	                                                     Chapter 5, RC Slabs



                                    Chapter Five

                               One-way RC Slabs 

 Introduction

A reinforced concrete slab is a broad, flat plate, usually horizontal, with top and bottom surfaces parallel or nearly so. It is used to provide flat surfaces mainly for roofs and floors of buildings, parking lots, air fields, roadways …etc. It may be supported by reinforced concrete beams (and is poured monolithically with such beams), by masonry or reinforced concrete walls, by structural steel members, directly by columns, or continuously by the ground.
Classification: - Beam supported slabs may be classified as:-
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One-way slabs – main reinforcement in each element runs in one direction only. (Ly/Lx >2). There are two types- one way solid slabs and one way ribbed slabs.

2. Two – way slabs – main reinforcement runs in both direction where ratio of long to short span is less than two.  (Ly/Lx < 2)

Others include flat slabs, flat plates, two way ribbed or grid slabs etc.

 Analysis of one-way solid slabs

They are considered as rectangular beams of comparatively large ratio of width to depth and ratio of longer span to width (short span) is greater than two.


When  Ll / Ls  >  2, about 90% or more of the total load is carried by the short span, i.e., bending takes place in the direction of the shorter span.

The analysis is than carried out by assuming a beam of unit width with a depth equal to the thickness of the slab and span equal to the distance between supports (in the short direction). The strip may be analyzed in the same way as singly reinforced rectangular sections.

· Load per unit area on the slab would be the load per unit length on this imaginary beam of unit width.

· As the loads being transmitted to the supporting beams, all reinforcement shall be placed at right angles to these beams. However some additional bars may be placed in the other direction to carry temperature and shrinkage stresses.

Generally the design consists of selecting a slab thickness for deflection requirement and flexural design is carried out by considering the slab as series of rectangular beams side by side.

Remark:- 

· The ratio of steel in a slab can be determined by dividing the sectional area of one bar by the area of concrete between two successive bars, the latter area being the product of the depth to the center of the bars and the distance between them, center to center.
· Unless condition warrant some change, cover to reinforcement is 15 mm.

· The following minimum slab thicknesses shall be adopted in design:
a) 60mm for slabs not exposed to concentrated loads (eg. Inaccessible roofs).
b) 80mm for slabs exposed mainly to distributed loads.
c) 100mm for slabs exposed to light moving concentrated loads (eg. slabs accessible to light moving vehicles).

d) 120mm for slabs exposed to heavy dynamic moving loads (eg. slabs accessible to heavy vehicles).
e) 150mm for slabs on point supports (eg. flat slabs).

· Flexural reinforcements should fulfill the following minimum criteria:
a) The ratio of the secondary reinforcement to the main reinforcement shall be at least equal to 0.2.
b) The geometrical ratio of main reinforcement in a slab shall not be less than:     
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c) The spacing between main bars for slabs shall not exceed the smaller of 2h or 350mm.
d) The spacing between secondary bars (in a direction ( to the main bars) shall not exceed 400mm.

   Analysis and Design of one way Ribbed Slab

In one way ribbed slab, the supporting beams called joists or ribs are closely spaced. The ribbed floor is formed using temporary or permanent shuttering (formwork) while the hollow block floor is generally constructed with blocks made of clay tile or with concrete containing a light weight aggregate.  This type of floor is economical for buildings where there are long spans and light or moderate live loads such as in hospitals and apartment buildings.

General Requirements:

Minimum slab thickness

To ensure adequate stiffness against bending and torsion and to allow ribbed slabs to be treated as solid slabs for the purpose of analysis, EBCS-2 recommends that the following restrictions on size are satisfied:

· Ribs shall not be less than 70mm in width; and shall have a depth, excluding any topping of not more than 4 times the minimum width of the rib. The rib spacing shall not exceed 1.0m

· Thickness of topping shall not be less than 50mm, nor less than 
[image: image2.wmf]10

1

 the clear distance between ribs. In the case of ribbed slabs incorporating permanent blocks, the lower limit of 50mm may be reduced to 40mm. 


Minimum Reinforcement

· The topping shall be provided with a reinforcement mesh providing in each direction a cross-sectional area not less than 0.001 of the section of the slab.

· The breadth of ribs may be governed by shear strength requirements. The method proposed in the ISE manual for the estimation of rib breadths limits the shear stress in the rib to 0.6 N/mm2 for concretes with characteristic cylinder strength of 25 N/mm2 or more. The required breadth is given by:     

                                               b = 
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Where V is the maximum shear force in Newton’s on the rib considered as simply supported and d is the effective depth in millimeters. For characteristic cylinder strengths less than 25 MPa, the breadth should be increased in proportion.

· If the rib spacing exceeds 1.0m, the topping shall be designed as a slab resting on ribs, considering load concentrations, if any.

· The function of the flanges with the web shall be checked for longitudinal shear.

· The ultimate limit state in longitudinal shear is governed either by the effect of inclined flange compression (acting parallel to its middle plane) or by tension in the transverse reinforcement.

· The longitudinal shear per unit length vsd, which may be obtained as a function of the applied transverse shear Vsd :

(a) For flange in compression :

                    vsd = 
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(b) For flange in tension.

                    vsd = 
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Where: Vsd – applied transverse shear.


  Vsd - longitudinal shear per unit length.

              be – effective width of a T-section.

              z - Internal lever arm.

             As – area of the longitudinal steel in the effective flanges outside the projection of           

                     Web into the slab.

             Asw – area of the longitudinal steel inside the slab within the projection of the 

                       web into the slab.

· Resistance to longitudinal shear.

(a) Resistance to inclined compression per unit length vRd1
                            vRd1 = 0.25 fcd hf
      Where : hf = total thickness of the flange.

(b) Resistance to diagonal tension per unit length vRd2
                            vRd2 = 0.50 fctd hf + 
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     Where : Asf = area of transverse reinforcement per unit length , perpendicular to             

                            the web-flange interface.

· If, at the section with M = Mmax , the flange is subjected  to a tensile force, the concrete contribution 0.50 fctd hf  ( in the above equation) should be neglected.


· Because joists are closely spaced, thickness of slab (topping),
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· Unless calculation requires for rib spacing larger than 1m, toppings or slabs are provided with mesh reinforcement of 0.001 bD in both directions for temperature and shrinkage problem.
· Unless calculation requires, min reinforcement to be provided for joists includes two bars, where one is bent near the support and the other straight.

· Rib  with  bw  >  70mm, and overall depth  Dj < 4 bw, joist + tslab
· Rib spacing is generally less than 1m.

· In case of ribbed spacing larger than 1m, the topping (slab) need to be design as if supported on ribs.  (i.e. As one way solid slab between the ribs).

· If the span of the ribs exceeds 6m, transverse ribs may be provided, as the thickness of the topping will be larger.

· The girder supporting the joist may be rectangular or T-beam with the flange thickness equal to the floor thickness.

Procedure of Design of a floor system of ribbed Slab

1. Thickness of toppings and ribs assumed based on min requirement.

2. Loads may be computed on the basis of center line of the spacing of joists.

3.       The joists are analyzed as regular continuous T-beams supported by girders.

4. Shear reinforcement shall not be provided in the narrow web of joist thus a check for the  section capacity against shear is carried out. The shear capacity may be approximated as: 1.1 Vc  of regular rectangular sections.

5. Determine flexural reinforcement and consider min provision in the final solution.

6. Provide the topping or slab with reinforcement as per temp and shrinkage requirement.

7. Design the girder as a beam.
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Fig.  Ribbed slab 
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Figure :- Forces on ribbed slab
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