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Keywords

Portable open waste container is a traditional waste transport tool that is
still widely used in various places. Skid frame is an important component
in the construction of portable open waste container that serves to
withstand static and dynamic loads during waste transport. Therefore, it
is necessary to analyse the strength of the skid frame structure to ensure
the design is able to withstand the given load. This research aims to
analyse the stress distribution, deformation, and safety factor of the
portable open waste container skid frame using the Finite Element
Analysis method in Solidworks software. The analysis results show that

Portable open waste container,
Skid frame,

Finite element analysis (FEA),

Stress simulation test,

Factor of safety (FOS) using

SolidWorks

the maximum stress that occurs in the skid frame is 249.921 MPa which
almost reaches the yield stress of ASTM A36 steel material, which is 250
MPa, with a maximum deformation of 20.544 mm, and a minimum safety
factor of 0.6. Based on these results, it can be concluded that the skid
frame design needs to be optimised to improve the durability of the
structure and safety during operation.
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1. Introduction

This Waste management is a critical aspect
in preserving the environment and maintaining
sustainable  development. One important
element in the waste management system is the
design and implementation of portable waste
containers that are designed to facilitate the
transportation and collection of waste from
various locations (Adicita & Afifah, 2022). The
skid frame of a portable waste container has a
primary function as a load-supporting structure,
which directly affects operational efficiency and
safety. Thus, the structural stability and
mechanical strength of the skid frame are
parameters that cannot be ignored in the design
and development process (Yingjun Guan et al.,
2010).

The structural design of skid frames often
faces various challenges, especially in ensuring
that the operational loads received by the
structure do not cause material failure. Previous
research has shown that structural failures
generally occur at connection areas or critical
points that receive the highest stresses. For
example, research highlights that conventional
designs often fail to comprehensively consider
stress distribution, making them prone to
cracking and permanent deformation. This
indicates an urgent need to use numerical
simulation-based approaches to evaluate and
optimise structural designs (Fitrianisa et al.,
2023).

The Finite Element Analysis (FEA) method
has proven to be an effective tool in analysing
the mechanical behaviour of structural
components (Abbas et al., 2020). Using finite
element-based simulation, designers can model
stress distribution, deformation and factors of
safety under wvarious loading conditions.
Research by Patel and Parmar shows that the use
of FEA is able to identify weak areas in the
initial  design as well as  provide
recommendations to strengthen the structure
(Restu Pahlawan et al., 2021). In this context,
SolidWorks software is one of the most widely
used platforms due to its ability to integrate 3D
design and numerical analysis in one working
environment.

Static stress analysis is the main focus in
this study, as static stress reflects the internal
force distribution generated by a fixed load. This
parameter is important for evaluating whether
the material used is capable of withstanding the
load without suffering permanent damage.

Several previous studies have shown that static
stress analysis is effective in evaluating the
mechanical ~ performance  of  structures,
particularly in applications involving heavy and
repetitive loads, such as waste transport systems
(Adicita & Afifah, 2022).

The urgency of this research lies in the need
to ensure the reliability of skid frame designs
under increasingly challenging operational
conditions. The waste management industry is
constantly evolving, with an increasing need for
portable  waste containers capable of
withstanding large loads and being used in a
variety of environmental conditions. Without in-
depth analysis, inadequate design can result in
structural failure, which not only results in
material loss but also safety risks to users (Putri
Adnyani et al., 2019). Therefore, this research
has not only academic value but also high
practical relevance.

This research also seeks to bridge the gap
that still exists between structural design theory
and its real-world application. For example,
although various design standards have been
published for mechanical components, many
skid frame designs are designed based on
conservative assumptions without considering
in-depth numerical analyses (Rizki Amelia &
Prasetyo, 2019). This study aims to integrate
numerical simulation-based approaches with
structural design principles to produce more
reliable and efficient designs.
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Figure 1. Study workflow

In this study, the material used for
analysis is ASTM A36 structural steel, which is
one of the most common materials in structural
applications. This material was chosen because
it has adequate mechanical strength as well as
wide availability, making it suitable for
application in skid frames. Previous studies have
shown that ASTM A36 steel has ideal
characteristics for structural applications,
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especially under static loading conditions (Sajid
& Kiran, 2018).

