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ABSTRACT: This research focuses on solving a finite element analysis problem using LUSAS
software. The main objective of the research was to find the most suitable position simulation of
the hole in an ungraded mild steel structural plate in terms minimum maximum stress and to
demonstrate how such problems are analyzed using LUSAS software. This has been carried out
by introducing a two dimensional structure with a 20mm hole inside it. Besides, the 2D structure
has been modelled and analyzed using computational modelling software (LUSAS) to obtain
plane stresses. Furthermore, the 20mm hole has been positioned in the structure in order to min-
imize the maximum stress in the structure. The problem was tackled and analyzed with the aid of
LUSAS software. Generally, LUSAS works by analyzing equations using finite element method
and is consider one of the best structural analytical tools worldwide. Moreover, this research has
concluded that (1) the position of the hole has a direct influence on the maximum stress in plate,
(2) the more and smaller the element in terms of size, the more accurate results, (3) the elements
in regions of high stresses should be smaller than those in regions of low stress, (4) the maxi-
mum stress in the plate is at the curve side of the structure and around the hole, (4) quadratic
mesh provides better results than linear and was used due to the curves sides of the structure, (5)
applying the appropriate number of divisions on the plate maintains better and sensible mesh and
(6) dividing the mesh improves the results and gives mesh better appearance. Additionally, fur-
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ther investigations on finite element analysis should be conducted in the future to validate struc-
tures with different geometries, boundary conditions and material properties.

Introduction

Overview

This report is about finite element analysis of a problem using LUSAS. The finite element analy-
sis is a process of obtaining a numerical solution for a certain analytical problem. This method
works by dividing the plate or structure in to a number of elements and illustrates each of the el-
ements performance in an easy manner. The elements are connected with each other by nodes
(Cook, 2002). In the first section of this report, the analysis specification will be presented with a
description of the structure and analyses carried out such as, explanation of the analysis stages
and work done by the author from co-ordinates of the structure, position of hole, mesh design
and associated stresses. Moreover, the reasons behind carrying out the analysis for the structure
will be explained. The results obtained for the structure will be presented, along with a brief dis-
cussion on what they indicate and mean. Furthermore, the results will be discussed in terms of
plane stress and maximum stress. Finally, the conclusions will be stated clearly with an answer
to the client question and reliability of results obtained.

Main aims of the paper

The main objectives of the paper were:

To analyze the structure using finite element in an effective manner.

To calculate the maximum stresses at different positions of the hole and find out simple.

To find a suitable position of the hole to minimize the maximum stresses in the plate and deter-
mining the associated stresses.

To design appropriate mesh that looks sensible using finite element.

To present and discuss the results obtained for the analyzed plate.

Literature review

Jusheng and Nan (1993) presented a brief review on the techniques used by the finite element
analysis softwares.

Zou et al. (1996) has conducted numeri-
cal analysis on different breakouts in a
barehole. They did a stress distribution
analysis on a numerical squared shape
model with a borehole in the center of
the object. Moreover, the dimensions of
the analysised square were 540cm by
540cm with a radious of 30cm for the
center barehole. In addition, their analy-
sis focused on determining the
breakouts alignment and boreholes con-
stancy under the influence of different
strees angles. Considering the symetry
in the analyised structure, the analysis
was carried out on quarter of the square
as shown in figure 1 which illustrates a
quarter section of the analyised model,
along with the distribution of the finite
element mesh and boundary conditions.

o .\I_orm:fnl -— Loading Furthermore, their study concluded that
direction stress angle has a direct influence on the
restrained breakouts alignments of the boreholes.
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Figure 1. The arrangement of the finite element mesh by Zou et al. (1996).

Hamouda et al. (2001) did finite element analysis using LUSAS on the geometrical behavior on
cooling steel material class ST50. Moreover, the analysis was carried out by modeling three dif-
ferent mesh elements; these are cylinder, cone and pyramid. However, the research focused on
determining the temperature and residual stress of steel material.

Mackerle (2002) has presented the review of using finite element analysis and boundary element
methods and the difference in application between them. Mackerle (2002) has mentioned differ-
ent finite element analysis programs which are used such as ANSYS, SAP, DIANA, ABAQUS
and LUSAS. However, his review did not present any finite element results obtained using these
software’s.

