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Comparison of Residual Stresses in Butt-Welded Plates Using
Software Packages Abaqus and Ansys
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Nowadays software packages Abaqus and Ansys are very often used for numerical simulation of welding process. The
procedure of weld modeling by these two software packages is slightly different, which can result in differences in
obtained results. In order to compare the results obtained by using these two software packages, a parallel analysis of
residual stresses in the case of butt-weld of two plates has been carried out. The residual stresses have been calculated

in cases of a shell/3D modeling and a full 3D modeling.

Key words: welded structure, butt-welding, plate, residual stresses, process modeling, finite element method, software

realization, parallel analysis.

Introduction

ETALURGICAL joints made by welding are

extensively used in fabrication industry, offshore
structures and pressure vessels. Due to localised heating by
the welding process and subsequent rapid cooling, residual
stress and distortions can occur near the weld. Such stresses
and deformations may cause serious problems in welded
constructions. Combination of strong tensile residual
stresses and stresses due to workload in the area of a
welded joint could accelerate the initiation of a fatigue
crack, brittle fracture or stress corrosion cracking. In order
to estimate residual stresses, in the last 30 years, the finite
element method has successfully been used in order to
substitute a rather expensive experiment [1-5]. As presented
in literature, accurate predictions require the use of three-
dimensional models that are often very complex and
computationally expensive.
In the present investigation the shell/3D modelling capabil-
ity is used to increase the efficiency and accuracy of the
numerical analysis of welding processes. Residual stresses
in the butt-weld of two plates were considered. The main
idea of the shell/3D modelling technique is to perform
shell-3D transition. Therein, three-dimensional finite ele-
ments are connected to shell elements by using a shell-to-
solid coupling technique. Thus, the technique combines the
accuracy of the full three-dimensional solution with the
computational efficiency of a shell finite element model.

Computational Approach

The simulations performed in this work use the
sequential thermal-stress solution procedure in which the
transient heat transfer analysis is followed by the thermal

stress analysis. Temperatures predicted by the heat transfer
analysis are used as loading for the thermal stress analysis.
To solve the problem here, shell and solid elements are
applied. Solid elements are used close to the weld where the
temperature gradients are high. On the other hand, the area
outside the welding zone where temperature gradients are
not prominent is modeled with shell elements. The
transition between the shell and solid elements is achieved
by tie constraint in case of thermal analysis; while in the
stress analysis transition is achieved by using the shell-to-
solid coupling option in references [6, 7].

Butt weld of two plates

For the wverification of the shell/3D and full 3D
modeling, examples of butt weld of two plates made of
S15C carbon steel [1] are chosen. In both cases, it is
assumed that the base metal and the weld metal have the
same thermal and mechanical properties.

An elastic-perfectly plastic material behavior model is
assumed and its mechanical as well as thermal properties
are shown in Figs.2 and 3. The welding parameters chosen
for this analysis are as follows: tungsten inert gas (TIG)
welding, welding current 1=300A, welding voltage U=21V
and welding speed v=10 mm/s. Since the data for the
convective heat transfer coefficient k, the efficiency of heat
input E and the emissivity & are not provided in Ref. [1],
the following values are assumed: k=15 W/m’K, E4=70%
and the £¢=0.77.

The butt weld of two plates is modeled in a single pass.
Owing to symmetry, just one side of the plate is modeled.
Both analyses, the thermal and the stress one, are carried
out using a standard method for weld modeling.
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Shell/3D model

Fig.1 shows the computational model of the butt weld of
two plates. The length of each plate is 200 mm, the width is
100 mm and the thickness is 6 mm (Fig.1).
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Figure 1. Geometry of welded plates
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Figure 2. Mechanical properties of S15C steel
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Figure 3. Thermal properties of S15C steel

In the case of shell/3D model, the mesh consisted of 960
3D elements and 240 shell elements. 3D elements were
used on the part of the plate close to the root of the welded
joint.

By using Abaqus, in the thermal analysis DC3D8 solid
elements and DS4 shell elements were used, while C3D8
solid elements and S4 elements were applied for the
mechanical analysis.

On the other hand, by using Ansys, in thermal analysis
SOLID 70 elements and SHELL 57 shell elements were

used, while SOLID 45 elements and SHELL 43 elements
were applied for the mechanical analysis.

On the part of the plate modeled with solid elements, the
size of the smallest elements was 5 x 1,5 x 1 mm and they
gradually became larger as the distance from the root of the
welded joint increased.

The same mesh of elements was used in the case of
modeling with both Abaqus and Ansys.

The temperature fields of 10s after the start of welding
by using Ansys and Abaqus are shown in Fig.4 and 5.