Overall, this research  offers a
comprehensive approach in evaluating and
improving the skid frame design of portable
waste containers. By utilising FEA in
SolidWorks, this research not only provides an
in-depth overview of the stress distribution and
deformation in the structure, but also generates
design  recommendations that can be
implemented in the industry. The contribution of
this research is expected to provide a solid
foundation for further development in numerical
simulation-based structural design.

2. Literature Riview
2.1 FEA on Steel Frame Structures

Finite Element Analysis, or FEA, has
become one of the most practical ways to
understand how steel frame structures behave
under different loads. It allows engineers to
visualize stress distribution, identify weak areas,
and make design adjustments before any
physical prototype is built. This approach saves
both time and material, while giving designers
more confidence that the frame can handle real
working conditions. In many engineering
studies, FEA is also used as a learning tool to
compare how different frame geometries
respond to the same load, which helps improve
both accuracy and safety in structural design.

This method has been widely applied to
diverse structural components, including boat
trailer sliders and steel module frames, to
evaluate performance under various loading
conditions, and to predict buckling loads in
modular steel structures. Furthermore, FEMs
have been successfully employed to investigate
the compressive behaviors of corner-supported
modular steel sway frames, demonstrating high
accuracy in predicting compressive resistance
and stiffness (Khalid et al., 2024).

2.2 Static Analysis and Deformation

Static analysis plays a key role in
evaluating whether a structure can remain stable
when it is exposed to fixed or constant loads.
Through this analysis, it becomes possible to
estimate how much stress and deformation occur
in each part of a frame. In practice, most
deformation tends to appear at connection points
or where the geometry changes, since those
spots often carry higher stress. A well-designed
frame should keep the deformation within elastic

limits, ensuring that the material can return to its
original shape when the load is removed. When
deformation values are high, it usually means the
frame needs reinforcement or modification of its
cross-section. This process helps prevent long-
term failure and ensures that the structure can
perform safely during operation.

However, a significant challenge in
structural analysis, particularly for modular steel
frames, is that conventional steel design codes
often overestimate column strength,
highlighting the inadequacy of isolated member-
based design equations for complex assemblies
(Yang et al., 2025). Previous research has often
focused on simplified mechanical analysis, with
finite element method analyses rarely utilizing
solid modeling, resulting in less detailed
structural optimization (Yang et al., 2025).
Moreover, the reliability of finite element
models is highly dependent on the accuracy of
their input parameters and boundary conditions,
with simplifications in material modeling,
support conditions, and geometric imperfections
often leading to significant scattering in
predictive outcomes (Khan et al., 2023).

2.3 Use of ASTM A36

ASTM A36 is one of the most widely used
types of mild steel for construction and
mechanical applications. It is favored because it
combines moderate strength with good ductility
and ease of fabrication. The material is easy to
weld and form, which makes it suitable for many
structural projects. Although its yield strength is
not extremely high, its predictable behavior
makes it ideal for testing and simulation. In
static loading conditions, A36 tends to show
consistent  stress—strain  patterns, allowing
designers to rely on simulation data for accurate
predictions. When used properly, this steel can
provide both strength and flexibility, balancing
safety and cost efficiency.
For instance, its application in cold-formed steel
components, such as I-sections, C-sections, and
L-sections, demonstrates its versatility in both
non-structural and load-bearing  built-up
sections, which can be further optimized through
advanced finite element analysis (Thangavel et
al., 2025). The adaptability of ASTM A36 also
extends to its use in composite cold-formed steel
beams, offering a lighter alternative to hot-rolled
steel beams and enabling various structural
system applications (Nawar et al., 2025). This
broad applicability, however, necessitates
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careful consideration of connection integrity, as
modular steel structures rely heavily on robust
load transfer mechanisms between members and
modules (Morido-Garcia & De Santos-Berbel,
2024; Yang et al., 2025).