On the other hand, Wan et al. (2016) investigated the axisymmetric problems using refined finite
element method. Furthermore, the finite element analysis was carried out on a thick walled hol-
low cylinder by refining and smoothening the mesh elements of the model as demonstrated in
figure 2. The study concluded that the best method to obtain high accuracy in results is by refin-
ing and smoothening the elements mesh of the finite element models. In addition, irregular mesh
elements could cause errors and unrealistic results during analysis. Additionally, the research
recommended further investigations in the future on refining meshing elements for 3D models.

Figure 2. The arrangement of the finite element mesh where (a) regular and (b) irregular ele-
ments by Wan et al. (2016).

Rao (2018) has presented the use of
ABAQUS, ANSYS and MATLAB soft-
ware’s to solve finite element analysis prob-
lems. Moreover, Rao (2018) has discussed
the stages and steps to be carried out to con-
duct finite element analysis using these pro-
grams, including the general use. In addition,
examples were given on the use of each
software in terms of modeling and analysis.
However, the examples did not focus on a
specific problem and were general. Such ex-
amples given by Rao (2018) included the
analysis of structural members under loads.
Besides, the analyzed examples were major-
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ly on the heat and temperature transfer. Fi-
nally but never the least, the presented stud-
(a) Regular elements (b) Iregular elements ies by Rao (2018) seemed to be more like
educational material and tutorials for using software’s to solve finite element analysis problems.
Zhou et al. (2019) proposed a new finite element approach to analysis axisymmetric problems.
The proposed approach was majorly based on a Hybrid Fundamental Solution (HFS). Further-
more, the analysis was validated on a thick-walled hollow cylinder model using various simula-
tions on mesh elements arrangements and number. Moreover, Zhou et al. (2019) has used
ABAQUS finite element analysis software to investigate and validate his proposed approach. In
addition, fundamental solutions approaches were conducted as part of the study. Figure 3
demonstrates a cross section of the thick-walled hollow cylinder with 48 and 432 elements mesh.
While figure 4 shows the contour map of the distribution of stresses in the analyses cross section
model. Finally, a comparison between the distribution of stresses in the cross sectional model
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It was not possible to put this research into the scientific context, neither it was possible to com-
pare the results obtained in this research with the other recent investigations due to massive vari-
ation between the studies as below:

- Different types of finite element analysis.

- Different boundary conditions.

- Different structural geometries.

- Different material properties.

Description of the structure

The structure is made from ungraded mild steel (KN, m, t, s, ¢) with a thickness of 10mm
(0.01m). As shown in figure 6 drawing of structure (Problem 2A) the geometry of structure has
some curves of a 25mm radius and four shaded holes of 20mm radius. Also the structure is
400mm in height and 1000mm in width and has four cut-outs at the corners. Each of the cut-outs
has a dimension of 100mm in height and 250mm in width. Furthermore, the plate is subjected to
a uniformly distributed load applied at each end. According to the author, the applied loading
was assumed to be 100KN/m. Mackie (2010) has stated that “...element type needed depends on
the geometry of structure and applied loading”. Therefore, the element type that has been used
was quadratic. This was chosen because of the curve side which can not be analysed using linear
analysis. Additionally, the quadratic element maintains better modelling and more accuracy.
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Figure 6. Shows the geometry of structure to be analyzed.

Problem 2A - Rahim Khalid Abdel

250 mm 500 mm

400 mm

250 mm

—

R =25mm

100 mm

200 mm

100 mm

Analysis specification

Purpose of carrying out the analysis

The main purpose of the analysis is to calcu-
late the maximum stresses of the plate at dif-
ferent positions of the hole and to find the
appropriate position of the hole with the min-
imum maximum stress. Another important
aspect of the analysis is to produce a sensible
and good looking mesh free of dodgy ele-
ments.

Procedures of the analysis carried out
Description of the stages and work done

As can be seen in figure 7 the structure can
be divided into four equal quarters. Since
each quarter of the plate has the same dimen-
sions and shape, the author has decided to
model and analysis one quarter of the plate.
The analysis of one quarter of the structure
was decided because of symmetry it is as-
sumed that each quarter will have the same
type of elements, mesh design and stresses.

Figure 7: Shows the co-ordinates of one quarter of the structure.

