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ABSTRACT :  Composite construction aims to make each material perform the function it is best at. Most of the western countries consistently utilize composite constructions. Out of which cold formed steel –concrete profile deck is an integral component. By such construction most effective utilization of steel and concrete can be achieved and sustainable slab system can be formed. The current trend in most of the advanced countries is primarily based on steel or steel-concrete composite construction, whereas in India RCC and PSC design options are predominantly employed. It is yet to be covered in Indian standards. This paper aims to study flexural behavior of cold formed steel concrete composite slab in using different codes. In present work, flexural capacity of composite slab for given geometry is calculated using two different standards i.e. EURO CODE, INDIAN standards. For Indian standard stress block diagram of concrete and steel as per IS: 456(2000) is used to find moment carrying capacity. Also same profile shape and different profile thickness is compared for moment using both the standards. Comparison shows that partial safety factor and stress block pattern governs the flexural capacity.
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1. INTRODUCTION
Composite slab with profile sheeting and concrete is widely used for multi-storey buildings construction It is the advanced method of casting concrete slab with profile sheeting used in tensile zone. This was begun in 1962 and now become popularized and used throughout the world. Cold formed steel as a profile gives higher strength stiffness ratio as compared to hot rolled steel. The cross-sectional area of steel sheeting (profile sheeting) that is needed for the construction phase often provides more than enough reinforcement for composite slab. The deck of steel sheeting not only provides the support for wet concrete but also become an integral part of the composite slab. Hence, with the overlap of knowledge of different engineering properties of different material most effective deck design technology is achieved. Composite flooring results in faster construction, lighter floors and rational use of construction materials. The thin sheeting is extremely light and hence can be transported conveniently, and handled and placed easily by the construction personnel. The main advantage of composite slab is to reduce the weight of steel and volume of concrete. For the steel deck and concrete to act compositely, a mechanical interlocking is needed. This is provided essentially by various ‘shear transferring devices’ such as rolled embossments, transverse wires, holes etc. One of the efficient ways of achieving the interlocking between the steel deck and concrete is by means of embossments on the profiled steel sheeting.
2. DESIGN GUIDE LINES 
As Indian code does not cover profile deck design,  lines for   geometry and dimensions are taken as per Euro code.
Euro code nomenclature

Euro code EN1994-1-1 (2004) refers to following nomenclature.

I. Ncf-Compressive force in concrete

II. Npa-Yield force in steel

III. Ap-Effective area per meter width

IV. t –thickness of profile

V. Fyp-Yield strength of steel

VI. γap-Partial safety factor for profile
VII. γc--Partial safety factor for concrete

VIII. X-Depth of neutral axis

IX. hc-height of concrete

X. h or ht-Overall depth of the slab

XI. e- centroidal axis of profile

XII. dp- Depth of centroidal axis

XIII. ep-Plastic neutral axis

XIV. bo-effective width

Euro code general specifications
Euro code EN1994-1-1 (2004) refers to following specifications. 

I. Composite floor slabs spanning only in the direction of the ribs should be considered..

II. The code applies to designs for building structures where the imposed loads are predominantly static, including industrial buildings where floors may be subject to moving loads.

III. The design scope is restricted to sheets with narrowly spaced webs having  br / bs is less than 0.4,as per figure.1.
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 Figure 1.Geometry of open through (Trapezoidal) profile

Euro code slab dimension specifications
I. The overall depth of the composite slab h shall be not less than 80 mm. 
II. The thickness of concrete hc above the main flat surface of the top of the ribs of the sheeting shall be not less than 40 mm.

III. Transverse and longitudinal reinforcement shall be provided within the depth hc of the concrete.

IV. The amount of reinforcement in both directions should be not less than 80 mm2/m. The spacing of the reinforcement bars should not exceed 2h and 350 mm, whichever is the lesser.

