
are the respective specimen width and vertical
shear value. The determination of V t involves the
costlier laboratory procedure.

Ap bls for two groups of experimental capacity
test values of long, x and short, y specimens as
shown in Fig. 5. In that figure, the parameter A p
represents metal deck cross-sectional area with
yield strength, fyp and d p is the clear distance from

Fig. 5: Shear parameters determination method
The numerical failure load, N.FL = Flp

inverted slenderness and Ap fyp (Kachalla et al.,

function was presented by Equation (1) and the use
of expression in Fig. 6, where the shear span load
ratio, lr has a value of -0.72 and x is a design load
function that is obtained from an established
product, F that was obtained from the use of

2022). The material failure load is given by
Kachalla et al. (2022):

Flp = x * lr
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ξ (kN)

The results of the deck characteristics in relation
with design load (Kachalla et. Al., 2022) are

presented in Fig. 6.

y = 0.0251x2 - 5.3073x + 365.42
R² = 0.9099

210
190
170
150
130
110
90
70
50

y = 1.6939x - 112.56

Data points
Expon. (Data
points)
Linear (Data
points)

50

100

150

200

(kN)
Fig. 6: Deck characteristics in relation with design load (Kachalla et al., 2022)
3. Results and discussion
Table 1 presents the experimental tests load and the
corresponding numerical failure load estimation
values for the 6-shear span lengths tested in this
study. The mean average ratio EFL / N.FL shows a
marginal variable of about 6% only and this
evidently shows the closeness of computed
numerical failure load value to the experimental
failure test load. This is true because the statistical

t-test indicator shows no significant difference (
t = 0.721, dof = 10, p 0.05 ) as shown in Table
2. This study indicates that the developed
numerical failure function can accurately predict
CS performance function under the prevailing deck
characteristics conditions, and this will result to
significantly cost saving by avoiding the expensive
laboratory testing. The Statistical t-test result is
presented in Table 2.

Table 1: Failure load value from experimental and numerical estimation
LABE
L

Ap
(mm )

S220
240
S225
240
S230
240
L295
240
L300
240
L305
240
Mean value

dp

ls

l

(MPa)

(mm)

(mm)

246.12
246.12
246.12
246.12
246.12
246.12

140
140
140
140
140
140

220
225
230
295
300
305

f yp
2

Furthermore, the support reaction due to the
failure load from the experimental, EX.R and
numerical approximation, N.R against the
specimen slenderness, ls / d are plotted as shown in
Fig. 7. The behaviour shown in Fig. 7 further
corroborates the closeness between the numerical

(m)

EFL
(kN)

N.FL
(kN)

1
1
1
1
1
1

38.5
37.0
41.0
49.0
51.0
50.6

35.30
36.32
37.29
46.93
47.50
48.05

EFL /  f
N.FL
(mm)
2.36
1.09
2.22
1.02
2.00
1.10
1.98
1.04
1.92
1.07
2.01
1.05
1.06

function and experimental result and this agrees
with the finding of Abdullah and Samuel Easterling
(2009). From Table 2, the t-value (0.7212) at 5%
level of significance is less than the critical t-value
showing that the model developed is reliable and
therefore can be used to predict the shear capacity
of composite slab.
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Table 2: Statistical t-test result
EFL
N.FL
Mean
44.51667
41.90083
Variance
40.84167
38.07914
Observations
6
6
Pooled Variance
39.4604
Hypothesized Mean 0
Difference
df
10
t Stat
0.721258
P(T<=t) one-tail
0.243636
t Critical one-tail
1.812461
P(T<=t) two-tail
0.487271
t Critical two-tail
2.228139

Support reaction, kN

27
25
23
21

EX.R

19

N.R

17
15
1.5

1.7

1.9
ls/d

2.1

2.3

Fig. 7: Variable slenderness behaviour with the support reaction
4. Conclusion
The results of the experimental validation of
shear capacity of composite slab based on
numerical model have been presented. This study
explored the viability of developed numerical
failure test load for composite slab (CS) in
comparison with conducted experimental test for
shear-restraint CS. The results obtained from the
experimental investigation was found to be almost
identical with those obtained based on the
numerical model as there was no significant
difference between the experimental values and
approximate failure load computation.
Acknowledgement
The authors appreciate TETFund for providing
full financial support required for this work.
References

Abbas, H.S., Bakar, S.A., Ahmadi, M. and Haron,
Z. (2015) Experimental studies on corrugated
steel-concrete composite slab. GRAĐEVINAR,
67(3):225-233.
Abdullah, R., Kueh, A.B.H., Ibrahim, I.S. and
Easterling, W.S. (2015) Characterization of
shear bond stress for design of composite slabs
using an improved partial shear connection
method. Journal of Civil Engineering and
Management, 21(6):720-732.
Abdullah, R. and Samuel-Easterling, W. (2009)
New evaluation and modeling procedure for
horizontal shear bond in composite slabs.
Journal of Constructional Steel Research,
65(4):891-899.
Burnet, M.J. and Oehlers, D.J. (2001) Rib shear
connectors in composite profiled slabs. Journal
of Constructional Steel Research, 57(12):12671287.

Uniport Journal of Engineering & Scientific Research Vol. 6, Issue 2, 2022

Page 187

Experimental Validation of Shear-Studded Composite Slab Strength Model

Chen, S. (2003) Load carrying capacity of
composite slabs with various end constraints.
Journal of Constructional Steel Research,
59:385-403.
Degtyarev, V. (2012) Reliability-Based Evaluation
of U.S. Design Provisions for Composite Steel
Deck in Construction Stage. Journal of
Structural Engineering, 138(3):308-317.
Gholamhoseini, A., Gilbert, R.I., Bradford, M.A.
and Chang, Z.T. (2014) Longitudinal shear
stress and bond–slip relationships in composite
concrete
slabs.
Engineering
Structures,
69(0):37-48.
Kachalla, M., Abba, M.A. and Kaka, B. (2022)
Shear-Stud Restraint Composite Slab Strength
Prediction Model. Nigerian Journal of
Technology, 41(1):32-37.
Marimuthu, V. and Seetharaman, S. (2007)
Experimental studies on composite deck slabs to
determine the shear-bond characteristic (m-k)
values of the embossed profiled sheet. Journal
of Constructional Steel Research, 63:791-803.
Marimuthu, V., Seetharaman, S., Arul-

Jayachandran,
S.,
Chellappan,
A.,
Bandyopadhyay, T.K. and Dutta, D. (2007)
Experimental studies on composite deck slabs to
determine the shear-bond characteristic values
of the embossed profiled sheet. Journal of
Constructional Steel Research, 63(6):791-803.
Mohammed, K. (2016) A Modified Strength
Capacity for Composite Slab Using Reliability
Approach. PhD thesis, Universiti Putra
Malaysia.
Mohammed, K., Karim, I.A. and Hammood, R.A.
(2017) Composite slab strength determination
approach through reliability analysis. Journal of
Building Engineering, 9:1-9.
Tenhovuori, A.I. and Leskelä, M.V. (1998)
Longitudinal shear resistance of composite
slabs. Journal of Constructional Steel Research,
46(1-3):228.
Tsalkatidis, T. and Avdelas, A. (2010) The
unilateral contact problem in composite slabs:
Experimental study and numerical treatment.
Journal of Constructional Steel Research,
66(3):480-486.

Uniport Journal of Engineering & Scientific Research Vol. 6, Issue 2, 2022

Page 188

