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ABSTRACT: In India, consumption of steel is much less compared to other countries. On the other hand, India is the
third-largest producer of steel. Thus, steel has great potential in the Indian Construction Industry and thus, not using it
efficiently could be a great loss to the country. One such efficient method is steel-concrete composite construction.
Composite slabs with profiled steel deck and concrete toping have gained wide acceptance as they lead to faster, lighter
and economical construction.Steel encased with concrete does not only improve the strength of the composite members
but protect the entire structure from adverse effects of fire, calamities, and corrosion. Many research works have been
carried out to study the bahaviour of composite steel deck slab. In that, most of the experimental studies on composite
deck are performed on the full scale test. Analytical consideration of composite action on behaviour of slab and flexural
strength is also far and few. In this study, a comparative experimental and analytical analysis has been carried out
between reinforced concrete slab and composite slab with profiled steel sheeting. Composite and conventional slabs
using steel decking were tested to failure under point loading test.The recorded results of the two different slabs were
then used to plot a load-displacement graph and deflection profiles are to be analyzed and compared. The slabs were 150
mm deep and the deck profile was 60 mm deep and 1.5mm thick.

KEYWORDS: Steel-Concrete Composite Construction, Steel sheet profiled composite slab, reinforced concrete slab,
flexural strength test.

[. INTRODUCTION

Composite construction is the general term used to describe any form of building construction involving two or more
different materials that are bound together so strongly so they can act as a single unit. Generally, the materials used in
composite construction are concrete/steel, timber/steel and plastic/steel. Composite structures integrate the structural
properties of the two materials to produce stiffer, stronger and lighter structure due to the stiff connection between the
materials. For concrete and steel, a shear bond connection between the materials is developed, so the materials can act
as one unit. In composite construction using concrete and steel, the bending moment caused by applied load is resisted
by the compressive force in the concrete and the tensile force in the steel. This action occurs in composite beams as well
as composite slabs.Composite structures are generally cost effective from the constructional viewpoint, because they
can be quickly erected especially when precast concrete units or profiled steel sheeting are used with the steel frame to
facilitate the construction of the floors.The essential composite action between the steel decking and the concrete slab is
generated by some form of embossments, which provide sufficient shear-bond, so that when the concrete gained
strength, the two materials act together compositely with little slip. Today there is wide variety of profiled steel decks,
in terms of depths and trough spacing, depend on the loading and the application of the decking. Deeper profiles allow
decks to support loads with longer spans. The concrete/galvanised steel form of composite construction, considered in
this study uses galvanized steel in the form of profiled steel decking. The steel decking is considered as the external
reinforcement for the composite member.

II. RELATED WORK
Abdullah, Cole and Easterling [4] The research was conducted to analyze steel deck-concrete composite using
non-linear dynamic finite element analysis ABAQUS/Explicit module software by the authors. A three -dimensional

finite element modeling was performed which incorporated, tensile brittle cracking of concrete, horizontal shear
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bond behavior between the concrete and the steel deck. Some of the input data were deduced from bending test.
They developed the quasi-static analysis method which was capable of predicting the load-deflection behavior and
the ultimate load of composite slabs.

U. Shah [6] modeled in ANSYS-15 by varying thickness, with and without embossments. The thickness of
profile sheet has a considerable effect on the deflection and stress of the composite slab. Comparing the without
embossments and with embossments, it was observed that the with embossment composite slab has less
deformation by almost 34% to 41 % and less stress by almost 26% as the thickness is increased from 0.9 mm to 1.2
mm. Thickness of the decking sheet plays a significant role.

Baskar R. [16] studied the strength and behavior of composite slabs both experimentally and analytically. Ten
composite slabs were cast based on with embossments, with embossments and end anchorages, without
embossments. Both the experimental and analytical results were comparable. The load ratio between experimental
and finite elemental values for without embossments, with embossments, with embossments and end anchorages
groups were 1.02, 1.09, 1.16. The load carrying capacity of with embossments and end anchorages groups were
found to be greater among the two. Embossments play a vital role in increasing the longitudinal shear capacity of
slabs.

