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Motivation of researches 

 
Modern technologies for the production of critical steel structures of pipeline systems, 

machines, and large industrial and public buildings, bridges are widely used welded 

joints of elements made of high-strength steels.  

To assess the strength of these structures under shock and explosive impacts, which may 

be the result of terrorist attacks and accidental explosions, numerical modeling 

techniques are considered that take into account the microstructure of welded joints and 

welding technology.  

Неa et al. (IOP Conf. Series: Mater. Sci. and Eng., vol. 677, pp. 022020, December 

2019.) showed that the strength of welded joints of high-strength steel structures is 

determined by damage to the welds and the zone of their thermal influence at a high 

strain rate of explosive loads.  

The peculiarity of the prediction of the dynamic strength of welded joints of steel 

structures is due to the fact that the material of the welded joint is more sensitive to the 

strain rate compared to welded steels. As a rule, the yield strength of the weld material 

at high strain rates increases significantly compared with the static case. 

 



 The need of using the fracture criterion of welded joints, taking into account the 

relationship between critical plastic strain and the stress triaxiality for individual 

welding zones was substantiated experimentally by Paveebunvipak et al. 

(Materials & Design, vol.160,  pp. 731-751, December 2018.) 

 The mechanical heterogeneity of the microstructure can lead to a significant 

localization of deformations in the welding zone under dynamic loads.  

 As a result of plastic deformation of the welded joint, cracks can nucleate and 

propagate in it. 

 The aim of this work is to study the dynamics of fracture and deformation at high 

strain rates of welded joints of thick-walled steel panels using a model that takes 

into account the inhomogeneous structure in the welding zone and changes the 

mechanical properties at the mesoscale level. 
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The deformation and fracture of a welded joint of 6 mm thick plates of 09G2S steel, 

created by pulsed CO2 arc welding, were studied under tension under conditions of 

quasi-static and dynamic loading. 

Figure -  Scheme of boundary conditions of a loaded welded joint of steel plates 

Base material is marked as 1.  

Region 2 corresponds to the heat affected zone (HAZ).  

Microstructures of 3, 4, 7 regions of welded zone depend on the chemical composition of 

the electrode material.  

For silicon-manganese steel (09G2S), these regions have quenching structures.  

The region 5 is a fusion zone of the base material and the electrode    material. 

Macro- and microstructure characterization 
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Numerical simulation of strain and fracture of welding joints of 
high strength steel 

Modelling and material parameters 

Computational model was established by LS-DYNA software to simulate the deformation 

and crushing behavior of welding joints of high strength steel. 

Figure. Cell model of  structured welded joint. 

The computational model uses the 

theoretical basis of continuum damage 

mechanics. 

The system of equations includes: 

Conservation equations , 

Kinematic relations, 

Constitutive relations, 

Relaxation equation for the deviatoric 

stress tensor. 

Equations of damage evolution and 

fracture criterion. 
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The GISSMO model was used for damage and fracture analysis of silicon-manganese 

steel under tension. The yield criterion has a form: 

where εf  , q are constants of material. 

where σs is the yield stress of damaged medium, σs
(m) is the yield stress of condensed 

phase of material, D is the damage parameter, Dc is the critical values of damage, F is 

the fading exponent. 
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The final stage in ductile fracture comprises in the damage coalescence into the fracture 

zone.  

This causes softening of the material and accelerated growth of the damage parameter D 

until the local fracture of the material particle.  

The model of ductile fracture requires values of 4 parameters.  

The model parameters for silicon-manganese steel were determined by numerical 

simulation of experiments on the tensile samples in the velocity range from 20 to 200 m/s.  
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Plastic flow was described within the Prandtl–Reuss theory with the Von Mises 

criterion. The flow stress of silicon-manganese steel under loading has been described 

using a modification of the Zerilli–Armstrong model : 
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The dependence of the flow stress on the 

logarithm of the normalized strain rate. 
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Stress-strain curves for regions in the 

weld zone of 09G2S steel. 
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Figure. Equivalent stress in welded joint steel plates under tension at 200 m/s. 

 

Figure. The stress triaxiality factor in a damaged welded joint steel plates under tension at 200 m/s. 

 
The heterogeneity of the field of equivalent stresses and the parameter of the stress triaxiality 

factor causes the localization of plastic deformation near the weld boundary. The heterogeneity of 

the field of equivalent stresses and the stress triaxiality parameter causes the localization of plastic 

deformation near the weld boundary.  
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(a) 

(b) 

Figure. Equivalent plastic deformation in the weld zone 

 under tension at a velocity of 200 m/s. 
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Figure. Damage and crack formation of welded joint 09G2S steel plates under 

tension  at the velocity of  200 m/s. 

Figure shows the distribution of damage parameter in the welding zone of steel plates 

under tension at high velocity. 

Figure. Effective tensile stress in the welded joint of 

09G2S steel plates at a strain rate of ~ 9.09 103 s-1  

Damage kinetics in silicon-manganese steel is 

connected with macroscale plastic instability. This 

paper presents the experimental and theoretical 

results that demonstrate the importance of an 

adequate description of the processes of instability of 

deformation in silicon-manganese steel.  

 



CONCLUSIONS 
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• A physical and mathematical model is presented for predicting the mechanical 

behavior of welded joints of steels under dynamic loads, taking into account the 

change in the properties of the material in the welding zone. 

 

• The strains to fracture of the weld zones of silicon-manganese steel showed 

significantly larger scatter range than those of ferritic steel. 

 

• The fracture of welded joins at high strain rates depends on relationships 

between critical plastic strains and stress triaxiality for the individual weld zones.  
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