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h i g h l i g h t s

�MA rebar has better high and low cycle fatigue behavior than that of TMT rebar.
� Fatigue crack initiates form the transverse rib root and propagate along the same region.
� Stress concentration and high stress triaxiality observed at the root of the transverse rib.
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High and low cycle fatigue performance of micro-alloyed and TMT rebars are compared through exper-
imental investigation. Micro-alloyed rebar shows better fatigue performance than TMT rebar. It is exper-
imentally observed in both micro-alloyed and TMT rebars that for high and low cycle fatigue, crack
initiates form the transverse rib root and propagate along the same region. From finite element simula-
tion, it is noticed that the stress concentration takes place at the root of the transverse rib and stress tri-
axiality becomes higher in the same region. At the transverse rib root, tensile strain accumulation is
noticed in simulation. The experimental observation is explained with the help of simulation result that
fatigue crack initiate and propagate along the transverse rib root.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Reinforced concrete (RC) structures are widely used in civil
engineering works and rebars represent the basic strengthening
element of RC structures. Rebars are responsible for carrying, dis-
tributing and controlling loads and displacements. In recent times
global trend in the construction industry is observed towards
weight reduction by using of high strength, superior ductility and
weldabile steel. The use of high strength rebars in concrete struc-
tures can greatly minimize the consumption of reinforcing steel
up to a certain extent or improve the strength of reinforced struc-
tures [1]. In the past, technologies for achieving high strength in
steel bars involved either alloying of steel (mainly by carbon addi-
tion) or work hardening through cold twisting operations. Rein-
forcement bars that attain high strength through alloying are
generally used in the as rolled condition. These rebars, which are
usually of high carbon content (�0.3–0.5 wt.%), possess restricted
weldability, since preheating that is necessary and low-heat-input
during welding. On the other hand, work-hardened rebars, which
have a lower carbon content (0.06–0.15 wt.%) and about 1 wt.%
Mn, has better weldability than alloyed as-rolled rebars. Work-
hardened rebars, however, tend to lose their strength upon expo-
sure to temperatures higher than 300 �C a situation which might
often arise during welding or hot bending operations at the con-
struction site [2].

In recent times, thermo mechanical treatment (TMT) has
emerged as a technically attractive route for producing high
strength rebars of lean steel chemistry [3]. TMT rebars has a unique
composite microstructure: a ductile ferrite–pearlite core and a
tough tempered martensite rim. This composite microstructure is
primarily responsible for the combination of contradictory metal-
lurgical properties of high strength and ductility. However welding
of TMT rebar consequences alteration of martensite structure and
as a result strength reduces. The TMT rebars are produced by three
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