NamdeoAdkujiHedaoo et al [17] casted a total of 18 full-scale composite slab specimen and tested to determine
(1) the structural behavior and (2) the load carrying capacity. For partial shear connection method, analysis is based
on actual measured strengths, and hence, it indicates a very less difference between actual failure load and design
load. The m-k method results are weaker than the experimental method by 43%. This difference occurred since the
design load values for m-k method are based on regression values reduced by 10% and the use of yvs of 1.25.From
the design perspective of the composite slabs, partial shear connection method will give optimum design as
compared to m-k method.

Gholamhoseini, [19] studied the longitudinal shear capacity of four types (two trapezoidal and two reentrant ) of
profiled decking that are widely used in Australia experimentally by using full scale load tests. The ultimate shear
stress for each type of slab tested at shear span of (L/6) was greater than that obtained when the shear span was
(L/4).A finite element model utilizing interface elements to model the bond properties between steel decking and
concrete slab is described and used to investigate the behavior of the slabs throughout the full range of loading.

III. METHODOLOGY

Detailed study on materials used for the research and their properties were carried out. The cement, fine aggregate,
coarse aggregate, water tested for its basic properties, which facilitates in arriving the mix proportion of concrete to be
used. Basic characteristics of steel deck, embossments and reinforcing bars are also studied. Down scaled conventional
slab was designed according to IS code 456-2000, while the composite metal deck slab was designed with European
Code 4’s (EC4) m-k method. Conventional slab and the composite deck both has the same dimension of 150 (D) x 500
(L) x 500(W) mm. The reinforcement used was 8mm dia bars with 100 mm spacing. Concrete grade M25 was used for
the slab tests which obtained from mix design. Specimens were casted and after 28 days when the slabs were ready for
testing after having reached their final strength, the tests were carried out on a loading frame having capacity 150 kN.
One point loading test was performed to obtain the flexural strength and load carrying capacity of the conventional
and composite slab.

IV. EXPERIMENTAL RESULTS
Problem Statement
Casting of conventional reinforced concrete slab and composite profiled steel deck slab and testing under single point
loading to obtain the flexural strength and load carrying capacity of the two slabs. Compare the results in the form of
tabular and graphical representations to achieve the objectives by using trapezoidal galvanized steel profiled decking of
1.5mm thickness, 60 mm height,and M25grade of concrete.

Mix Design Results.

Mix design calculated by referring 1S456:2000 for M25 grade of concrete and calculated material quantity which is
given in table 1.
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Table 1. Mix Design Ingredient Quantity

S. No. Materials Quantity (kg/m’®)
1 Cement 425
2 Water 153
3 20mm Aggregate 765
4 10 mm Aggregate 546
5 Crushed Sand 721.7
6 Admixture 3.40

Test preparation and set-up for slabs

The steel deck pieces were cut to the suggested size using a metal grinder. The formwork system for the specimens was
made from plywood. The plywood was cut accurately to obtain 500x500x150 mm size. Specimens were casted and
tested after curing of 28 days. Slabs were simply supported and a spreader beam was placed in the middle of the slab in
order to create an equal line load along the width of the slab. The loading was applied to the slab in deflection control
and maximum load was recorded. Also the end slip for the composite slab was observed. Figure la and 1b shows
galvanised steel deck used for the study and testing arrangement for the specimens respectively.

The test results are shown in the table 2. And Figure 2 shows the Load vs. Deflection Curve.

Figure 1b Testing of Specimen
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V. RESULTS AND DISCUSSIONS
Obtained results by experimental study are discussed here.
5.1 Load-Deflection profile of Conventional and Composite Slab
The comparison between load carrying capacity, total deflection and flexure strength of normal concrete slab and
composite steel deck slab in experimental investigation is done. Table 2 and Fig. 2 exhibits the overall combined

results and load (kN) against deflection (mm) curve of the two specimens respectively.

