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REINFORCING STEEL BARS

Cement concrete is one of the most versatile and established

construction material throughoutthe world. Concrete being

extremely weak in tension requires reinforcement, which is

invariably steel. Steel reinforcement is available in the form of

bars of specific diameters withdifferent chemical composition, e.

g., mild steel and high tensile steel, and surface

characteristics—plain or deformed. The types and grades of

reinforcing bars are given in Table 13.2. Good steelshould not

have carbon content of more than 0.25%, sulphur content of more

than 0.05% andphosphorus content of more than 0.05%.

Effectiveness of concrete reinforcement may be enhanced by the

use of low-alloy steel, or bymechanical strengthening, or by heat

treatment. Mechanical strengthening of steel is done bydrawing,

stretching, twisting; the yield point of steel rises by about 30%.

Heat treatmentincreases strength and improves mechanical

properties of steel and effects 30 to 40% savings onreinforcement.
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Steel bars can also be strengthened by cold drawing after rolling.

Mild steel has a definiteyield point. Cold working increases the

yield stress of mild steel. Higher yield strength ofreinforcing steel

bars lowers the steel requirement and thus the cost of

reinforcement and itsfixing is reduced. The major drawback of

cold working is the introduction of internal stressesin steel bars.

Some of the other disadvantages of cold working are reduced

ductility of steel,and reduced shear strength of RCC beams; the

longitudinal tensile reinforcement is reduced.Heating of cold

worked steel to high temperatures results in annealing of steel

causing loss ofincreased strength due to cold working.

CLASSIFICATION

Steel for reinforcing bars can be classified according to its use.

The earliest steel used for construction purposes was plain mild

steel bars, designated as Fe- 250 and so. Even nowadays it is as

engineers friendly as before in the underdeveloped and developing

countries. For impacts and suddenly applied loads mild steel

reinforcement may prove to be a better choice since high yield

steels are more brittle and may fail under such conditions.
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FIG: TYPES AND GRADES OF REINFORCING BARS

HIGH YIELD STRENGTH DEFORM (HYSD)

Bars that have lugs, ribs, or deformations on the surface which

inhibit longitudinal movement of the bar relative to the

surrounding concrete. Thus, the deformed surface ensures better

bond between reinforcement and concrete. These bars do not

have a definite yield point. HYSD bars result in a considerable

increase in yield, tensile and bond strength when twisted hot or

cold. Cold twisted deformed (CTD) bars are most suitable for

building purposes and are widely used in India. CTD bars with

trademark TOR are called TOR-steel. Tor-steel is high strength

deformed bars with high yield and bond strength. These bars

result in almost 40% economy.
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FIG: HIGH YIELD STRENGTH BARS

THERMO MECHANICALLY TREATED (TMT)

Bars are extra high strength reinforcing bars, which eliminate any

form of cold twisting. In this process, the steel bars receive a

short intensive cooling as they pass through a water cooling

system after the last rolling mill stand. The reduction in

temperature converts the surface layer of the steel bar into a

hardened structure. This phase of intensive cooling is further

followed by cooling in atmosphere, so that the temperature of

core (which is still hot) and the temperature of the cooled surface

is equalized. Hence, the surface layer gets tempered by the heat

form the core. The resulting structure is a tempered martensite

zone at the periphery and a fine grain ferrite pearlite structure in

the centre zone. Due to the improved properties of high strength

combined with toughness and ductility, TMT bars score over mild
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steel plain and CTD steel bars. TMT steel exhibits a definite yield

point. It can resist high temperature up to 500°C with no loss of

strength. These are more ductile compared to CTD bars. TMT

bars possess excellent bendability due to the unique feature of

uniform elongation. They can withstand bending and rebending

with internal diameter of 1D and 4D respectively (D = diameter of

the bar). TMT bars have very good weldability. They do not suffer

loss of strength at the weld joints. These bars can also be easily

welded with cold twisted bars. No pre-heating or post-heating is

required during welding. The unique feature of these bars is their

high fatigue resistance on dynamic loading on account of the high

strength of the surface layer. The thermally hardened reinforcing

steel bars are more suitable for use in places prone to fire

hazards, because of the thermal stability of the heat treated

structure of the bars and a total absence of a cold worked

structural zone. TMT bars have high percentage of uniform

elongation—thus high formability. These bars can be used for

general concrete reinforcement in buildings, bridges and various

other concrete structures. They are highly recommended for use

in high-rise buildings because of the saving in steel due to the

higher strength. A comparison for saving in steel by using TMT

bars is given in the table below
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FIG: SAVINGS IN STEEL USING TMT

The latest development is steel reinforcing bars is

thermo-mechanically treated high-strength corrosion resistant

(TMT-HCR) rebars. The TMT-HCR rebars are concrete embedded

bars, which have superior resistance to aggressive weather

conditions. TMT–HCR reinforcement bars exhibit higher thermal

resistance even at temperatures up to 600°C. The retention of

significant strength or, in other words, resistance to softening, is

attributed to design of steel chemistry, presence of tempered

martensite layer of the rebar surface and absence of any cold

worked structural zone. The chemistry of TMT-HCR rebars is

appropriately designed for substantially reducing atmospheric

and marine corrosion. TMT-HCR rebars possess a unique

combination of strength, ductility and bendability which testifies

the products toughness and ease of fabrication. Excellent

bendability is exhibited bythese rebars as we as superior bend

values. As a matter of fact, TMT-HCR rebars have been found to
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withstand even close bend without exhibiting surface cracking.