2.4 Relevance to Skid Frames and

Containers

Skid frames and waste container structures
are good examples of how these analytical
approaches come together in real engineering
practice. These frames must support large,
uneven loads and face repeated handling during
daily operations. Because of this, designers often
focus on how stress spreads along the
longitudinal beams and at welded joints. When
those areas are not well reinforced, cracks or
excessive bending can occur over time. By
applying FEA and static analysis, engineers can
identify where to place stiffeners, adjust beam
thickness, or modify the overall geometry. Even
small changes in design can significantly
improve load distribution and reduce
deformation. This makes the combination of
A36 material and simulation-based optimization
a practical choice for developing safe, durable,
and efficient skid frame structures.

Previous research on steel structures has
explored various aspects, including the cyclic-
plastic response of mild steels, which are
extensively used due to their ductility and work-
hardening potential, especially in applications
demanding low-cycle fatigue assessment (Nath
et al., 2021). Further studies have also focused
on the computational modeling of residual stress
in welded high-strength steel box sections,
where finite element method models are
validated using experimental data to explore the
impact of various parameters on residual stress
distributions (Tu et al., 2025).

3. Research Methodology

This study was designed to analyse the
static stresses in the skid frame of a portable
waste container using the Finite Element
Analysis (FEA) method performed on
SolidWorks software. The method used includes
the following steps: measurement of container
volume, calculation of average domestic waste
load, calculation of total container static load,
and FEA simulation based on the parameters
obtained from the previous steps. Each step is

described in detail with real measurement results
to provide an evaluation of the approach taken.

3.1 Measurement of Container Volume

Volume measurement using standard
containers from waste transport vehicles. In this
study using a sample of the most common
vehicle used by the Environmental Service with
the type of ArmRoll vehicle with Portable
Container. This high efficiency container bin has
the advantage of being able to stay at the waste
disposal site, then the full container bin will be
transported on the next travel route.

Figure 2. Specification of truck (Spesifikasi
Teknis pengadaan Arm Roll Kontainer, 2012)

Portable Container Bin specifications
consist of a 3 mm SPHC floor and UNP 100
main frame with ASTM A36 Casbon Stell
Material (Widiastuti et al., 2019). The container
volume is calculated based on the outer
dimensions  specified in the technical
specifications. The actual data shows that the
container has outer dimensions of 3310 mm
length, 1890 mm width and 1350 mm height.
The volume is calculated using the basic
geometry formula.

V=PxLxT (1)

According to the calculation, the maximum
volume capacity was found to be 8.45 M3.
However, the effective capacity was 6m3 to
account for the unfilled empty space.

3.2 Calculation of Average Generated Load

of Domestic Waste

The waste load is calculated based on the
standard density p of waste and the effective
volume of the container. Based on SNI 19-3964-
1994, the density of domestic waste is in the
range of 350-400 Kg / m3 (Adicita & Afifah,
2022). With pwaste = 375 Kg/M3 and filled
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volume (V) = 6 m3, the waste period is
calculated as follows:

M= pwaste x filled volume (2)

According to the calculation, the waste load
was 2250 kg.

3.3 Total Static Load Calculation of

Container

The total static load is the sum of the empty
weight of the container and the weight of the
transported waste. Based on the material
specifications, the empty weight of the container
is estimated to be 600 Kg. The total static load is
calculated using the formula:

W Total = W empty + (M x g) (3)

According to the calculation, the W total
was 22.815 N.

34 FEA Analysis & Simulation in
SolidWorks
The simulation process uses the updated
dimensions and is performed in the following
stages:

1. Geometry Modelling: A 3D model was
created based on the new sizes, including
length 3310 mm, width 1890 mm, and height
1350mm, using SolidWorks software.

2. Material Definition: ASTM A36 is a standard
carbon steel widely used for its strength,
ductility, and economical cost. With a main
chemical composition such as carbon (0.25-
0.29%), manganese (1.03%), and phosphorus
(0.04%), this material offers a balance
between strength and ease of fabrication. The
yield stress of 250 MPa and maximum tensile
stress of 400-550 MPa make it ideal for
structural applications that require high
resistance to static loads (Abbas et al., 2020).
The modulus of elasticity of 200 GPa
indicates adequate stiffness, while the
elongation at break of 20% indicates good
deformation capability before fracture,
providing additional safety under repeated
load conditions. ASTM A36 is also easily
welded and formed, making it suitable for a
wide range of applications such as building
frames, bridges, and mechanial components.
With these properties, ASTM A36 supports
applications such as skid frames, where
material strength and load distribution are

critical (Buranapunviwat & Sojiphan, 2021).

