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Abstract 

A multiaxial fatigue criterion recently developed by the authors for 2D conditions is 

extended here to 3D situations and applied to predict fatigue damage in rail welded 

joints with the help of an explicit finite element model. Contact theory and axle box 

acceleration response in frequency domain are used to validate the finite element model. 

The influence of depth and length of the welded joints is analyzed. It is found that 

fatigue damage is more severe with shorter and deeper welded joints. When the length 

of the welded joints is less than 150 mm, fatigue damage is greatly increased with the 

increasing of the depth. When the depth is less than 0.1 mm, fatigue damage is not 

relevant, regardless of the length. When the depth is greater than 0.3 mm, fatigue 

damage increases significantly with the decreasing of the joint length, especially when 

the length is less than 150 mm. When the welded joints are long enough, the depth 

restriction can be relaxed. This work can provide guidance and theoretical support for 

maintenance and repair of rail welded joints. 
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1. Introduction 

Railway transportation system is becoming increasingly important with the progress 

of high speed and heavy haul vehicle. However, some problems arise accompanied by 

the advantages [1,2], for example, much more severe damage of the rail. There are 

different forms of rail damage, namely, fatigue, wear and plastic flow. With the 

development of advanced materials, smelting processing and optimization of wheel and 

rail profiles, the damage of wear and plastic flow is more controlled nowadays, and 

fatigue damage is becoming the most serious problem in rails [3]. Being one of the 

weakest points in railway systems, the damage of welded joints is a delicate problem; 

what is more, welded joints appear repeatedly along the track. 

Due to the discontinuities and profile changes, intense wheel-rail impact can occur at 

welded joints, which significantly increases the contact force and causes harmful 

vibrations of the vehicle and the track system. This results in damage of the track 

system and the vehicle. Research into welded joints is urgently needed to increase the 

economic benefits of railway transportation and the operational safety of vehicles. 
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