 3. GEOMETRY OF THE SLAB
Trapezoidal profile deck as per Euro code specifications is used for the study. Thickness for first case is considered as 1 mm. For comparisons other design data are assumed. The geometry of deck is given in figure.2.
I. Type=Simply supported one way slab

II. Over all thickness of slab ht=100 mm

III. Thickness of concrete hc=75 mm

IV. Diameter of transverse reinforcement=6 mm

V. Spacing of reinforcement in both direction=200 mm

VI. The thickness of stainless steel profile =1 mm

VII. Yield strength of profiled sheeting fyp  =220 N/mm2
VIII. Characteristic strength of concrete fck=20 N/mm2
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Figure 2. Dimension of Trapezoidal(Open  hrough) profile deck

4. CALCULATION OF FLEXURAL STRENGTH OF COMPOSITE SLAB BY EURO CODE.
Full bond is assumed between concrete and steel. As per Euro code 4, the slab analysed for bending capacity. The analysis of the bending capacity of the slab is carried out as though the slab was of reinforced concrete with the steel deck acting as reinforcement. 
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Figure 3. Stress distribution for sagging bending if the neural axis is above the steel sheeting (Euro standards)
Full shear connection, the compressive force Ncf in concrete is equal to steel yield force Npa.Area of a profile is then calculated for 1000 mm width.
Ncf=Npa=ApFyp/ γap   = 1152*0.22/1.25

Ncf=202.75 kN
For depth of Neutral axis,equating Compressive force and tensile force

X = Ncf/b(0.453fck)

    =( 202.75*1000)/(1000*0.453*20)
X =22.37 mm 
In this case hc=75 mm so X<hc

Neutral axis lies above the profile
 Moment carrying Capacity=Compressive force*lever arm

Mprd =Ncf(dp-0.5X)
           =202.5(0.0875-(0.5*0.02237))

Mprd =15.45kN.m

   5. CALCULATION OF FLEXURAL STRENGTH OF COMPOSITE SLAB BY INDIAN STANDARDS     

In composite slab with profile steel sheeting, there is no codal provision for analysis of composite deck. For the analysis stress block for reinforced cement concrete as per IS-456-2000 is used. Partial safety factor for steel is considered as 1.15.  The analysis of the bending capacity of the slab is carried out as though the slab was of reinforced concrete with the steel deck acting as reinforcement [image: image4.png]aplhe

It

centroidal axis of profiled
steel sheeting




Figure 4. Stress distribution for sagging bending if the neural axis is above the steel sheeting (Indian standards)

Ncf =Npa =ApFyp/ γap

                  = 1152*0.22/1.15

Ncf=220.38 kN

Depth of Neutral axis

Equating Compressive force and tensile force

X = Ncf/b(0.36fck)

    = (220.38*1000)/(1000*0.36*20)

X = 30.60 mm

In this case hc=75 mm so X<hc

Neutral axis lies above the profile

So Moment carrying Capacity=Compressive force*lever arm

Mprd=Ncf(dp-0.42X)

          =220.38(0.0875-(0.42*0.0306))

Mprd =16.45 kN.m

6. ANALYTICAL COMPARISON
Moment carrying capacity is calculated considering two different standards for a particular geometry. The results of which is shown in table I .

I. Comparison between Euro and Indian standards for 1 mm thickness   

	Sr no
	Standards
	Neutral axis from top of the concrete
	Moment capacity

	
	
	X(mm)
	Mp,rd(kN.m)

	1
	Euro
	22.37
	15.45

	2
	Indian
	30.61
	16.45


6. PROFILE DECK WITH VARYING THICKNESS
Analysis is also made considering same profile shape and same material strength for varying thickness, which is listed in table II.
II. Constant profile shape and varying thickness

	t(mm)
	Ap(mm2)
	As per Euro std.
	As per Indian std.

	
	
	Neutral axis

X(mm)
	Mp,rd

(kN.m)
	Neutral axis

X(mm)
	Mp,rd

(kN.m)

	1
	1152.2
	22.38
	15.47
	30.61
	16.45

	0.9
	1036.98
	20.14
	14.13
	27.55
	15.06

	0.8
	921.76
	17.91
	12.74
	24.49
	13.61

	0.7
	806.54
	15.67
	11.31
	21.430
	12.11


Moment carring capacity:Euro Vs Indian Standards
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Depth of Neutral axis: Euro Vs Indian Standards
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7. CONCLUSIONS
Comparison is made between Euro code and Indian standard of flexural capacity. Euro code assumes rectangular stress block where as for Indian standards partly parabolic and partly rectangular stress block is used.  The results of moment carrying capacity are nearer for both the standards. But the distance of neutral axis shows variation because of value of partial safety factor for steel and shape of stress block. Moreover the difference in moment carrying capacity decreases with decrease in thickness. 
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