3. Application of Loads and Boundary
Conditions: In  this simulation, the
application of loads and boundary conditions
is designed to reflect the real operational
conditions of the skid frame as the main
structural component of the portable waste
container. This step is critical to ensure that
the analyses reflect stress and deformation
distributions that match the actual loads that
the structure will receive in a working
environment (Farida et al., 2024). The load is
statically applied as a vertical normal force
(Z-direction) on the bottom longitudinal
element, which acts as the main support of
the structure. The magnitude of the load was
calculated based on a combination of the
empty weight of the container and the full
waste mass, with a total applied load of
22,815 N. This loading was evenly
distributed at key contact points to simulate
the waste mass distribution conditions inside
the container. This approach is designed to
provide a realistic simulation of force
distribution, where the largest loads are
concentrated on structural elements that
directly receive gravitational forces (Farida
et al., 2024). Boundary conditions are set at
key support points at the base of the skid
frame. These points are fixed to represent
direct contact between the skid frame and the
ground surface or transport vehicle. The
establishment of these boundary conditions
ensures that the reaction forces generated
during loading can be realistically transferred
to the structural elements. These conditions
simulate the structural interactions that occur
in waste transport in real environments.

Figure 3. Joint force with load 22,815 N

4. Simulation Analysis: Simulation analysis
shows that the current design is close to the
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material tolerance limit, with high stress
concentrations, significant deformation, and
a low factor of safety. Design modifications
are required to increase the safety margin and
ensure long-term structural reliability. These
measures will not only improve mechanical
performance but also ensure that the structure
is capable of meeting more stringent
operational requirements in the future.

4. Results and Discussion
4.1 Static Stress Test Simulation Results

and Design Analysis

The static stress simulation results
performed on the skid frame showed a
maximum stress concentration of 249.921 MPa,
which almost reached the yield stress of ASTM
A36 steel material, which is 250 MPa. The
maximum stress was identified at the connection
area of the lower longitudinal element, which
serves as the main force channeling point. This
phenomenon can be explained by the structural
design and load distribution, where non-optimal
frame geometry results in high stress
concentrations in certain areas. The influence of
the shape of the structural elements as well as the
limited placement of the reinforcing elements
contributed to this result.

Figure 4. Static stress simulation

This Skid frame designs with a rectangular
configuration and a single longitudinal element
provide efficient performance for resisting
vertical loads. However, this design has inherent
weaknesses, especially at the joints of the
horizontal and vertical elements that receive the
greatest concentration of forces. This uneven
stress distribution indicates that the main
structural elements are working at maximum
capacity, while some other elements are
underutilised. These results are consistent with
the findings of previous research by Mustasyar,
who found that conventional designs on skid

frames often exhibit high stress concentrations
at joint areas (Perkasa et al., 2021).

However, compared to the study conducted
by Ghea Rizki Amelia, who analysed skid
frames for horizontal pressure vessels, the
maximum stress identified in this study was
higher (Rizki Amelia & Prasetyo, 2019). In that
study, the maximum stress was recorded at
150,795 MPa, well below the yield stress limit
of S275JR material of 275 MPa. This difference
could be due to the different load distribution,
where pressure vessels tend to have a more
centralised load distribution at certain points,
whereas waste containers have a more even load
along the frame surface.

