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Abstract: In this study, a numerical investigation ten-
sile test using ANSYS on three different carbon and al-
loy sheets of steel: AISI 1030 medium carbon steel, AISI
1080 high carbon steel and high-strength low-alloy (HSLA)
A606 steel, has been carried out. The influences of three
different specimen geometries on the stress–strain curve
were also investigated. Understanding the properties of
these materials, such as stress–strain obtained from a ten-
sile test, is important. Materials are subjected to forces or
loads when in use, for example, steel in a ship’s hull expe-
riences significant stresses and strains. In such situations,
it is necessary to understand the characteristics of the ma-
terial because grounding or collisions can occur, which de-
form the materials. The differences in stress and strain ob-
tained from three specimenswith different geometries and
mesh sizes of 2.5, 5, 7.5, and 10 mm for all proposed steels,
were observed. The results showed that the ultimate ten-
sile strength was always lower in specimen 2 compared to
the other specimens. Furthermore, the highest von Mises
stress and strain contour was located in the midsection of
specimens 1 and 3 in all of the proposed materials.
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1 Introduction
Researchers and vehicle designers have gone to great ef-
forts to explore the safety characteristics of several mo-
tor vehicles [1]. Often, two groups of methods are used to
quantify the impacts of these characteristics on vehicle
safety [2]. The first is based on testing the ability of a ve-
hicle to avoid a crash at the pre-crash stage (crash avoid-
ance) and the second is to protect its occupants at the post-
crash stage (crashworthiness). In crashworthiness, thema-
terial used in the vehicle design can be damaged when a
crash or collision occurs. The maritime transportation sys-
tem is a critical component of transportworldwide andhas
an important contribution to the global economy which
is covering more than 90% of international trade [3]. Ap-
proximately 11 billion tons of cargowas transported by sea
in 2018 [4]. The efficiency and capacity of maritime trans-
portation continues to develop with the growth of global
trade activities and new technologies. Furthermore, ship-
ping is one of the most important modes of transporta-
tion,.Over recent years, studies on maritime transporta-
tion, especially covering ship accidents, have been car-
ried out [5–9]. However, the maritime transportation sys-
tem (MTS) poses several risks as it consists of several el-
ements related to humans, ships, the environment, and
management. As a consequence, this system is vulnera-
ble to several types of hazard, many of which can result
in accidents such as collisions, groundings, contacts, sink-
ing, and fires [10]. Moreover, maritime accidents create un-
avoidable risks for individuals and society in terms human
and economic losses, and negative environmental conse-
quences [11].
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Recent computation power improvements have made
it practical to carry out finite elementmodeling of largema-
rine structures subjected to a collision. Since experimen-
tal tests in actual-scale marine structures demand heavy
financial investment, heavy-duty equipment, and compli-
cated logistics [12], reduced scale applications are particu-
larly important in marine engineering. Experimental stud-
ies of the crashworthiness of marine structures most often
deal with collision tests in simplified structures, and their
aim is to represent sections of an actual marine structure.
Tensile strength testing is one of the most important engi-
neering tests used for metallic materials to obtain the ma-
terial’s characteristics. During a tensile test, a specimen is
subjected to a controlled tension until failure, providing
material characteristics such as yield strength, ultimate
tensile strength, and strain at break.

In this paper, we assess the performance of three
steel materials (i.e., AISI 1030 medium carbon steel, AISI
1080 high carbon steel and high-strength low-alloy (HSLA)
A606) in tensile tests using a numerical approachwith AN-
SYS software. The different geometries of the specimen are
also considered in the numerical approach. The influence
of the mesh size on the values of the stress–strain curve in
the steel materials are analyzed and we then summarize
the results.

2 Literature review

2.1 Tensile test

Materials are subjected to forces or loads when in ser-
vice, for example, steel in a ship hull experiences signif-
icant stresses. In such situations, it is necessary to know
the stress–strain characteristics of the material because
grounding, impact, or collision can occur, deforming the
materials. One of the most common mechanical stress–
strain tests is performed using tension. The tension test
can be used to ascertain several mechanical properties of
materials that are important in design. In the tension test,
a specimen is deformed with a tensile load that is applied
uniaxially along the long axis of a specimen, usually until
a fracture occurs. The output of a tensile test is recorded as
a load or force versus elongation. The load and elongation
arenormalized to the respectiveparameters of engineering
stress and engineering strain. Figure 1a shows the uniaxial
tensile test sample and the tensile testing machine that is
used to obtain a stress–strain curve. Figure 1b shows the
changes in shape of the specimen during tensile testing.

