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Agenda

Thermo-elastic material model

Thermo-elastoplastic material model

Finite elements in thermo-mechanical problems

Material properties for modeling welding processes
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Thermo - elasticity
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Thermo - elasticity

Small strains and small temperature increments

For the heat transfer equation
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Coupled Problems

Sequential solution

Solve thermal problem and get T-distributionSolve thermal problem and get T distribution

Using T-distribution and temperature dependent
material properties solve the mechanical problem
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Thermo – elasto - plasticity

For infinitesimal strains we use the standard decomposition:

The yield function:
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Thermo – elasto - plasticity

Von Mises with isotropic hardening:

Von Mises with kinematic hardening:Von Mises with kinematic hardening:
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Thermo – elasto - plasticity

9
www.simytec.com



σ-ε-T relations
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Coupled problems

If the heat generated by the plastic dissipation is neglected

Sequential solution

Solve thermal problem and get T-distribution

Using T-distribution and temperature dependent
material properties solve the mechanical problem
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Coupled problems

Considering the heat generated by the plastic dissipation 

Solve thermal problem and get T-distributionSolve thermal problem and get T distribution

Iterate until convergence

Using T-distribution and temperature dependent
material properties solve the mechanical problem

Iterate until convergence

material properties solve the mechanical problem
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Finite elements in thermo – mechanical
problemsproblems

Using isoparametric elements
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Sample example

x x=Lx=0

u=0 T=Ax

C t t th t l ti 0Cannot represent the correct solution σ=0
I need to have the same interpolation for ε and T

Therefore I need a displacement interpolation order higher than
the temperature interpolation order
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Example # 1 – Steady State
Material properties

Thermal properties Mechanical propertiesThermal properties Mechanical properties

k=15 E=10,000

ν=0.0

Α=0.001
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Example # 1 – Steady State
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Example # 1 – Steady State

Exact linear temperature distribution
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Exact linear temperature distribution



Example # 1 – Steady State
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Example # 1 – Steady State

BAD RESULT
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BAD RESULT



Example # 1 – Steady State

The reason for the bad result is:The reason for the bad result is:

Temperature interpolation: bi-linear

Displacement interpolation: bilinear; hence strain interpolation less than
bilinear

σ=0     cannot be fulfilledσ=0     cannot be fulfilled
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Example # 1 – Steady State

Try using 4N for thermal analysis

and 

9N for mechanical analysis
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Example # 1 – Steady State
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Example # 1 – Steady State

Exact result
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Exact result



Example # 1 – Steady State

24
www.simytec.com



Example # 1 – Steady State
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Welding Processes

Sequential solution

Teng-Chang, IJPVP, 1998
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SAW multipass butt welding
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SAW multipass butt welding
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SAW multipass butt welding
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SAW multipass butt welding
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SAW multipass butt welding
Thermal material properties

References in:
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Linepipes welding

The numerical model includes :

Convection and radiation heat transfer.

Temperature dependent material (specific heat and
conductivity). Latent heat due to phase change.

Heat input as a function of the voltage current intensity andHeat input as a function of the voltage, current intensity and
wire feed speed during each pass.

Birth of elements that model the welding material.

32
www.simytec.com



Linepipes welding
Properties in function of the chemical composition and temperature

C = 0.110 Mn = 1.020 Si = 0.250 P = 0.012 S = 0.002

Mo = 0.080 Cr = 0.080 V = 0.044 Nb= 0.022 Ni = 0.090

Cu  0 120 Sn  0 006 Al  0 026 Ti  0 010Cu = 0.120 Sn = 0.006 Al = 0.026 Ti = 0.010
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Calorific capacity Thermal conductivity



Linepipes welding

CRC-Evans Automatic Welding test

Distance of the surface

A =  0.5 mm 

B = 1 mm

C = 1 5 mmC = 1.5 mm

D = 2 mmd
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Linepipes welding

Heat input
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Linepipes welding
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Linepipes welding
Heat input

Qmax = 62.05 W/mm2 Qmax = 37.89 W/mm2 Qmax = 48.80 W/mm2

Q = 44 67 W/mm2 Q = 60 31 W/mm2 Q = 33 70 W/mm2
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Qmax = 44.67 W/mm2 Qmax = 60.31 W/mm2 Qmax = 33.70 W/mm2



Linepipes welding
Comparison between the measured temperatures and the numerically 
predicted ones
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Results for point B (1mm from the surface) shown on the finite element mesh
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Results for point B (1mm from the surface) shown on the finite element mesh



Linepipes welding
time = -0.8 s

T

[°C]
time = -0.1 s

time = 0.1 s

tim = 0 5 time = 0    indicates the birth of time = 0.5 s time  0    indicates the birth of 
the welding material in the fill 2
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Linepipes welding
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Linepipes welding
Li id l Liquid pool zone

Haz

Red numerical values
Blue experimental values

T > 850 °C

Phase transformation
from phase g to
phase (a + g)
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Linepipes welding
T i l h i l ti  t  b  d  i tTypical mechanical properties to be used as input
Typical carbon steel
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Linepipes welding
T i l h i l ti  t  b  d  i tTypical mechanical properties to be used as input
Typical carbon steel
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Linepipes welding
T i l h i l ti  t  b  d  i tTypical mechanical properties to be used as input
Typical carbon steel
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Linepipes welding
T i l h i l ti  t  b  d  i tTypical mechanical properties to be used as input
Typical carbon steel
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Linepipes welding
Typical mechanical properties to be used as input . Stainless steelyp p p p
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Results sought in welding simulations

Residual stresses

Distortionssto t o s
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Examples from the literature
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Examples from the literature
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