250 mm 250 mm
00.2) (0.25,0.2)
A
O)
i 100 mrm
20 mm (0.250.125)
Centre point of .
AN 0501 Y
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= 500 mm >

Initially, the co-ordinates of structure have
been identified and points were drawn as
shown in figure 7. Then the points were
joined together to form lines as part of mod-
elling and the plate surface was defined. The
next step was identifying material and thick-
ness of the plate as indicated in coursework
sheet. The material was recognized as mild
steel ungraded (KN, m, t, s, ¢) and thickness
was 10mm (0.01m). After that they were
both applied on the plate.

Finite elements analysis

The linearity of loads with respect to dis-
placement in the plate clarifies that the stiff-
ness matrix is symmetric. The symmetry was
used as indicated in the coursework sheet. In
addition, all the data and boundary condi-
tions such as, restraints and loads were ap-
plied correctly in the finite element model to
satisfy equilibrium and compatibility condi-

tions over the whole plate (Dawe, 1984). This was achieved by creating a uniform distributed
load with an applied load of 100KN/m. The uniform distributed load was applied on line 25
(points 26, 27) as shown in figure 3. In addition, symmetry XZ was applied on x — axis line 24
(points 25, 26) and symmetry YZ was applied on y — axes line 23 (points 24, 25) with respect to
figure 8. The next step that has been carried out was producing and applying mesh on the whole
plate. Due to the curve side in the plate and to achieve better results, the mesh was identified as
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quadratic at interpolation order and element shape was quadrilateral. Additionally, the type of
mesh chosen was irregular and plane stress for structural element type.
Figure 8: Shows the applied symmetry XZ, YZ and UDL.

Point 24—
8
-
20mm
‘.\‘ ) .
Symmetry YZ—»|Line 23 <«—Fuint 21
Line 25 | uoL
, Line 24 '
Paint 25— <+—Faint 26
Symmetry XZ

The two main aspects of solving this prob-
lem were obtaining a sensible and good look-
ing mesh with less maximum stress. These
aspects were fulfilled by applying the appro-
priate number of divisions in zones with the
maximum stresses. At the same time consid-
eration was taken in to account to the limited
number of division that can be applied, due
to the student software version which only
allows up to a total number of 500 divisions.
Generally, the number of divisions that has
to be applied depends on the geometry and
size of the plate. Dawe (1984) has stated that
“... the elements in regions of high stresses
should be smaller than those in regions of
low stress...” Accordingly, it was found that
the maximum stress in the plate is at the
curve side of the structure and around the

hole. Thus, the problem was tackled by applying more divisions on the curve side of the struc-
ture (point 23 - 28) and around the hole. In accordance to figure 9, six divisions were applied on
lines 21, 25 and 26 and eight divisions were applied on lines 22, 23 and 24. In addition, twelve
divisions were applied around the hole due to the high maximum stress at that region.

Figure 9: Shows the applied divisions.
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After applying the appropriate divisions and
before creating the hole, the plate was ana-
lyzed to find the zones with the maximum
stress as revealed in figure 10. The results of
the analysed plate before creating the hole
were divided in to 4 zones. As illustrated in
figure 11, zone 1 had the lowest maximum
stress and zone 3 showed the highest maxi-
mum stress in the plate especially in the
curve (points 23 and 28). Thus, it was as-
sumed that the appropriate position of the
hole will be within zone 1. Afterwards, the
hole was created with a start position co-
ordinates of (0.225, 0.195, 0), centre point
(0.225, 0.175, 0) and end point (0.225,
0.195, 0). Subsequently, a new surface of the

whole structure including the hole was created. Thus, the hole is part of structure after creating
the new surface.

Figure 10: Shows the mesh and associated stresses diagram of the plate with out the hole.
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Figure 11: Shows the zones 1 to 4 according
to the maximum stress.
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Position of the hole
\ The next step after creating the hole was
moving it within the plate. This was done us-
ing trail and error method to determine the
best location of the hole. The hole was
moved from a start position of (0.228, 0.198,
0.0), centre point of (0.228, 0.178, 0.0) and
end point of (0.228, 0.198, 0.0). Initially, the
1 1 1 hole was moved in 36 different positions
within zone 1 as shown in figure 11. In order
to be more confident the hole was also
moved in 66 different positions within the other zones (zone 2 to 4) to make sure that the appro-
priate position with the less minimum maximum stress within the plate is at zone 1. This was
done by moving the hole in both x and y directions. At each position the hole was moved 20mm
either in x direction, y direction or both. For each position the analysis was carried out to deter-
mine the maximum stress in the plate at a specific position of the hole. Firstly, the problem was
solved by running the program after moving the hole. Secondly, the contour results were identi-
fied as stress — plane stress for entity and component of SE. Subsequently, the range of results
and maximum stress were presented by the program as a contour diagram. The results of the 102
stages were then compared in terms of the maximum stress. Afterwards, the 36 stages moved in
zone 1 were evaluated with the 66 stages moved in zone 2 to 4. Furthermore, the results will be
discussed more in the results section of this report.
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Mesh design

