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Abstract

The effect of specimen width and incorporation of a circular hole on the tensile
behaviour of commercially available aluminium alloy AA 1100 was studied using
finite element analysis (FEA) for convergence with the already published
experimental work of other researchers. Static structural analysis was conducted
to simulate tensile loading of Japanese industrial standard (JIS) specimen JIS Z
2201 No. 13B and No. 5 until the point of the ultimate tensile strength (UTS) was
reached. A strain rate of 0.25 mm/s was used for both the neat specimen and the
one bearing a circular hole of 8 mm in diameter at the centre of the specimen. The
numerical results exhibited a good agreement with the experimental work by
comparison of the percentage elongation for numerical and experimental data.
The normal stresses calculated using analytical and numerical approaches also
reflected a good convergence. For neat specimens of JIS Z 2201 No. 13B and No. 5,
a 100 % increase in specimen width enhanced the load required to reach UTS by
100 %, while elongation was increased by 30 %. On the other hand, for specimens
of JIS Z 2201 No. 13B and No. 5, bearing an 8 mm circular hole reduced the load
required to reach UTS by 300 %, while elongation was only increased by 25 %. The
200 % decrease in load required to reach UTS and 57 % reduction in elongation
was observed by incorporating an 8 mm circular hole in the neat specimens.

1. Introduction

and H14. Due to its good workability, thermal
conductivity, corrosion resistance and strength, it

Aluminium and its alloys have tremendous
applications in almost all of the available
industries, namely aerospace, automobiles, food
and beverages, construction, composites and even
the defence industry is not new to this class of
materials [1,2]. Their wide range of properties,
namely good formability, high specific strength,
good corrosion resistance and cost-effectiveness
make them a potential candidate of interest for
various designers, manufacturers and industrialists
[3,4].

Aluminium alloy AA 1100 is one of the purest
commercially available wrought alloys which has
various cold worked designations available to
increase mechanical strength, namely H18, H16
This work is licensed under a Creative
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has various applications in rivets, sheet metal and
cooking utensils [5,6].

Finite element analysis (FEA) is an effective
computational approach to solving various
engineering problems by modelling a situation
according to the applied boundary conditions and
then obtaining a solution using different
mathematical models. ANSYS is commercially
available software that is frequently used to
simulate such problems to obtain a numerical
solution [7-11].

Stress magnification and stress concentration
are commonly defined as an increase in the stress
of a specimen at the same applied load due to
surface or subsurface circular holes or flaws that
act as points of stress risers which result in
premature failure of the material as compared to
the predicted load and stress [12-17].
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This article has used FEA to acquire a numerical
solution to the results presented by Sulamet-
Ariobimo et al. [5] to study the effect of specimen
width and circular hole presence on the tensile
behaviour of the specimens.

2. Methodology

2.1 Material properties

Sulamet-Ariobimo et al. [5] have discussed
mechanical testing of commercially available AA
1100 using JIS Z 2201 No. 13B and No. 5 standard
flat sheet non-proportional type specimens,
providing a desired failure region under tensile
loading. The nominal chemical composition and
mechanical properties of the alloy with the
designation H14 are mentioned in Tables 1 and 2,
respectively. Dimensions of the specimens are
shown in Figures 1 and 2, respectively.

Table 1. Nominal chemical composition of AA 1100

Element Cu Mn | Zn |Si+Fe |Other| Al
wt. % 0.05-0.20|0.05| 0.1 | 0.95 | 0.15 |99.3

Table 2. Mechanical properties of AA 1100 [5]

2.2 Numerical modelling

A static structural module was used to model
the tensile behaviour of both specimens until
ultimate tensile strength was reached. Boundary
conditions were set according to specifications
mentioned by Sulamet-Ariobimo et al. [5] as
shown in Table 3. A circular hole of 8 mm in
diameter was also incorporated into the specimens
to compare the effect of the stress riser under the
same boundary conditions.