The rib pattern of these rebars ensures excellent bond strength

between the rebar surface and concrete; bond strength attainable

with such reinforcement bars fulfils the requirements of Indian

specifications. The thermally hardened TMT-HCR rebars are ideal

for use in places prone to fire hazards. Compared to conventional

CTD bars, TMT-HCR rebars exhibit superior corrosion resistance

owing to the absence of torsional stresses in

thermo-mechanically treated rebars and design of suitable alloy

chemistry. These rebars can be easily welded and do not require

pre-heating or post-heating treatments. These bars can also be

welded with conventional CTD bars, permitting usage

independently or in combination in reinforcement structures. The

advantages of TMT-HCR rebars over conventional CTD rebars are

many and include: saving in steel, reduction in costs, enhanced

strength combined with high ductility, superior atmospheric and

marine corrosion resistance, good weldability and no loss of

strength at welded joints, better high temperature thermal

resistance, easy welding at site owing to better ductility and

bendability. TMT-HCR rebars find wide application in different

spheres including coastal and marine environments which are

susceptible to corrosion, bridges, flyovers, dams, industrial
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structures, high rise buildings and underground platforms.

TENSILE TESTING OF STEEL REINFORCEMENT

Tensile tests are used to determine the elastic modulus, yield and

tensile strength, elongation, poison's ratio, strain hardening rate

and many other mechanical properties of a material. The test is

conducted on a test pieces in rectangular shape, the width to

thickness ratio should not be less than 8:1. The test piece is strain

by a tensile stress, in general to fracture, to determine the

maximum stress that can be sustained by that piece of material.

FIG: DIMENSION OF CIRCULAR TEST PIECE

NB: 1) The gauge length is the part of the test specimen on which

elongation is measured at any moment during the test.
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2) Test pieces with diameters other than those given in the

above table could be used.

FIG: DIMENSION OF RECTANGULAR TESTING PEACES (NON PROPORTIONAL)

NB: 1) Notwithstanding the above test pieces having gauge length

equal to 5.65√s are permitted.

2) For any width from 3 to 25mm a gauge length of 50mm may

be used.

3) A straight, parallel test piece without enlarge ends is

permissible for any size.

The preliminary step of the test is to mark the gauge length (L0)

on the specimen, which is the prescribed part of the test piece on

which the elongation is measured at any moment during the test.

The gauge length is specified as L0 = 5.65 0 S, where S0 is the

initial area of crosssection. The standard test piece is gripped at
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either end by suitable apparatus in a testing machine which

slowly exerts an axial pull so that the steel is stretched until it

breaks. Figure 13.7 shows the specimens with appropriate

notations and Fig. 13.8 shows the broken specimen. For

determining tensile strength, the specimen is loaded in

accordance with the following conditions: (i)In the plastic range,

the rate of separation of the cross-heads of the testing machine,

expressed as a percentage of the parallel length per minute,

should at any moment, be not greater than twice the minimum

specified elongation +10. (ii)If a yield or proof stress is not to be

determined, the rate within the elastic range may be as high as

that permitted in the plastic range. In all cases, the speed of

testing should be as uniform as possible and the change of speed

from one range to the other should be made gradually and without

shock. The ultimate load divided by the original cross-sectional

area A, gives the ultimate strength and the load at which

specimen breaks when divided by area A, gives the breaking

strength. Another important property to be obtained form the

tensile test is the percentage of elongation at failure which gives

an idea of the ductility of the material. The elongation is given by

% Elong = (Elongated length between gauge point – Lo) ×100

Lo
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The main objective of this test is to arrive at the appropriate

stress-strain diagram to estimate the behavior of the material. A

typical stress-strain curve for mild steel is shown in Fig. 13.9. This

figure gives the values of various quantities directly. The

Proportional Limit (PL) is the stress up to which stress and strain

are proportional to each other and their ratio is called the modulus

of elasticity (Young’s Modulus) given by:

FIG: TEST PIECES OF CIRCULAR AND RECTANGULAR CROSS SECTIONS

FIG: TEST PIECES OF CIRCULAR CROSS SECTION AFTER FRACTURE
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E = ¶ /€

Where ¶ is the uni-axial stress below PL and € is the strain

corresponding to ¶. The yield stress for steel is the stress

obtained at an instant during the tensile test at which the plastic

deformation continues to increase at nearly constant stress. While

determining the yield stresses, the specimen is loaded so that the

strain rate during the elastic range is controlled in accordance

with the following conditions:

(i)The actual rate of strain of the parallel length of the specimen

at the time of yielding should not exceed 0.15/min. If this rate of

straining cannot be achieved directly, it should be obtained by

controlling the rate of loading just before field commences.

(ii)The elastic stress rate should be less than 30 N/mm2 per

second to avoid errors due to inertia efffects and the extension of

the specimen can be recorded from cross-head motion.

The first point of stress at which strain increases without increase

in stress is the upper yield point (UY) and the point at which there

is an upward trend in the stress-strain curve beyond the first yield

point is the lower yield point (LY). If the upper and lower yield

stresses cannot be easily obtained from the stress-strain diagram,

a 0.5% total elongation proof stress may be regarded as the lower

yield stress if permitted.
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FIG: STRESS TO STRENTH GRAPH
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