4.2 Deformation Simulation Results

(Displacement test)

The simulation results show a maximum
deformation of 20.544 mm at the bottom
longitudinal area of the skid frame. This
deformation occurs at elements with high stress
concentrations due to uneven load distribution.
This indicates that although the current design is
able to withstand the total static load without
direct failure, potential deformation problems
need to be considered, especially in the
structural elements that receive the largest loads.
Further in-depth analysis shows that the existing
design  form  significantly affects the
deformation results, especially in terms of the
overall stability of the structure. develop the
calculation analysis.

| 10272

Figure 5. Displacement simulation results

The skid frame structure in this study was
designed using frame elements in the form of
rectangular beams, which generally provide
better stress distribution compared to simpler
profiles such as pipes or round bars (Restu
Pahlawan et al., 2021). However, this design
also creates force concentration points at the
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joints between elements, especially in areas that
receive direct loads from the container. The high
stress at the joint area triggers localised
deformation, which then affects the total
deformation of the structure.

The geometrically symmetrical shape of
the skid frame helps to distribute the load
throughout the structure. However, imbalances
in loading, such as concentrated loads in certain
areas, enlarge local deformations in the lower
longitudinal elements. This situation is in line
with the findings of simulation results of
previous research on automotive frames, which
showed that uneven load distribution in skid
frame structures can cause  excessive
deformation in areas with lower stiffness (Abbas
etal., 2020).

4.3 Factor of Safety Result

The geometrically symmetrical shape of the
skid frame helps to distribute the load
throughout the structure. However, imbalances
in loading, such as concentrated loads in certain
areas, enlarge local deformations in the lower
longitudinal elements. This situation is in line
with the findings of simulation results of
previous research on automotive frames, which
showed that uneven load distribution in skid
frame  structures can cause excessive
deformation in areas with lower stiffness[4].

Figure 6. Factor of Safety Simulation Results

Skid frame designs consisting of main
support elements, such as steel profiles with
joints at critical points, tend to create stress
concentrations in the joint areas and lower
longitudinal elements. This configuration,
although efficient in terms of materials, has
limitations in distributing loads evenly
throughout the structure. As shown in the
simulation results, the maximum stress occurs at
the longitudinal joint area, which receives the
largest load from the static force distribution.

In addition, the symmetrical and
rectangular geometry of the skid frame also
affects the factor of safety. According to Dewi
Tumewu, non-optimal geometry shapes can
create stress concentrations in the structure and
lower the factor of safety (Tumewu et al., 2019).
To increase the factor of safety, design
modifications are required by considering
aspects of load distribution, structural element
configuration, and frame geometry optimisation.
Thus, skid frame structures can be designed
more reliably and safely to support hazardous
waste container applications. (Abbas et al., 2020;
Evtushenko S.I. et al., 2017; Restu Pahlawan et
al., 2021)

5. Conclusion

The simulation results show a clear
relationship between the structural design of the
skid frame and the stress distribution, maximum
deformation, and factor of safety (FOS). The
maximum stress value of 416,534 MPa, far
exceeding the ASTM A36 material yield stress
limit of 250 MPa, highlights the major
weaknesses of the current design, especially at
the main joints and lower longitudinal elements.
These locations became stress concentration
points due to the suboptimal design in
distributing static loads. The maximum
deformation of 20.544 mm indicates that the
structure underwent significant deformation,
although it is still within the tolerance limits for
certain applications. However, deformations of
this magnitude indicate that the structure may
suffer long-term damage, especially under
repeated load conditions. The minimum factor
of safety of 0.6, which is well below the
recommended standard (>1.2), emphasises the
potential risk of structural failure.

These results are in line with previous studies,
such as the one conducted by Abidin, which
highlighted the importance of adding stiffening
elements and geometry optimisation to reduce
stress concentrations. The study showed that
redesigning by adding transverse stiffeners and
increasing the dimensions of the frame elements
can reduce the maximum stress by up to 25%
and increase the FOS to more than 1.2. Amelia
and Prasetyo's research also confirmed that high
stresses in the main joints are a common
problem in skid frame design, especially without
additional reinforcement (Rizki Amelia &
Prasetyo, 2019). This linkage shows that the
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weaknesses of the current design can be
overcome by approaches that have been proven
in previous studies, such as load distribution
optimisation, stiffening element addition, and
geometry modification. With the
implementation of these measures, stress
distribution can be improved, deformation can
be minimised, and FOS can be increased,
making the structure safer and more reliable in
long-term applications.
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