Table 3. Boundary conditions applied [5]

Condition Value

Fixed support end X-axis

Strain rate (displacement) 0.25 mm/s (x-axis)

Specimen thickness 2 mm

2.3 Meshing

Mesh sensitivity analysis was done for model
calibration using stress and deformation as the
output parameters. After iterative element size
optimisation, when less than 5% change in the
output parameters was observed irrespective of
the element size, the meshing criteria were
finalised for all specimens as shown in Table 4

Property Value
Density, g/cm3 271 [7,8,18,19]. Flg.u.re 3 represent§ the r’r?eshmg and
— boundary conditions of the tensile specimen.
Modulus of elasticity, GPa 69
Poisson's ratio 0.33 Table 4. Meshing criteria
Yield strength, MPa 105 Mesh type
Ultimate tensile strength, MPa 124 Specimen Type (SOLID186 Nodes | Elements
and
T=material thick. SOLID187)
, .’
12,5 ) Bemi
S A— ~Brmin. 20 mm neat brick | 749 88
L=50 mm D— JIS Z 2201
R=20to P=60mmapp.  R-20 to No. 13B 8mm
30
mm 80 mm circular | triangular | 76,865 | 3725
Figure 1. Dimensions of tensile specimen JIS Z 2201 hole
No. 13B; reprinted from Sulamet-Ariobimo et al. [5],
licensed under CC BY-NC-ND 4.0 neat brick 048 115
T=material thick. JISZ 2201
- o
N | Webmm _ ___ ____ B=min.30mm circular | triangular | 10,188 | 4882
% hole
I 4 NS |
L=50 mm . .
R=20to P60 mm app. 2.4 Analytical solution

Figure 2. Dimensions of tensile specimen JIS Z 2201
No. 5; reprinted from Sulamet-Ariobimo et al. [5],
licensed under CC BY-NC-ND 4.0

The theoretical and numerical normal stresses
at a fixed load of 150 N were also compared as per
the procedure mentioned in [12]. The maximum
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C: Displacament-AA1100-Static Structural-5
Static Structural

Time: 1. 5
5712018 1:18PM

[B] Fixed Support
Displacement.

50.00 () Z/Ln x

(a)

12.50 3750

5000 ) 1 Z/L y

Figure 3. Tensile specimen: (a) boundary conditions
and (b) meshing conditions

1250 3750

average normal stress through the cross-section of
the specimens was calculated analytically by
dividing it against the applied force. The same was
evaluated numerically using finite element
analysis (FEA). A quantitative comparison was
made using graphical visualisations for validation
of the model.

3. Results and discussion

In order to validate the finite element model,
the percentage elongation reported by Sulamet-
Ariobimo et al. [5] was compared with the
numerical analysis results. The experimental
results showed a 32 % increase in elongation while
the numerical results showed an increase of 30 %
in elongation. This indicated that the variation
between numerical and experimental results was
less than 7 %, indicating good convergence and
validation of the model for further parametric
analysis.

Figures 4 to 7 show the stress distribution for
each specimen under the above-mentioned
meshing and boundary conditions. It can be seen
that for both neat specimens, irrespective of the
specimen width, uniform stress distribution along
the gauge length was observed. However, for the
circular hole specimens, the stress was majorly
concentrated along the circular region of the
circular hole since it acted as a stress riser.

D: Displacement-AA1100-Static Structural-138
Equivalent Stress

Type: Equivalent (von-Mises) Stress

Unit: MP3

5/19/20181:23 PM

125 Max
11659
10818
99776
01360
82962
74555
66147
5774
49333 Min

i

A

0.00 25.00 5000 (mm)
—— e
12.50 3750

Figure 4. Stress distribution for neat tensile specimen
JISZ 2201 No. 13B

Time: 9
512018 1:13PM

125Max.
1188
11261
10641
10021
04018
aramz
81626
7543
69.234Min

A

5000 (mrw)
1

1250 3750

Figure 5. Stress distribution for neat tensile specimen
JISZ 2201 No. 5

Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: P &

5/19/20183:32 PN
12489 Max

111.41
o784

A

Figure 6. Stress distribution for tensile specimen JIS Z
2201 No. 13B with an 8 mm circular hole in the centre
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D:8mm crack- Displacem ent-AA 1100-Static Structural-5
Equivalent Stress "
Type: Equivalent (von-Mises) Stress @
Unit: MPa

5/19/20183:35 PM

12459 Max
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24612
1267
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3131
17966
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Figure 7. Stress distribution for tensile specimen JIS Z
2201 No. 5 with an 8 mm circular hole in the centre

Figures 8 and 9 show the load-deflection curves
for the neat and circular hole specimens,
respectively. It can be seen that as the specimen
width has increased, the load required to reach
UTS and the total deflection have also increased
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for both, the neat and the circular hole specimen.
By comparing the neat specimens with their
circular hole counterparts, it was observed that
both, the load required to reach UTS and the total
deflection or elongation decreased for the circular
hole specimens.

