Lecture No. 28

Subject: Reinforcing Steel and Reinforced Concrete   

Objectives of Lecture:

· To explain the properties of reinforcing steel
· To introduce the reinforced concrete 
Steel Reinforcement

Steel reinforcement usually consists of deformed bars having lugs or protrusions (deformations), as shown in the following Fig.

The deformations of bars inhibit longitudinal movement of the bar relative to the concrete that surrounds it

Standard Dimensions and Weights of Reinforcing Bars

The deformed bars are available in the United States in sizes ⅜ to 2¼ in. (9.5 to 57 mm) nominal diameter(
Standard dimensions and weights of reinforcing bars, according to ASTM prior to 1996, are presented in the following Table:

Standard dimensions and weights of reinforcing bars, according to Canadian Standard, are presented in the following Table:

New ASTM standards, after 1996, pertaining to dimensions and weights of reinforcing bars are presented in the following Table:

Grades of Reinforcing Bars

The “grade” of a reinforcing bar is the minimum specified yield stress  

The grades of reinforcing bars, based on 1996 ASTM, are presented in the following Table:
Stress-Strain Curves for Reinforcing Bars in Tension

Grade 40 (for #3 to #6 bar size) and Grade 60 (for #3 to #18 bar size) correspond to billet steel and commonly used as reinforcing steel

Typical stress-strain curves for Grade 40 and Grade 60 reinforcing bars are shown in the following Fig.:

Reinforced Concrete

Reinforced concrete is a logical union of the following two components:

Plain concrete 

(which possesses high compressive   strength but little tensile strength)

Steel bars embedded in the concrete

(which can provide the needed strength in tension as well as compression in the reinforced concrete columns and in the compression zone of beams)

A reinforced concrete simply supported beam and its cross-section are shown in the following Fig.:

Joint performance of steel and concrete

Steel and concrete work readily in combination for several reasons:

· Bond (interaction between bars and surrounding hardened concrete) prevents slip of the bars relative to the concrete

· Proper concrete mixes provide adequate impermeability of the concrete against water intrusion and bar corrosion

· Sufficiently similar rates of thermal expansion (that is 1.0 × 10-6 to 1.3 × 10-6 / ºC for concrete and 1.2 × 10-6 / ºC for steel) introduce negligible forces between steel and concrete under atmospheric changes of temperature

Failure of reinforced concrete

There are three types of failures of reinforced concrete structures:

Balanced failure: Both steel as well as concrete fail simultaneously. Such a reinforced section is termed as balanced or economical section 

Tension failure: Steel fails first then concrete. This takes place when section is under-reinforced (i.e. steel area is less than that corresponding to the balanced section)

Compression failure: Concrete fails first then steel. This takes place when section is over-reinforced (i.e. steel area is more than that corresponding to the balanced section)

Note: 

Due to brittle failure (i.e. sudden failure without giving warning sign) of concrete the reinforced sections are designed either as balanced section or under-reinforced section

( The nominal diameter of a deformed bar is equivalent to the diameter of a plain bar having the same weight per foot as the deformed bar
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