Producing a fine mesh was one of the most important factors of solving the problem. The prob-
lem of refining the mesh has been resolved by dividing the mesh. It is known that the smaller
the element in terms of size, the more accurate results. Thus, dividing the mesh was decided to
obtain smaller elements in size which will aid in both improving the look of the mesh and in the
accuracy of the results. The mesh was divided after identifying the suitable position of the hole.
This was carried out in four phases. As shown in figure 12, the first phase was the fine mesh de-
sign which was refined after determining the appropriate position of the hole. The second phase
was dividing the mesh in to two individual surfaces. Hence, the mesh looked better after the di-
vision. The third phase was established by creating an additional mesh in the lower hand side of
the plate as illustrated in figure 13. This was decided due to the rectangular shape of this part of
the plate. The final phase consisted of four individual surfaces. This phase was carried out for a
better looking mesh with smaller element which enhanced the accuracy of the results. Generally
speaking, the fourth mesh phase diagram looks sensible and free of dodgy elements.

Figure 12: Shows the mesh for the four phases.
Associated stresses of the four phases
The maximum stress for the one mesh phase
was 19.0061E3 kN/m2 at node 95. On the
other hand, the maximum stress for two
mesh phase was 19.7878E3 kN/m2 at node
177. Due to the increase in maximum stress
after dividing the mesh in two parts it was
decided to divide the mesh in to a third mesh
phase. In addition, the maximum stress for
three mesh phase was 17.8765E3 kN/m2 at
node 295. This indicates that the stress is
minimized after dividing the mesh in to three
meshes. Afterwards, the mesh was again di-
C X vided in to a four mesh phase. This was done
AAAAAAAAAA i ¢ inorder toobtain smaller element sizes, thus,
more accurate results. Additionally, the max-
imum stress for four mesh phase was
““““““ [ Tt E o 17.913E3 kKN/m2.
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Figure 13: Shows the associated stresses diagram for the four phases.
Presentation of results

Results

© Table 1. lllustrates the movement of the hole
in x and y directions at each of the 36 posi-
tions for zone 1 along with the maximum
stress for each stage.
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Position  x-direction y-direction Max. Stress (m) (m)
(KN/m2)
1 Start point  Start point 19.628 E3
2 -0.02 - 21.481 E3
3 -0.04 - 22.180 E3
4 -0.06 - 19.357 E3
) -0.08 - 19.454 E3
6 -0.10 - 19.760 E3
7 -0.14 - 19.635 E3
8 -0.16 - 19.680 E3
9 -0.18 - 19.827 E3
10 -0.20 - 19.645 E3
11 -0.20 -0.02 19.840 E3
12 -0.18 -0.02 19.832 E3
13 -0.12 -0.02 19.448 E3
14 -0.08 -0.02 19.650 E3
15 -0.06 -0.02 19.740 E3
16 -0.04 -0.02 19.726 E3
17 -0.02 -0.02 19.157 E3
18 - -0.02 21.991 E3
19 - -0.04 19.207 E3
20 -0.02 -0.04 21.370 E3
21 -0.04 -0.04 20.956 E3
22 -0.08 -0.04 19.380 E3
23 -0.10 -0.04 21.024 E3
24 -0.14 -0.04 21.422 E3
25 -0.16 -0.04 19.522 E3
26 -0.18 -0.04 19.237 E3
27 -0.20 -0.04 20.038 E3
28 -0.20 -0.06 20.087 E3
29 -0.18 -0.06 19.445 E3
30 -0.16 -0.06 20.056 E3
31 -0.12 -0.06 20.349 E3
32 -0.10 -0.06 21.096 E3
33 -0.08 -0.06 20.243 E3
34 -0.06 -0.06 19.750 E3
35 -0.04 -0.06 19.006 E3
36 -0.02 -0.06 19.464 E3

