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Abstract: Final step of rail manufacturing is cold rolling straightening process and it has 
significant effects on mechanical properties, straightness, flatness and development of residual 
stresses. Measurement of residual stresses after straightening process is obligated by rail 
manufacturing standards. In the present investigation, an attempt has been made to evaluate 
residual stresses after straightening process by finite element method and strain gage sectioning 
technique. The straightening process has been simulated here using the FE package ABAQUS. All 
the input data were extracted from experimental tests according to rail manufacturing standard and 
homogenous and isotropic behavior of material were considered. Moreover, initial camber of the 
rail was measured after hot rolling and cooling process. Obtained results of numerical calculation 
has been validated by strain gage sectioning technique and compressive residual stresses in head 
and web and tension residual stress in foot of the rail has been observed. The roller arrangement 
used in this investigation could reduce the amount of residual stresses comparing with the previous 
results. Furthermore, straightness of the rail after straightening was satisfactory.           
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1. Introduction 

Rail manufacturing from the bloom includes three sequential steps of operations, namely hot rolling, 
cooling and straightening. The rail temperature after hot rolling is about 850oC and because of the rail 
cross section geometric condition, heat transfer is not uniformed in cooling process. The non uniform 
temperature distribution leads to the development of thermal stresses which may be higher than yield 
stress of the material at high temperature. Therefore thermal stresses affects will bend the rail during the 
cooling process in the form of circular arcs and hence its straightness will be lost. The bent rails are 
subsequently straightened in straightening machine.  

Extensive investigation works on determining the residual stresses in rails have been carried out. 
Basua et al. [1] indicated that residual stress before straightening process is not significant. This 
conclusion is sensible because in the hot rolling steps, thermally activated deformation mechanisms and in 
the cooling process, plastic deformation (camber) reduce the residual stresses. Knowledge of residual 
stress in rail is important for evaluating the fatigue behavior during actual use. The cold roller 
straightening operation is the most critical process for the development of residual stress in rail during 
manufacturing [2]. Most of the experimental tests have been shown C shape pattern of residual stresses in 
the rail cross section. Hodgson [3] used strain gage for measuring the residual stresses and indicated C 
shape pattern. Webstare et al. [4] used neutron diffraction method and expressed similar results. Results of 
Johnson et al. [5] and Deoche et al. [6] indicated compressive residual stress in rail head that is different in 
comparison with [3] and [4]. In addition to experimental tests, some of the other researchers have used 
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5. Conclusion 

FEM analysis indicated compressive residual stresses in the rail head and web and tension residual 
stresses in the rail foot. Moreover, the experimental sectioning test results indicated the same pattern, 
hence, its results confirm the results of FEM model. Vertical distance between the rollers in roller 
straightening machine is a very important parameter in the development of residual stresses and the 
proposed arrangement of the rollers could be reduced to the level of the residual stresses comparing with 
the previous practices. FEM model and experimental sectioning technique both indicated compressive 
residual stress in the rail head and web and tension residual stresses in the rail foot. Therefore, the model 
is confirmed and it can be used for more investigation. 
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