Figure 4. Temperature field of 10s after the start of welding in the case of
modeling of welded plates by 3D/shell elements, Abaqus
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Figure 5. Temperature field of 10s after the start of welding in the case of
modeling of welded plates by 3D/shell elements, Ansys

Figs.6 and 7 show the comparison between the
temperature profiles in the case of 3D and shell/3D
modeling in the middle of the plate (x=100 mm), 10
seconds after the beginning of welding process.
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Figure 6. Comparison of temperature profiles in the case of modeling with
3D elements and shell to solid technique in the middle of the plate, x=100
mm, Abaqus
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Figure 7. Comparison of temperature profiles in the case of modeling with
3D elements and shel/3D in the middle of the plate, x=100 mm, Ansys

Fig.8 shows the residual stress in the x direction in the

middle of the plate, x=100 mm, in Abaqus and Ansys.
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Figure 8. Residual stress in the x direction in the middle of the plate,
x=100 mm, Abaqus/Ansys

Fig.9 shows the residual stress in the x direction in the
middle of the plate, x=100 mm, in Abaqus and Ansys.
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Figure 9. Residual stress in the x direction in the plate at mid span along
the weld, Abaqus/Ansys

Full 3D model

The butt weld of two plates is modeled in a single pass.
Owing to symmetry, just one side of the plate is modeled.

The three-dimensional mesh consisted of 2240 elements.
The same mesh is used for both the thermal and mechanical
analysis. In the case of the thermal model, DC3D8 elements
were used while C3D8 elements were used for the mechanical
model (Abaqus).

In the case of the thermal model, SOLID 70 elements were
used while for the mechanical model SOLID 45 elements were
used (Ansys).

The size of the smallest elements, used at the root of the
welded joint, is 5 x 1.5 x 1 mm. The size of elements enlarged
as the distance from the root of the welded joint to the edge of

the plate increased. The same mesh of elements was used in
the case of modeling with both Abaqus and Ansys.

The temperature fields of 10s after the start of welding
using Ansys and Abaqus are shown in Fig.10 and 11.
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Figure 10. Temperature field of 10s after the start of welding in the case
of modeling of welded plates by 3D elements, Ansys
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Figure 11. Temperature field of 10s after the start of welding in the case
of modeling of welded plates by 3D elements, Abaqus

Figs.12 and 13 show the residual stress distribution using
Abaqus and Ansys after the welding process in two butt
welded plates.
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Figure 12. Stress field after welding in the case of modeling of welded
plates by 3D elements, Abaqus
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Figure 13. Stress field after welding in the case of modeling of welded
plates by 3D elements, Ansys

Fig.14 presents the residual stresses in the direction
perpendicular to the direction of welding in the middle of
the plate. Fig.15 presents the residual stresses in the
direction of welding at mid span.

The obtained residual stress values were calculated using
both Abaqgus and Ansys.
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Figure 14. Residual stress in the x direction in the middle of the plate,
x=100 mm
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Figure 15. Residual stress in the x direction plate at mid span along the
weld, Abaqus/Ansys

Discussion and conclusion

Modeling of the welding process with the application of
a three-dimensional model frequently requires considerable
computer resources. On the other hand, with shell modeling
it is not possible to obtain a more detailed distribution of
temperature and stress alongside the wall. For this reason, a
shell/3D modeling technique appears to be a possible
solution, where a particularly interesting part of the model
is modeled with a finer 3D mesh, and the rest of the model
with shell elements.

The presented analysis included separate simulations of
modeling of butt weld of two steel plates with 3D elements

and the shell/3D modeling technique. In the described
process, we have shown the comparison of the maximum
temperatures of welding (Figs.6 and 7).

From the results it could be deduced that the distribution
of the temperature profiles for the case of the modeling of
weld with 3D elements corresponds well with the modeling
of weld by the shell/3D modelling technique.

The comparisons of temperature fields, modeled by
shell/3D elements in Abaqus and Ansys (Figs.4, 5, 6 and 7),
show that Ansys gives a slightly higher temperature in the
root of the weld. This difference quickly vanishes by
moving away from the weld pool towards the plate edges.

The comparisons of residual stresses in the x direction,
(Fig.8) in the middle of the plate, x = 100 mm, modeled by
shell/3D elements in Abaqus and Ansys show that stresses
oy in the root of weld are approximately the same while

the difference is visible on the outer edge of the plate.

The comparison of residual stresses in the x direction
along the weld modeled by shell/3D elements in Abaqus
and Ansys (Fig.9), at mid span shows that there are no
significant result deviations.

From the above mentioned analyses we can conclude that
the shell/3D modelling, based on the combination of the three-
dimensional and the shell model could be applied very
efficiently for a detailed consideration of welding processes.

It is concluded that the shell/3D modeling technique,
based on the transition from the shell model to the 3D
model discretization with a finer mesh of elements, is very
efficient for this purpose.