(a)

(b)

Figure 1: (a) The uniaxial tensile test sample and tensile testing
machine [13], and (b) the shape of the specimen changes during
tensile testing [14]

Engineering stress σ is defined by Equation 1.

σ = F
A0

, (1)

where F is the instantaneous load applied perpendicu-
lar to the specimen cross-section and A0 is the original
cross-sectional area before any load is applied. Engineer-
ing strain ϵ is defined by Equation 2.

ϵ = li − l0l0
= ∆ll0

(2)

where l0 is the original length before any load is applied
and ∆l is the deformation elongation or change in length
at some instant, as referenced to the original length [15].

2.2 Crashworthiness

Crashworthiness is the degree to which a transportation
model or vehicle will protect its occupants from the effects
of an accident. While in the ship, crashworthiness can be
described as the ability of the structure to protect its cargo,
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(a)

(b)

Figure 2: Illustrations of (a) a single-hull design [21] and (b) the
midship section of a double hull tanker [22]

passengers, crew, or other important entities during an ac-
cident. There is great demand (both private and public) to
reduce the risk of loss of human life and oil spillages at sea
and to minimize the damage caused by groundings or col-
lisions of the ship. Over the past decade, regulations cov-
ering ship designs have been strengthened in the United
States (U.S.). One of the regulations—the use of the dou-
ble hull structure—was enacted by the Oil Pollution Act
in 1990, which requires that all new oil tankers operating
in U.S. waters be designed with a double hull. Figure 2
shows illustrations of the single hull and double hull ship
design. Furthermore, the increased demand for safety of
marine transportation, especially in terms of ships andma-
rine pollution, is closely related to environmental issues
associated with disasters due to oil spillage. This has led
to improvements in crashworthiness both in terms of hull
structures and rescue operations. In ship–ship collisions
or grounding events, the impact energy ismainly absorbed
by large structural deformations in the ships’ structure.

An illustration of a ship–ship collision is shown in Fig-
ure 3. Over the last few decades, efforts have beenmade to
develop reliable analysis tools and procedures for evaluat-
ing the response of hull structures during accidental load-

Figure 3: Illustration of a ship–ship collision [23]

ing [16]. Nevertheless, understanding the stress–strain of
amaterial inwhich tensile load is applied uniaxially along
the long axis of a specimen until a fracture occurs is still
an important characteristic. Furthermore, various meth-
ods have been developed to analyze the structure of ship
crashworthiness and internal mechanics during ground-
ing and collision events.By knowing and controlling the
structural behavior of ship hull structures during ground-
ings and collisions, ship safety can be improved. It is very
important to conduct research on the risk analysis of ac-
cidents and provide decision support for maritime safety
management [17–20].

3 Benchmark study

3.1 Experiment and analysis profile

In this work, we validated our numerical simulation using
ANSYS by comparing our results with a previous bench-
mark study by Jose and Anto [24]. The test was conducted
by increasing the load to pull the specimen until a frac-
ture occurred. The specimen created for this tensile test is
shown in Figure 4 and the dimensions of the specimen are
listed in Table 1. The material properties of the specimen
in this study are described in Table 2. To obtain a variety of
results, mesh sizes of 2.5, 5, 7.5, and 10 mmwere chosen to
be applied to the numerical models. The results of the nu-

Figure 4: Specimen created for the tensile test [24]
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Table 1: Dimensions of the specimen tested [24]

Description Overall
length
(L)

Length of
reduced

section (A)

Length of
grip section

(B)

Gauge
length
(G)

Width
(W)

Width of
grip section

(C)

Radius of
fillet (R)

Thickness
(T)

Dimensions
[mm]

457 229 76 203 35 51 25 10

Table 2:Material properties of the specimen tested [24]

Material Density (kg/m3) Young’s modulus (GPa) Poisson’s ratio Yield strength (MPa) Plastic strain
Mild
steel

7860 211 0.28 247 0.02

merical calculationwere compared in terms of the value of
vonMises stress, stress, and strain. This discussion will be
presented in the next section.

3.2 Results

The results of the numerical calculation of the tensile test
in the current study and the benchmark test from the previ-
ous study by Jose and Anto [24] are summarized and com-
pared in Table 3. The results based on the simulations of
the tensile test presented a good correlation with the pre-
vious study [24]. As listed in Table 3, the value of vonMises
stress, stress, and strain of the specimen in the mesh size
7.5 and 10 mm produced the most similar to the previous
study. Further, it was obtained that the mesh size 2.5 and 5

mmproduced a higher value of vonMises stress and stress.
Theoverall results suggest that thepresentmethodology in
conducting the finite element simulation has successfully
produced similarity result with the previous study by Jose
and Anto [24]. The configuration and setting of the bench-
mark will be applied further in the tensile test study.

