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The aim of the work presented in this paper is to show the applicability of Solidworks Simulation
module for calculation of welded structural joints. The presentation is performed through a simple
model of axially loaded single-fillet lap joint. Solidworks Simulation offers several options for FEM
analysis of welded joints. All reasonable options are exploited and their results are compared in this
paper. The reference values are used to validate the results of FEM analysis. They are calculated
based on formulas described in Eurocode 3 part 8 which refer to design resistance of fillet welds.
FEM analysis is conducted in latest version of Solidworks Simulation 2015 and older version 2012.
Results obtained in both versions differ from each other under same starting conditions. Finally, the
paper provides recommendations for reliability of the Solidworks Simulation to be used as design
tool for calculating welded joints.
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INTRODUCTION

Generally weld connections can be analysed using
clasical analysis [01] or Finite Element Method (FEM).
Finite element analysis (FEA) quite accurately iden-
tifies the load path [02], which can be difficult using
classical analysis in the case of complex structures.

FE package SolidWorks Simulation has been
used to evaluate the strength of the welded
joints [03, 04, 05]. The software allows simulat-
ing welded connection using 3D solid or shell
models. Choosing the type of model depends on
structure complexity. For more complex struc-
tures to avoid the convergence problems it is
recommended to use shell model. The geometry
of the tested specimen has been modeled using

Welded bodies

Fillet bead

Figure 1: Single-fillet lap joint

3D solid and shell model. Shell model have been
build from the middle surfaces of the solids.
Case study is conducted over the single-fillet lap
joint shown on Figure 1. The joint is modeled using
Weldments command in Solidworks. Weldment
structure is designed as single multibody part.
Using Weldments command Fillet Bead, fillet
weld bead feature is created between two dis-
joint bodies. Connection between welded bod-
ies and the fillet bead is established simply by
choosing Bonded contact pair.

In SolidWorks Simulation the fillet bead body can
be simulated using solid or beam elements. In
case of solid elements Figure 2, the design re-
sistance of weld can be evaluated using common
strength criteria eg. Von Mises yield criterion.

Figure 2: Using solid element for fillet bead
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When fillet weld bead simulation is performed by
using beam element, the program automatically
according the fillet bead geometry calculates sec-
tion properties of beam and converts fillet bead in
to the beam elements Figure 3.

weld connection command.

When modeled in the first way, Mesh control is
applied for the fillet weld bead. General mesh
parametars are given on Figure 5, while mesh
control is shown on Figure 6. It can be concluded
that the size of the mesh elements should be at
least half of the thickness of the welded bodies.
Mesh control should reduce the size of the weld
bead elements to half of the general mesh.

Figure 3: Using beam element for fillet bead

In this case the strength of weld can be evalu-
ated using the same common strength criteria
for beam elements.

The shell models for the simulation of fillet weld
bead have been build from the middle surfaces
of the solids shown on Figure 4. Using Surface
menu command Middle surface it is possible auto-
matically to create the surface model and in Solid-
Works Simulation environment build shell model.
The gaps obtained using middle surface command
is normal phenomenon and should not be filled us-
ing Extend surface command. Removing the gaps
can negatively influence to the results.

To simulate weld in the SolidWorks Simulation
environment has to be choose Edge weld con-
nection where as options can be groove, fillet or
spot welds.

Fillet weld is created by selecting the terminat-
ed surface and the surface to which is welded.
It can only be applied to perpendicular surfaces.
Therefore, auxiliary surface is added to one of the
middle surfaces which is shown on Figure 4. The
auxiliary surface should be very short to avoid its
influence (increasing the stiffness).

The axial force equal to 10 kN has been applied
as shown on Figure 1.

STATIC CASE STUDY SIMULATION

As already explained, there are three main ways
to simulate welded joint in Solidworks simula-
tion: (1) all bodies to be solids, (2) the fillet weld
bead to be beam while other bodies solids, and
(3) instead of bodies to use surfaces and Edge
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Figure 4: Middle surfaces from bodies
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Figure 5: Creating mesh for fillet weld bead
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Figure 6: Using mesh control for fillet weld bead
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Figure 7 shows the definition of bodies as solids.
This is particularly important for the fillet weld
bead if the feature is created with the Weldment
command. In this case, the program automati-
cally defines the weld feature as beam element
(Figure 3). Contact sets between individual bod-
ies are given in Figure 8. Global Contact is se-
lected to be No penetration.

)3

In the simulation with beam element, mesh size
is very important. As the beam is divided into
smaller elements, more accurate results are ob-
tained. Therefore, in the considered case, the
beam is applied to finest mesh.

