Concrete Design

Formwork

All formwork shall be of sufficient strength to carry all construction loads and the joints shall be sufficiently tight to prevent leakage of mortar.

Inspection and cleaning of formwork

Adequate space shall be provided in the forms of columns, walls or deep beams to enable inspection and cleaning. All loose material must be removed.

Removal of formwork.

Formwork may only be removed when the structure has developed enough strength to maintain the integrity of the structure. Cube tests are used to determine the concrete strength. The minimum period that shall elapse between mixing of the concrete and the removal of forms and shoring shall be as follows:

	1
	2
	3

	Positioning of shuttering
	Minimum time, days, before stripping

	
	When using ordinary port-land cement
	Use using rapid-hardening Portland cement

	Sides of beams, columns, and walls
	3
	2

	Soffits of slabs
	10
	5

	Soffits of beams
	21
	10

	
	
	


These times shall be increased by the time during which no concrete may be placed; such as during times of falling temperature and extremely cold weather.

Concrete Structural Systems

[image: image1.png]Column

Floor slab

End
A x Spandrel
beam
Main Beam\ \IJ ¢

Cross Beam

B E Lower
ars Column

Foundation
(footing)





Typical Beam/column/slab

Floor slabs

Transmit live loads as well as stationary dead loads to the horizontal beams, which are part of the frame. Slabs do this in bending and shear.

Beams

Transmit loads from the slabs to the vertical columns in bending and shear.

Columns

Columns carry all vertical loads to the foundations in compression. There may be bending moments as a result of the frame action.

Foundations

Carry all vertical loads to the soil. Vertical loads include all dead load and live loads.

Slabs:

Slabs may be simply supported and span in one or two directions.
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Simply Supported Slab Spanning In One Direction

In this case one would look at a 1 m wide strip. The bending moment in the middle (maximum) and the shear force at the supports (Maximum) would be 
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. Typical thickness of the slab would be span/20 – span/25.
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Concrete Slab Supported on Four Sides.

If Ly/Lx < 2 the slab spans in two directions as shown in the sketch

If Ly/Lx > 2 the slab spans only in the shorter direction.

The span direction will determine the bending moment in that direction as well as the vertical load that is transferred to the supports. The following table gives the proportion of the bending moment for various Ly/Lx values.
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	Ly/Lx
	1,0
	1,1
	1,2
	1,3
	1,4
	1,5
	1,75
	2,0
	2,5
	3,0

	X
	0,062
	0,074
	0,084
	0,093
	0,099
	0,104
	0,133
	0,118
	0,122
	0,124

	Y
	0,062
	0,061
	0,059
	0,055
	0,051
	0,046
	0,037
	0,029
	0,020
	0,014


Table: Bending moment coefficients for slabs spanning in two directions at right angles, simply supported on four sides.

These values are based on a unit wide strip in both directions that are bound to the same deflection.

Typical thickness of slab that spans in two directions would be, Span/30 and as the Ly/Lx proportion gets bigger it would tend towards Span/25.
One-Way Continuous Slabs And Beams

The following sketches show some one-way spanning continuous slabs and beams.
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Beams and girders
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T-beam and slab


One-way joist and girder

One-way structural systems

Remember that restraints may be provided by the edge beams:
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Restraint offered by edge beams

Continuous Flooring Systems

The beam system may be one-way but the floor slab may be continuous.
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Two-way Spanning Slabs
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Columns:
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Footings:
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Wall Types
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For shallower depths and heavy loads, deflection calculations may be required.




Materials

Introduction

Freshly mixed concrete is a combination of aggregates (inert material) and a paste of Portland cement and water. The aggregates used are generally sand and gravel or crushed stone. The aggregates have no cementing value of their own and serve purely as a filler. The final quality of the concrete depends on how effectively the hardened paste binds the aggregate together.

Desirable Properties of Fresh or Plastic Concrete.

The concrete must have the correct consistency or slump

The concrete must be uniform, i.e., it must be mixed thoroughly

The concrete must be workable so that t can be placed and consolidated, removing all air pockets.

Desirable Properties of Hardened Concrete.

The concrete should be durable, strong, watertight and resistant to abrasion. All these properties are influenced by the quality of the cement paste and the aggregate.

Variable that Influence the Strength

Water-Cement Ratio
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Aggregate Gradation
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Bad gradation of aggregate
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