The comparisons of temperature fields modeled by the
shell/3D elements in Abaqus and Ansys (Figs 6, 7, 10 and 11)
show that Ansys gives a slightly higher temperature in the root
of the weld. This difference quickly vanishes by moving away
from the root of the weld towards the plate edges.

The obtained residual stress values in the x direction
(Figs.12, 13 and 14) in the middle of the plate, x=100 mm,
were calculated using both Abaqus and Ansys. The
maximum values of residual stresses near the weld bead
have approximately the same values. However, residual
stresses at the ends of the plates are considerably different.

The comparisons of residual stresses in the x direction along
the weld modeled by full 3D elements in Abaqus and Anys
(Figs.12, 13, and 15), in the plate at mid span show that there
are no significant deviations in the obtained results.
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Poredenje zaostalih napona kod su¢eono zavarenih ploé¢a koriséenjem
softverskih paketa Abaqus i Ansys

U danasnje vreme za numeri¢ku simuliaciju procesa zavarivanja vrlo &esto se koriste softverski paketi Abaqus i
Ansys. Postupak modelovanja zavarenog spoja kod ovih softverskih paketa neznatno se razlikuje $to moze rezultirati
razlikama u dobijenim rezultatima. U cilju poredenja rezultata dobijenim koriséenjem ovih softverskih paketa
uradena je uporedna analiza zaostalih napona za slu¢aj suéeono zavareniha plo¢a. Zaostali haponi izra¢unati su za
slu¢ajeve shell/3D modelovanja kao i za sluéaj potpunog modelovanja sa 3D elementima.

Kljuéne reci: zavarena konstrukcija, suéeono zavarivanje, ploéa, zaostali naponi, modelovanje procesa, metoda
konaénih elemenata, softverska realizacija, uporedna analiza.

CpaBHMBAHHE OCTATOYHBIX HANPSIKEHHI Y BCTHIK CBAPEHHBIX ILIHT
IPH M0JIb30BAHMH KOMMEPUYECKHX MMAKETOB IIPOrPaMMHOI0
odecrmeyeHust komnbloTepa Abaqus m Ansys

B name Bpemsi A uudpoBOro MOAETHPOBAHHS NPOLECCA CBAPKH O4YeHb YACTO MOJB3YIOTCH KOMMepPYeCKHMH
naKeraMH HpPOrpaMMHOro o0ecrmedenusi KommbioTepa Abaqus m Ansys. Meroauka HpoBefeHHs] MOJeJHPOBAHUS
CBAPHHOTO COCJMHEHMs] Y 3THUX NAKeTOB INPOrPAMMHOr0 ofecmeyeHHs cjaerka pasjH4yHa, 4TO B MTOre MOKeT
NpHBECTH H K Pa3sHHLIAM B MOJYYeHBIX pe3yabTaTax. B measix cpaBHeHHsl pe3y/JbTATOB MOJIYYeHbIX IPH
NO0JIb30BAHMH 3THMH  KOMMEpPYeCKHMMH NaKeTaMH INPOrpaMMHOro odecrmedyeHHsl CAeIaH AHAJOTMYHBIA aHaIM3
OCTATOYHBIX HANPSKEHUIl Y BCTHIK CBAPEHHBIX IUIMT. OcTaTouHble HANPSIKEHHs paccyuTaHbl Ha ciay4an shell/3D
MO/IeJIMPOBAHMSI, 2 B TOM 4YHCJIe M Ha ciy4an Moaesmposanns 3D ajiemenTamu.

Kniouesvie cnosa: cBapéHHasi KOHCTPYKIMS, CBAPKa BCTHIK, IUINTA, OCTATOYHbIC HANPSIKEHHs!, MOJeJIHPOBaHHe
npouecca, MeTO/l KOHEYHbIX 3J1eMEHTOB, peajin3auus NPOrpaMMHOro obdecnevyeHus, AaHAJTOTHYHbINH aHAJIM3.

La comparaison des tensions résiduelles chez les plagues soudées en
bout via progiciels Abaqus et Ansys

Les progiciels Abacus et Ansys sont tres utilisés de nos jours pour la simulation numérique du processus du soudage .
Le procédé du soudage de la jointe soudée chez ces progiciels se différencie peu ce qui peut causer les différences dans
les résultats obtenus. Dans le but de comparer les résultats obtenus par I’emploi des progiciels cités on a fait I’analyse
comparée des tensions résiduelles pour le cas des plaques soudées en bout. Les tensions résiduelles sont calculées pour
les cas de modélisation shell / 3D ainsi que pour le cas de la modélisation compléte avec les éléments 3D.

Mots clés: construction soudée, soudage en bout, plaque, tensions résiduelles, modélisation du processus, méthode des
éléments finis, réalisation logiciel, analyse comparée.



