[image: image1.jpg]



Good gradation of aggregate

Concrete properties such as relative proportions, workability, economy, porosity and shrinkage are affected by the grading and maximum size of the aggregate used.

Air Entrainment

The entrainment of air in concrete improves the resistance of the concrete to the adverse effects of freeze/thaw cycles. In addition, the ability of concrete to withstand the damaging effects of various deicing chemicals is improved. This resistance is particularly desirable in situations where the concrete is expected to be saturated with water.

Materials for the Production of Structural Concrete.

Introduction

Structural concrete is a combination of selected aggregate and a binding material obtained from a mixture of cement and water. Reinforcement in the form of round bars is placed in the concrete to improve the tensile properties of the concrete.

Cement

Portland cement is finely ground material consisting of compounds of lime, silica, alumina and iron. When mixed with water it forms a paste that hardens and binds the aggregate together.

Setting an Hardening

When cement is mixed with water a paste is formed which first sets and then hardens. The setting and hardening are due to the chemical reaction between the cement and water called hydration. If the concrete is kept moist, the hydration reaction will continue for years and the concrete will become progressively stronger and more durable.

Mixing Water for Concrete – How Impure can it be.

Generally if the water is clean enough to drink and has no pronounced taste or odour, it is clean enough to be used.

Aggregates for Concrete.

Sand, gravel and crushed stone are the aggregates most commonly used in concrete to provide volume at low cost. Since aggregates make up to about 60 to 80% of the volume of concrete, they can be called a filler material.

The aggregates should have the required strength and resistance to exposure conditions, i.e. abrasion, weathering etc. They should also not contain any dirt, clay, coal or organic material.

Reinforcement for Concrete

Round steel bars are generally used to reinforce concrete. The bars may be smooth or deformed to improve the bond between the steel and the concrete. Mild steel bars with a yield stress of 300 MPa are usually smooth whereas high tensile bars with a yield stress of 450 MPa are generally deformed. 

Mild steel bars are denoted by having an R in front of the bar number and high tensile by a Y.

The following table gives standard sizes and cross-sectional areas of bars.

	Bar size (mm)
	Number of bars

	
	1 
	2 
	3 
	4 
	5 
	6 
	7 
	8 
	9 
	10 

	6
	28.3 
	56.5 
	84.8 
	113.1 
	141.4 
	169.6 
	197.9 
	226.2 
	254.5 
	282.7 

	8
	50.3 
	100.5 
	150.8 
	201.1 
	251.3 
	301.6 
	351.9 
	402.1 
	452.4 
	502.7 

	10
	78.5 
	157.1 
	235.6 
	314.2 
	392.7 
	471.2 
	549.8 
	628.3 
	706.9 
	785.4 

	12
	113.1 
	226.2 
	339.3 
	452.4 
	565.5 
	678.6 
	791.7 
	904.8 
	1017.9 
	1131.0 

	16
	201.1 
	402.1 
	603.2 
	804.2 
	1005.3 
	1206.4 
	1407.4 
	1608.5 
	1809.6 
	2010.6 

	20
	314.2 
	628.3 
	942.5 
	1256.6 
	1570.8 
	1885.0 
	2199.1 
	2513.3 
	2827.4 
	3141.6 

	25
	490.9 
	981.7 
	1472.6 
	1963.5 
	2454.4 
	2945.2 
	3436.1 
	3927.0 
	4417.9 
	4908.7 

	32
	804.2 
	1608.5 
	2412.7 
	3217.0 
	4021.2 
	4825.5 
	5629.7 
	6434.0 
	7238.2 
	8042.5 

	
	
	
	
	
	
	
	
	
	
	


Application of Different Grades (Strengths) of Concrete

	Grade
	Lowest Grade for Use Specified

	
	

	7

10
	Plain Concrete of un-reinforced foundations and fill

	15
	Reinforced concrete with light-weight aggregate

	20

25
	Reinforced concrete with dense aggregate

	30
	Concrete with post-tensioned tendons

	40

50

60
	Concrete with pre-tensioned tendons


Table: Grades of Concrete and their uses.