Table 2Comparison of results for conventional and composite slabs

. Load carrying capacity Flexure Deflection
Sr.No Specimen (kN) N/mm? (mm)
1 Conventional slab 74.4 5.16 38.1
2 Composite slab 106.4 7.24 13.1

Graph of combined results

13.1 mm , 106.4 kN

38.1 mm , 74.4 kN

Load (kN)

—Composite Slab

—Conventional Slab

(1} 4 8 1z 16 z0 24 bt} 32 36 40
Deflection {(mm)

Figure 2 Load vs. Deflection Curve

Different behaviours shown between the specimens as specimens yielded and along plastic zone. As it is clearly seen
from the table 2 above composite slab has the higher yield flexural capacity i.e. 7.24 N/mm’ as compared to
conventional slab with 5.16 N/mm®. This simply indicates that flexural capacity of composite slab is higher than
conventional slab by 40.3%.In addition, Fig. 2 shows that the conventional slab has the largest ultimate deflection 38.1
mm while composite slab has the smallest ultimate deflection 13.1 mm, this shows a decrease in deflection when
comparing conventional to composite slab.

Also, composite metal deck does have a higher capability to withstand larger loading with little cracks. Load carrying
capacity of the composite slab is 43.0% higher than conventional slabs. Composite metal deck with metal deck profile
has higher serviceability.

5.2 Cracking pattern and mode of failure

Conventional slab failed by typical flexural failure at the middle of the slab below the loading point as shown in Fig. 3
(a). It is noticed that the crack happened very near to the loading point and the crack line continues to develop across
the width of the slab while the load is increased gradually. The first flexural crack happened at 33.76.0 kN with the
deflection of 6.33 mm at mid-span of the slab near to the concentrated loading point.The flexural cracks were then
followed by crushing of concrete. Finally, the specimen failed at 74.37 kN.
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Figure 3a Cracking pattern of conventional slab

On the other hand, the failure modes of composite slab can be categorized into 2 major modes under loading as shown
in Fig. 3b which are flexural failure at mid span and bond or longitudinal slip failure. A bond failure results in slippage
between the concrete and the metal deck, which can result in cancellation of the compositeactions at interface. In
flexural failure mode, the full steel section can yield in tension before the crushing of concrete in the upper section.

Figure 3b Cracking pattern of composite slab

VI. CONCLUSION

This research investigated the flexural strength behaviour of two different slabs, i.e. conventional slab and composite
steel deck slab. In comparison with conventional slab, combining with steel sheet profile effectively increases the
ultimate load capacity (increase of 43.0%) and ductility of the conventional slab remarkably. Besides, compared to the
conventional slab with the same slab thickness, steel sheet profile allows the slab to withstand higherultimate load
under longer period of loading time. Moreover, the test results indicated that composite metal decks exhibited less
deflection, higher ultimate load and ductility compared to the conventional slab. This suggested that composite metal
decks show higher serviceability as compared to conventional slab. In general, the composite metal deck has flexural
performance (40.0%) superior to that of the conventional slab.

REFERENCES

[1] M. Crisinel, F. Marimon “A new simplified method for the design of composite slabs”, Journal of Constructional
Steel Research, (2004) Vol. 60 , pp. 481-491

[2] R. Johnson. “Models for longitudinal shear resistance of composite slab and the use of non-standard test data”,
Composite construction in steel and concrete, (2006) pp.157-165

[3] M. Ferrer, F. Marimon, M. Crisinel “Designing cold-formed steel sheets for composite slabs: An experimentally
validated FEM approach to slip failure mechanics”, Thin-Walled Structures, (2006) Vol. 44, pp. 1261-1271 16.

IJIRSET © 2022 |  AnISO 9001:2008 Certified Journal | 10802


http://www.ijirset.com/

International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

-
ﬂ’)‘%ﬁ | e-ISSN: 2319-8753, p-ISSN: 2320-6710| www.ijirset.com | Impact Factor: 8.118|

IJ I n s ET [[Volume 11, Issue 8, August 2022||

| DOI:10.15680/IJIRSET.2022.1108055 |

[4] R. Abdullah, P. Cole, S. Easterling “Quasi-Static Analysis Of Composite Slab” , Malaysian Journal of Civil
Engineering, (2007) Vol.19 (2),pp.1-13

[5] Easterling, W. S. “New evaluation and modeling procedure for horizontal shear bond in composite slabs”, Journal
Of Constructional Steel Research, (2009)Vol. 65 pp. 891-899

[6] Japan U. Shah, Prof. Merool D. Vakil “Parametric study of Composite Slab Using Finite Element Analysis”,
International Journal of Futuristic Trends in Engineering and Technology ISSN: 2348-5264 (Print), ISSN: 2348-
4071

[71 H. D. Wright, H. R. Evans and P. W. Harding “The Use of Profiled Steel Sheeting in Floor Construction”, Journal
of Constructional Steel Research, 7 (1987) 279-295.