A third option that can be used for modeling of
welded connection is Edge Weld Connector and
its built-in tool of Solidworks Simulation specially
designed for welds.

Figure 10 shows the option Edge weld connector
and surfaces that are joined. Here the global con-
tact set is selected Bonded because surfaces are
separated with gap. This is shown on Figure 11.

The loads in welded joints calculated by FEA are
not readily presentable but program automatical-
ly according the electrode and welded material
strength properties estimates the needed weld
size. This is shown on Figure 12 and 13.

Figure 7: Defining all bodies as solids
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Figure 8: Defining contact sets between bodies

Second option to simulate weld joint is to use
beam element.

Contact sets between beam and bodies are giv-
en in Figure 9. Global Contact is selected to be
No penetration.
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Figure 9: Contact sets between beam and bodies
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Surfaces

Figure 10: Edge weld connector for surfaces
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Figure 11: Contact sets between surfaces
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Figure 13: Stresses and forces in a fillet weld

RESULTS FROM THE SIMULATION CASES

Taking into account what has been said so far
about Solidworks Simulation, results of the first and
second approach for FEA design resistance of fil-
let weld can be evaluated using common strength
criteria eg. Von Mises vyield criterion. This is pre-
sented on Figure 14 and 15. The results in Figure
14 refer to the solid weld bead, while the results in
Figure 15 refer to the fillet weld modeled as beam.

Max 651 MPa

Y. Strength 220 MPa

Figure 14: Von Mises criterion for 1st study case

When using Edge Weld Connector (EWC), re-
sults are given by calculated — estimated weld
size. These are given on Figure 17.

Figure 16 shows the simplification that comes with
using surfaces as way of modeling the FE struc-
ture. Its easy to separate the stresses (eg. axial,
bending) which are caused by the load action
pattern. This is done only by selecting the layer
in which dominant stresses are included. Figure
16 shows only axial stress caused by the external
acting force which is dominant in this case.

Calculated values for stresses are given on Fig-
ure 12 according to European Standard. Ultimate
tensile strength of the welded joint is selected to
be 600 MPa.

Another important note from the simulations is
the difference in results that occurs between dif-
ferent versions of Solidworks Simulation.
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Figure 16: Simplified stress plot for surfaces
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Figure 17: Estimated weld size according EWC

The difference in results shows under same
conditions of meshing, restraining and loading.
Stress plot follows same pattern, but values are
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lower in case of older version. This is presented
on Figure 14 and 18.

The location of maximal value is on different
place. In general, values in 2012 are lower than
values received in Solidworks Simulation 2015.
Also, older version gives only automatic tran-
sition of mesh between different bodies/parts
bonded together.

Last remark can be seen when comparing Fig-
ure 2 (version 2015) with Figure 19. Figure 19
shows created mesh transition in version 2012
compared to version 2015.

b Yiekd sirength 2208

Von Mises for 1st case — 2012 version

Figure 18:

Figure 19: Automatic transition (version 2012)

COMMENTING ON RESULTS

In all three cases, simulations show the same
pattern of distribution of load through bodies and
fillet weld. However results vary depending on
the approach that was used for modeling.

Most evident difference is seen with the second
case when beam element is used to simulate
the weld feature. Local maximums have very
high values (Figure 15b) compared to other two
cases (1 and 3). This values are way above the
material strenght.
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Another concern about the accuracy and there-
fore usability of the program is the difference in
results in that come from different versions of
Solildwork Simulation.

Based on the simulations, the second method is
not recommended for modeling welded connec-
tion. The first and third approach gives accept-
able results can be simply verified.

VERIFICATION OF RESULTS

Here, the first following section presents the pro-
cedure concerning the determination of resis-
tance welded connection according Euro Code
3 Part 1-8 [6] and in another section calculated
results are presented.

Design resistance of fillet weld EC 3, 1-8

Considering Euro Code 3 Part 1-8 the design
resistance of fillet welds will be sufficient if the
following are both satisfied:

2 7 2 fu fu
ol +3(ti{+1t5) <—— ando, <—(1
\/ = (J' ”) By YM2 oL }’Mz()

where u f - is the nominal ultimate tensile
strength of the weaker part joined f =430 MPa;
B, — is the appropriate correlation factor, for
S275JR B,=0.85; vy,,, — is recommended resis-
tance for connections y,,,=1.25.