4 Analysis preparation

4.1 Geometry and material

Specimens with three different geometries were used in
this study. The dimensions of the specimens are shown in
Figure 5, and those shown in Figure 5a, 5b have both been
used before in the numerical analysis of ship collision and

Table 3: Benchmark study’s result and the results of the current tensile test

Mesh size Minimum Maximum
(mm) von Mises

(MPa)
Stress
(MPa)

Strain
(-)

von Mises
(MPa)

Stress
(MPa)

Strain
(-)

Benchmark data referred to [24] N/A N/A N/A N/A 205.8 182 1.48

Current FE analysis

2.5 4.5 −21.3 0.0 342.1 353.1 1.5
5 5.0 −21.1 0.0 339.5 332.0 1.5
7.5 5.1 −39.5 0.0 199.0 179.0 1.5
10 1.1 −85.6 0.0 194.8 184.0 1.5

Table 4:Material properties of the proposed carbon and alloy steels

Material Steel
grade

Density
(kg/m3)

Young’s
modulus (GPa)

Yield strength
(MPa)

Ultimate
strength (MPa)

Poisson’s ratio
(-)

Medium carbon steel 1030 7850 206 345 550 0.29
High carbon steel 1080 7850 205 585 965 0.29

High-strength low-alloy A606 7870 205 310 448 0.28
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(a)

(b)

(c)

Figure 5: The geometry of specimen tested: (a) Specimen 1; (b)
Specimen 2; (c) Specimen 3

grounding [25, 26]. Figure 5c shows a specimen that was
used in a study of tensile tests conducted by Iannucci et
al. [27].

We also used three types of steel in the tests,
i.e., medium-carbon, high-carbon, and high-strength low-
alloy (HSLA). The properties of these materials are pre-
sented in Table 4.

4.2 Scenario and boundary conditions

The tensile test was defined as the opposite axial load act-
ing on both sides of the specimen gauge length until a frac-
ture occurs. The meshing size was determined to be 2.5, 5,
7.5, and 10mm for the specimens.Wemeasured the stress–
strain, von Mises contour and strain contour.

(a)

(b)

(c)

Figure 6: Geometry characteristics of all three specimens with AISI
1030 steel: (a) Specimen 1; (b) Specimen 2; (c) Specimen 3
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(a) (b)

(c) (d)

(e) (f)

Figure 7: Von Mises contour of the specimens with AISI 1030 steel (mesh size 2.5 and 10 mm): (a-b) Specimen 1; (c-d) Specimen 2; (e-f)
Specimen 3

(a) (b)

(c) (d)

(e) (f)

Figure 8: Strain contour of the specimens with AISI 1030 steel (mesh size 2.5 and 10 mm): (a-b) Specimen 1; (c-d) Specimen 2; (e-f) Speci-
men 3
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(a)

(b)

(c)

Figure 9: Geometry characteristics of all three specimens with AISI
1080 steel: (a) Specimen 1; (b) Specimen 2; (c) Specimen 3

5 Results and discussion

5.1 Geometry characteristic

Figure 6a, 6c shows that with the geometry of specimens
1 and 3 and AISI 1030 steel, fractures occurred at a load of
348.3 MPa and strain of 1.48. With the geometry of speci-
men 2, fractures occurred at a load of 347.13MPa and strain
of 1.49when themesh sizewas 2.5mm. For the same exam-
ple, when the mesh size was 5, 7.5, and 10 mm, fractures
occurred at 230.5 MPa, 252.2 MPa, and 326.9 MPa, respec-
tively, as shown in Figure 6b. The von Mises stress con-
tours, which represent failure due to stress, are presented
in Figure 7. The concentration of vonMises stress contours
in specimen 1 were mainly found in the center of the re-
duced section of the specimen, and stress had started to
expandand reached the grip section. A similar patternwas
found for specimen 3 and a mesh size of 2.5 mm, in which
the highest vonMises stress was located in themidsection.
However, for specimen 2, the von Mises stress was found
to be widely distributed across almost the entire specimen.
An observation of the strain contour also indicated that
there was a significant difference in terms of the contour
obtained when specimen 2 had a mesh size of 10 mm, as
shown in Figure 8. Even so, the biggest strain contour was
mainly located in the midsection for all of the specimens.