[8] W.SamuelEasterling, CraigS.Young, Associate Members, ASCE “Strength of composite slabs”,JJournal of
Structural Engineering, 1992.118:2370-2389.

[9] PenttiMa“kela“inen, Ye Sun “The longitudinal shear behaviour of a new steel sheeting profile for composite floor
slabs”Journal of Constructional Steel Research, 49 (1999) 117-128.

[10]Matthew J. Burnet, Deric J. Oehlers, “Rib shear connectors in composite profiled slabs”,Journal of Constructional
Steel Research 57 (2001) 1267— 1287.

[11]S. Chen, “Load carrying capacity of composite slabs with various end constraints”Journal of Constructional Steel
Research, 59 (2003) 385-403

[12]E. Lopes and R. Simoes “Experimental and analytical behaviour of composite slabs Steel Composite Structures”,
(2008) Vol 8,No.5,pp. 361-388

[13]S. Chen, X. Shi, and Z. Qiu “Shear bond failure in composite slabs— a detailed experimental study” , Steel and
Composite Structures, (2011) Vol. 11, No. 3, pp.233-250

[14]]. Holomek, M. Bajer “Experimental and Numerical Investigation of Composite Action of Steel Concrete Slab” ,
Procedia Engineering ,No. 40, (2012) pp. 143 — 147 36.

[15] K. Lakshmikandhan, P. Sivakumar, R. Ravichandran, and S. Jayachandran “Investigations on Efficiently Interfaced
Steel Concrete Composite Deck Slabs”, Journal of Structures , (2013) pp. 1-10

[16]Baskar. R, “Experimental and Numerical Studies on Composite Deck Slabs”, International Journal of Engineering
and Technology, July, 2012

[17]Namdeo Adkuji Hedaoo, Laxmikant Madanmanohar Gupta and Girish Narayanrao Ronghe, “Design of composite
slabs with profiled steel decking: a comparison between experimental and analytical studies”

[18] K.N. Lakshmikandhan P. Sivakumar, R. Ravichandran, and S. Arul Jayachandran “Investigations on Efficiently
Interfaced Steel Concrete Composite Deck Slabs”, Journal of Structures,Volume 2013, Article ID

[19] Gholamhoseini, R.I. Gilbert, M.A. Bradford, Z.T. Chang, “Longitudinal shear stress and bond-slip relationships in
composite concrete 8 Ms. R.Sangeetha, et al slabs”,Engineering Structures, 69 (2014) 37—48 (Online) Vol. 1 (03),
2014

[20]EN 1994-1-1 (2004), Euro Standards, Design of composite steel and concrete structures,Section-9, Composite slabs
with profiled steel sheeting for buildings

[21]BS:5950 (1994), Structural use of steelwork in building. Part 4: Code of practice for design of composite slabs with
profiled sheeting

[22] American National standard Institute/Steel Deck Institute C-2011 (2011), Composite steel floor Deck-slabs

[23]1S:11384-(1985), Code of Practice for Composite construction in Structural steel and concrete

[24]1S: 456-(2000), Code of practice for plain and reinforced concrete

IJIRSET © 2022 |  AnISO 9001:2008 Certified Journal | 10803


http://www.ijirset.com/

INTERNATIONAL 9»‘

INNO@SPACE d ' STANDARD b pil 3
- SERIAL wisr 0
SIF Scientific Journal lmpact ¥ P 3 \
P wd sref NUMBER &%}r Ty

Cross . frabaz

Impact Factor: 8.118 INDIA

INTERNATIONAL JOURNAL
OF INNOVATIVE RESEARCH

IN SCIENCE | ENGINEERING | TECHNOLOGY

NISCAIR

[ 9340 572 462 (&) 6381 907 438 [ ijirset@gmail.com [ T

www.ijirset.com