Design resistance of welded connections has
been estimated using simplified method for de-
sign resistance of fillet weld. Independent of the
orientation of the weld throat plane to the applied
force, the design resistance per unit length F(WR ’
, at every point along the filled weld length should
be bigger then the resultant of all the forces per
unit length transmitted by the weld and satisfies

the following criterion:

Fw,Ed. < Fw,Rd = fvw,d “a

(2)
where: F, ., — is the design value of the weld
force per unit length; F(W) — is the design weld
resistance per unit length; fmd — is the design
shear strength of the weld; a — effective throat

thickness.

The design shear strength of the weld f(md)should
be determined from (1):

fu

———— =233 MPa (3)
\/§Ev Ymz

fuw,d =
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The resultant forces per unit length L on the
weld, F, ., (Figure 13):

Fopa = \/F; +EZ+F? (4)

where: F_- shear surface normal force; F - shear
weld axis force; F] - joint normal force.

The required weld throat thickness a and weld
size z for each node on the intersecting edge of
the terminated part can be calculated by setting

F c0=F 1.0 FOr double-sided welds:
_ Fw,Ed _
a= and z = — (5)
2 fow,d sin 45°

Verification results

Instead of calculating weld throat thickness,
comparison is made only with stress caused
by dominant axial force (Von Mises stresses
— equation 1).

o-vonMises = \/O-_E o S(Ti + TIZI) = \/O-f e 3 T_% (6)

 Faxiwr 10000
Y VZa,l, V23550

Oyon Mises = faf +3712 =804 MPa

It may be noted that the calculated value for
stress in the welded joint is significantly different
from the results obtained with FE analysis.

This can be explained by the fact that the stan-
dard does not predict turning moment that occurs
in this asymmetrical welded connection [07, 08].

The calculation according EC standards neglects
the existance of r,. On the other hand, FE analysis
takes into account the distribution of force through
the solid and this can be seen on Figure 14 — 18.

Given that Solidworks Simulation is a tool for
linear analysis (up to yield point), and EC stan-
dard applies to linear behavior of welded joint,
the decision about which method of modeling
within Solidworks Simulation is the most accu-
rate should be checked through experiment.

As an option for experimental analysis is the use
of strain gauges in the form of rosettes given in
Figure 20, which can determine the direction and
intensity of deformation at a certain point of the
test piece. Thus the results should be compared
with FE analysis.

0, =T = 40.4MPa (7)

(8)
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Figure 20: Rosettes strain gauges

CONCLUSION

The single—fillet lap joint treated in this paper is
specific case because it is asymmetrically loaded
welded joint. Its taken as an example on which
it was conducted FE analysis as well as verifica-
tion check according to Eurocode 3 part 8.

General conclusions can be summarized in the
following list:

+ Solidworks Simulation is an easy tool for fast
calculation;

* There are three methods by which it can be
modeled welded joint;

» There is a difference in the results depend-
ing on which version of the program used;

* Most anticipated results were obtained un-
der the first method shown in Figure 14;

* The existence of local maxima with a value
above the yield poin clearly shows that cer-
tain points in the welded joint are above the
linear limit;

» The difference that appears in results be-
tween different versions gives doubt about
the usefulness of the program;

» EC 3 part 3 do not describe the case of un-
symmetrical load, so get significantly lower
values of stresses in the weld which can’t be
use for comparison;

Finally, based on the research of this paper, its
recommended conducting experimental test for

Journal of Applied Engineering Science 14(2016)1, 349
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verification of the accuracy of one of the 3 meth-
ods provided within Solidworks Simulation.
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Cilj projekta predstavijenog u ovom radu je da se pokaze primenljivost SolidWorks Simulation mod-
ula za proraCun strukturnih zavarenih spojeva. Prezentacija se vrsi putem jednostavnog modela
aksijalno opterec¢enog jednom letvom preklopnog spoja. SolidWorks Simulacija nudi nekoliko opcija
za FEM analizu zavarenih spojeva. Sve razumne opcije su eksploatisane i njihovi rezultati se porede
u ovom radu. Referentne vrednosti se koriste za proveru rezultata FEM analize. One se izraCunavaju
na osnovu formulama opisanim u Eurokod 3 dela 8 koji se odnose na dizajn otpora filea zavarenih
spojeva. FEM analiza se vrsi u najnovijoj verziji SolidWorks Simulation 2015 i starije verzije 2012.
Rezultati dobijeni u obe verzije razlikuju jedni od drugih pod istim pocetnim uslovima. Konacno, rad
daje preporuke za pouzdanost SolidVorks Simulation da se koristi kao sredstvo projektovanja za
proracun zavarenih spojeva.

Kljuéne reci: Zavarena konstrukcija, Projektovanje otpora zavarenih spojeva, File zavarivanje, Meto-
da konacnih elemenata (MKE)
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