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Summary

A lot of effort has been spent during the last decades in order to determine the
optimum methods to produce higher steel strength to meet the recent increasing
demand on high strength and diverse microstructure quality steel reinforcement
bars. The present work deals with Tempcore process for production of high
strength steel rebars via in line quenching and self tempering process.

A mathematical model has been developed for simulating Tempcore process to
produce high strength steel. The model deals with bars moving with certain
speed, and quenched by pressurized cooling water. The model consists of three
parts coupled together in an integrated form, the thermal model, the
metallurgical model and the mechanical model. The integrated model is capable
of predicting: the temperature distribution of the Tempcore treated bars over the
whole cooling rout, the area cooled under martensite formation temperature and
Yield Strength of the bar under variable process parameters. The model has
been applied to grade B500B, to bar diameters of 10 and 16mm.

In plant, trials were conducted to express the model variables in terms of actual
process parameters, namely: bar diameter, rolling finishing temperature, number
of active cooling nozzles, their setting, cooling water flow rate and quenching
time. A series of quenching tests were performed and the resulting
microstructure and mechanical properties studied using optical microscope,
microhardness measurement, and tensile tests. Comparison showed good
agreement between the predicted and the measured tempering temperature,
martensite volume fraction and yield strength. The model developed in the
present work showed a great potential to optimize Tempcore process parameters
to produce several rebar grades with high degree of flexibility. The model also
could be used as a design guide to determine the suitable nozzle dimensions and
their settings of each bar diameter and the desired steel grade.

In additional to model verifications the experimental work showed that the
presence of martensite throughout the samples contributed to the enhanced
strength of Tempcore treated bars. It is also found that the microstructure and
tensile properties are affected much with varying Tempcore cooling parameters.
With increasing quenching time, the self-tempering temperature decreases and
the amount of martensite increases, which affect the, tensile properties. It is also
found that the Tempcore process can be adapted through controlling the
processing parameters to produce various steel grades with yield strength
varying from 400 to 800 MPa from the same chemical composition 0.2% C and
0.6% Mn.
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Water cooling Convective heat transfer coefficient
Air Convective heat transfer coefficient
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conductive heat transfer across (normal to) the
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