5.2 Applied material

Figure 9a,c shows that for specimens 1 and 3 with AISI
1080 steel, fractures occurred at a load of around 374.3
MPa and a strain of 1.48. With regard to specimen 2, frac-
tures occurred at a load of around 363.3 MPa and a strain
of 1.47 when the mesh size was 2.5 mm. For the same spec-
imen, when the mesh size was 5, 7.5, and 10 mm, fractures
occurred at 238.2 MPa, 345.9 MPa, and 259.1 MPa, respec-
tively, as shown in Figure 9b. A similar pattern of vonMises
stress contours was found in specimens 1 and 3 with mate-
rial AISI 1080 and HSLA A606, as presented in Figures 10
and 11, respectively.

It was found that the highest von Mises stress was
located in the center of the reduced section of the speci-
mens, and the stress started to expand and reached the
grip section. A similar patternwas found for the strain con-
tour, as shown in Figures 12 and 13. The most significant
strain contour was mainly located in the midsection of the
specimens. However, specimen 2 with a 10 mm mesh size
showed a different pattern.
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(a) (b)

(c) (d)

(e) (f)

Figure 10: Von Mises contour of the specimens with AISI 1080 steel (mesh size 2.5 and 10 mm): (a-b) Specimen 1; (c-d) Specimen 2; (e-f)
Specimen 3

(a) (b)

(c) (d)

(e) (f)

Figure 11: Von Mises contour of the specimens with HSLA A606 steel (mesh size 2.5 and 10 mm): (a-b) Specimen 1; (c-d) Specimen 2; (e-f)
Specimen 3
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(a) (b)

(c) (d)

(e) (f)

Figure 12: Strain contour of the specimens with AISI 1080 steel (mesh size 2.5 and 10 mm): (a-b) Specimen 1; (c-d) Specimen 2; (e-f) Speci-
men 3

(a) (b)

(c) (d)

(e) (f)

Figure 13: Strain contour of the specimens with HSLA A606 steel (mesh size 2.5 and 10 mm): (a-b) Specimen 1; (c-d) Specimen 2; (e-f)
Specimen 3
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(a)

(b)

(c)

Figure 14: Geometry characteristics of the specimens with HSLA
A606 steel

5.3 Mesh size

Figure 14a, 14c shows that for specimens 1 and 3withHSLA
A606 steel, fractures occurred at a load of around 343.8
MPa and strain of 1.48. For specimen 2, fractures occurred
at a load of 337.8MPa and strain of 1.48when themesh size
was 2.5 mm. For the same specimen, when the mesh size
was 5, 7.5, and 10mm, fractures occurred at 227.2MPa, 314.4
MPa, and 250.3 MPa, respectively, as shown in Figure 14b.

5.4 Overall discussion

For the tensile test process, specimens 1 and 3 showed al-
most the same result in terms of stress and strain values
for the three proposed materials. Specimen 2 showed simi-
lar results to specimens 1 and 3 when the mesh size was
2.5 mm, but when the mesh size was 5, 7.5, and 10 mm,
the stress–strain values were lower for all three proposed
materials. In term of von Mises stress, it was found that in
specimens 1 and 3 with the three proposed materials, the
highest von Mises stress was located in the center of the
reduced section of the specimen, and the stress started to
expand and reached the grip section. However, for speci-
men 2, the von Mises stress was found widely distributed
over almost the entire specimen in all of the proposed ma-
terials. An observation of the strain contour indicated that
a significantlydifferent contourwasobtained for specimen
2 with a 10 mm mesh size. Besides that finding, the high-
est strain contour was located in the midsection of all of
the specimens in all of the proposed materials.

6 Conclusions
This paper presents a study of the tensile test on differ-
ent steel materials. A benchmark study was used to en-
sure that the numerical methodology used in this paper
was able to provide reliable results. The geometry of spec-
imens 1 and 3 always showed similar results in all pro-
posedmaterial configurations in terms of stress and strain.
The geometry of specimen 2 only showed the same results
as specimens 1 and 3 when the mesh size was 2.5 mm. A
similar von Mises stress pattern was found in specimens 1
and 3 with all the proposed materials, that is, the highest
von Mises stress was located in the center of the reduced
section of the specimen, and the stress started to expand
and reached the grip section.However, for specimen 2, von
Mises stress was found widely distributed over almost the
entire specimen in all of the materials. The strain contour
results also indicated that there was a significant differ-
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ence in the contour obtained when specimen 2 had a 10
mmmesh size. Besides that finding, the biggest strain con-
tour was located in the midsection of all of the specimens
with all of the proposed materials.
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