Discussion of the results

The results were obtained from LUSAS as a contour map which shows the distribution of the
stresses in all regions of the plate. The analysis of the hole was carried out at 102 different posi-
tions within all the zones of plate. It was discovered that as the hole is moved towards the edges
of the structure and curve the maximum stress increases and the opposite is true. The results il-
lustrate the movement of the hole from a start point with a start position of (0.228, 0.198, 0.0),
centre point (0.228, 0.178, 0.0) and end point (0.228, 0.198, 0.0). As shown in table 1, the hole
was moved in 36 different positions within zone 1. The hole was moved 20mm each time either
in X — direction, y — direction or both as revealed in figure 14. Each position had different value
for maximum stress. For instance, position 2 was moved -0.02 meters (20mm) in x — direction
and the maximum stress at this position was 21.4812E3 kN/m2. Accordingly, figure 16 illus-
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trates the positions moved in all zones of the plate. In addition, the lowest maximum stress in
zone 2 was 20.0897E3 kN/m2 at position 46 and highest was 36.1768E3 kN/m2 at position 37.
Conversely, the lowest maximum stress in zone 3 was 25.9085E3 kN/m2 at position 56 and
highest was 100.0981E3 kN/m2 at position 65. Thus, zone 3 is the worst place for the hole to be
position in. Moreover, the lowest maximum stress was 21.3645E3 at position 89 and maximum
was 38.7124E3 at point 77. On the other hand, figure 15 shows the maximum stress values at
different position within zone 1. The maximum stresses were slightly different and the minimum
maximum stress in this zone and in the whole structure was at position 35 with a value of
19.0061E3 KN/m2.
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Figure 14: The movement of the hole within the structure.
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Figure 18: Shows the distribution of stresses con-
tour map for final mesh.

Conclusion

The finite element analysis of a problem using
LUSAS was set to find the most suitable position
of the hole in terms minimum maximum stress. It
was found that different positions of hole have dif-
ferent effects on the maximum stress value, for ex-
ample, the maximum stress was increased signifi-
cantly when the hole was moved in zone 3 and had
the highest values at that zone. The mesh was di-
vided in to four individual surfaces for the produc-
tion of sensible mesh which is free of doggy ele-
ments and accurate results. In addition, the maxi-

211

The author believes that the results are valid
to some extend. This is due limitation usage
of number of divisions applied and to some
errors in the software which may lead to not
very accurate results. After moving the hole
in 102 different positions within the plate
(zones 1 -2), carrying out the associated
stresses analyses for each position and com-
paring the results, it was found that position
35 is the optimum position with the lowest
maximum stress. Moreover, the contour
map results in figure showed that the mini-
mum stress is at zone 1 where the optimum
position was found to be.

Figure 15: Position number vs. maximum
stress at zone 1.

Figure 16: All the positions number moved
VS. maximum stress within structure.

Figure 17: The final four phase mesh dia-
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mum stress was moderated in value when the hole
was moved in zone 2 and 4. Thus, the appropriate po-
sition was found to be in zone 1.

The results obtained revealed that position 35 is the
optimum position in the structure. Furthermore, fig-
ures 17 and 18 shows the final mesh produce along
with a contour map of stresses distribution in struc-
ture. This position was found after analyzing and
comparing 102 different positions in the whole struc-
ture. Moreover, the maximum stress at this point was
19.0061E3 kN/m2. According to results the following
has been concluded:

The position of the hole has a direct influence on the
maximum stress in plate.

The more and smaller the element in terms of size,
the more accurate results.

The elements in regions of high stresses should be
smaller than those in regions of low stress.

The maximum stress in the plate is at the curve side
of the structure and around the hole.

Quadratic mesh provides better results than linear

L T T T T T T pe— ey

g and was used due to the curves sides of the structure.
§ I Applying the appropriate number of divisions on the
8 plate maintains better and sensible mesh.
§ 2 % g Dividing the mesh improves the results and gives
g 23 T mesh better appearance.
2%y ge85: §_ 28 § 5 2 The minimum maximum stress was at position 35
1:°: pummew omm: with a value of 19.0061E3 kN/m2.
EEE55 - _.'é £ The results could have been improved by using the

full version of LUSAS software to apply more divi-
sion on the structure. This could not be achieved using the student version which allows up to a
total of 500 divisions. The usage of the full version permits more divisions to be added which
aids in producing a finer mesh with more elements and smaller in size.
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