On the other hand, for specimens JIS Z 2201 No.
13B and No. 5, bearing an 8 mm circular hole, a
100 % increase in specimen width reduced the
load required to reach UTS by 300 %, while
elongation was only increased by 25 %. A 200 %
decrease in load required to reach UTS and a 57 %
reduction in elongation was observed by

6000 incorporating an 8 mm circular hole in the neat
// .
L specimens.
5000 — . .
I —JIS 72201 No. 5 Table 5. Results of simulation
I —JIS Z2201 No. 13b
~ 4000 . Width, | Load, |Elongation
zZ ’ ’ ’
T‘?,/ / Specimen Type mm N %
S 3000 e
—— neat 12.5 | 3000 1.4
JISZ 2201
2000
No. 13B
I _8mm 125 | 1000| 06
| circular hole
1000 |
T y , , T neat 25 6000 2
0.0 02 04 06 08 1.0 JISZ 2201
Deflection (mm) No. 5
. 8|m“; o| 25 |4000| 08
Figure 8. Load-deflection diagram for neat tensile circufar hole

specimen JISZ 2201 No. 13B and No. 5

4500
4000 P— |
3500 ~
3000 +
g ]
S 2500
@© ]
o
= 2000
i /‘ —JIS Z2201 No. 13b (crack d=8mm)
1500 — JIS Z2201 No. 5 (crack d=8mm)
1000 //
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Figure 9. Load-deflection diagram for tensile
specimen JIS Z 2201 No. 13B and No. 5 with an 8 mm
circular hole in the centre

Table 5 shows for different specimen widths
the results of load at UTS and percentage
elongation at UTS for both, the neat and circular
hole specimens. The results discussed by Sulamet-
Ariobimo et al. [5] showed a 32 % increase in
elongation while the numerical results showed an
increase of 30% in elongation. The numerical
results exhibited a good agreement with the
experimental work. For neat specimens JIS Z 2201
No. 13B and No. 5, a 100 % increase in specimen
width, enhanced the load required to reach UTS
by 100 %, while elongation was increased by 30 %.

Figure 10 shows the comparison between
theoretically calculated analytical normal stresses
on both types of specimens with their
corresponding numerical counterparts. The
comparison was made for the maximum average
normal stresses through the cross-section of the
specimen thickness. For the analytical calculations,
the corresponding cross-sectional area was
reduced by increasing the diameter of the circular
hole, while for the numerical models, each model
was developed separately by changing the
diameter of the circular hole and then updating
the final specimen before meshing.

It was observed that irrespective of the
specimen type, the normal stress in the structure
increased with the subsequent increase in the
diameter of the circular hole. Moreover, specimen
JIS Z 2201 No. 13B reflected an exponential
increase in the normal stress, while specimen JIS Z
2201 No. 5 showed a linear increase in the normal
stress against the same corresponding diameter of
a circular hole. This can be attributed to their
respective geometrical properties, i.e. the former
specimen has a smaller cross-sectional area than
the latter specimen due to which, at the same
load, the respective stress is larger in the specimen
with the least cross-sectional area. A good
convergence between the theoretical and
numerical results was observed with a variation of
less than 5 %.
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Figure 10. Analytical versus FEM results for normal
stress against the diameter of a circular hole

4. Conclusion

A finite element model for standardised tensile
specimens has been successfully calibrated and
validated by using appropriate meshing density,
followed by a convincing comparison with already
published experimental results. The effect of the
circular hole on the stress generated in the
respective  specimens has been analysed
numerically, which indicates an exponential and
linear increase in the normal stress, depending
upon the size of the circular hole and the
geometric properties of the specimen. A good
convergence between the analytical, numerical
and experimental results has been observed with
an overall variation in the results being less than 5
%. Since tensile testing is a core area of material
testing, especially in the automotive and aerospace
industries, this calibrated and validated model can
be augmented with experimental apparatuses for
the universal testing machines (UTM) available in
different engineering universities, as well as, the
industries using the standardised tensile
specimens. The same can be used for parametric
analysis, material comparison, structural integrity
and risk assessment studies.
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