Reinforcing Details

Concrete Cover

Concrete protects the steel reinforcement from corrosion by the environment. Greater cover may be required to protect the steel from fire.
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	Nominal Cover (mm)

	Condition of exposure
	20 MPa
	25 MPa
	30 MPa
	40 MPa
	50 or over

	Mild: Completely protected against weather or aggressive conditions, except for a brief period of exposure
	25
	20
	15
	15
	15

	Moderate: Sheltered from severe rain and against freezing whist saturated with water. Buried concrete continuously under water
	-
	40
	30
	25


	20

	Severe: Exposed to driving rain, alternate wetting and drying and freezing whist wet. Subject to heavy condensation or corrosive fumes
	-
	50
	40
	30
	25

	Very Severe: Exposed to sea water or moorland water and abrasion
	-
	-
	-
	60
	50

	Subject to salt for de-icing
	-
	-
	50*
	40*
	25

	
	
	
	
	
	


Nominal cover to reinforcement.

Reinforcement Spacing

Ensure that the spacing is such that the concrete flows easily between the bars. For example the minimum clear spacing between parallel bars on one layer and another should not be less than the bar diameter or 25 mm. The largest aggregate should not be greater than 75% of the clear space between bars.

Crack Control

Concrete has a low tensile strength and will be inclined to crack at low stress. Cracks are inevitable but their size must be restricted. Cracks reduce the effectiveness of concrete cover and decrease the stiffness and shear resistance of the member. Longitudinal reinforcement cannot eliminate cracks but will reduce the width while increasing the number giving small but closely spaced cracks.

Three types of cracks occur namely, shrinkage cracks, temperature induced cracks and flexural cracks.

Shrinkage and temperature cracks

In one-way slabs reinforcement is placed vertical to the main reinforcement to prevent shrinkage and temperature cracks.

Flexural cracks

Since steel and concrete are bonded in a reinforced concrete structure, the deformations are the same. Crack widths due to the flexure are therefore a function of the stress in the steel and the spacing of the bars. To minimize the width of the flexural cracks, the stresses in the bars and their spacing must be as small as possible.

Anchorage and Development of Stress in Bars

We assume that all bars are bonded so that no slip occurs between the concrete and the steel. Between the steel and the concrete a stress will develop and this is called the bond stress. 

Consider the horizontal equilibrium in the following sketch:
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The bar has a cross-sectional area Ab and a stress of fs is developed. This must be in equilibrium with the forces induced in the bond. The bond stresses are = u and the shear area is the circumference times the bond length l. One would like to ensure that the bond does not break before the steel bar yields. If the maximum bond stress is umax, then:
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The required bond length is then:
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Arrangement of Reinforcement in Typical Concrete Members

Simple Beams and Slabs

Simply supported slab:
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Curtailment of tension steel in simply supported slab construction.
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Curtailment of steel in beam and slab construction.
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Typical steel detail for concrete beam.

Reinforced Concrete Design

Assumptions

Concrete has no tensile resistance

The reinforcing resists all the tensile forces.

Maximum tensile stress in the steel: 
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The characteristic cube stress of the concrete = fcu and the compressive stress in the concrete = 0,4 fcu
The maximum neutral axis depth (dn) is limited to 0,5 d.

The internal moments are in equilibrium with the external moments.

Resistance moment (Mr) of a singly reinforced concrete beam or slab.
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A partial material factor of 1,15 is applied to the steel and 1,5 to the concrete.

The following formula may be derived:

Resistance moment of the concrete in the compression zone:

Take moments about the tension zone, i.e., centroid of the tensile steel.
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Assume a practical limit for the maximum: maximum dn = 0,5 d
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The resistance moment of the tensile zone:

Take moments about the centroid of the compression zone.
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Neutral axis depth and lever arm with known beam section details:

Note that b, d and As are known.

Horizontal equilibrium of forces:

Fc = Ft
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The lever arm z
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Determination of the lever arm z = a1xd and tensile area As for a known section and known dimensions b and d with a moment Mu acting on the section.
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Substitute n1 and z in the equation for Mu
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Solve for a1:
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This can be written in a tabular form:
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	0,15
	0,13
	0,10
	0,07
	0,04

	a1
	0,75
	0,80
	0,85
	0,90
	0,95


With a known value of a1 the lever arm z may be calculated. Once the lever arm is know, the steel may be calculated.
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Design of elements
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