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Abstract

Motorcyclists find speed bumps problematic because they require them to slow down. A concept
comes to create a technology and can use a power plant with a generator driving source from
speed bumps in its application. The product is designed and made on a big scale to allow all cars
going through speed bumps. Because it is important to handle the kinetic energy generated from
the vehicle in order for it to be transformed into electricity and connected to the load. Several tests,
such as static and impact testing, are performed on the speed bump to get a material that is
resistant to structural integrity. Simulation was used to perform static and impact testing using
ansys software. As for the material, durian skin is very suitable as a mixture of materials, because it
contains fibers that can be used for concrete reinforcement. Also obtained the equivalent stress of
0.05 MPa. The x-Axis voltage is 0.01MPa. The y-axis stress is 0.04 MPa. The results of this study can
be concluded that the concrete composite reinforced with durian skin fiber also has the potential to
be used as a speed bump power generator.
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INTRODUCTION

Durian production in Indonesia is quite abundant. For example, North Sumatra
province. Data from the National Statistics Center shows that durian fruit production in
North Sumatra is increasing every year, along with the increase in the durian fruit
harvest area, from 24,031 ha in 1999 to 53,770 ha in 2003, thus there is an increase in
durian production in North Sumatra from 646,593 quintals in 2017 to 828,724 quintals
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in 2018 [1].

However, as shown in a research done by Malaysia's Ministry of Agriculture and

Agro-Based Industry, about 50-65 percent of the flesh from each durian is consumed as
food. The remainder, around 45-55 percent, can be regarded as waste covering durian
skin and seeds. Approximately 40% of durian skin may be generated [2].
The results showed that durian skin proportionally contains high cellulose elements
(50-60%) and lignin content (5%) and has starch content (5%) so that it can be
indicated that durian skin can be used as a mixture of food raw materials, as well as
processing materials. materials that can be utilized [3].

Biomass and biogas technologies may be used to harvest energy from the durian
industry. For example, durian skin fibers have been employed to reinforce polymeric
materials and concrete [4]. The skin fiber of something like the durian cannot be utilized
directly. The fat content of durian skin fibers is reduced by a number of processing steps.
Several items reinforced with durian skin fiber have been widely employed in our
laboratory for light constructions due to their light weight while remaining good enough
to handle external stresses. [5].

Figure 1 Power generation equipment using a speed bump [6]

Speed bumps are considered to interfere with motorcyclists to reduce motor
speed [6]. The concept of creating a tool that may be utilized as a power plant with a
generator driving source from a bump emerged. A power electronics circuit is used as a
regulator of the generated output. [7].

In this paper, Durian skin fiber combined with foam concrete is used as a
composite concrete aggregate of speed bumps that produce electricity. As indicated in
Figure 1, the speed bump is installed in a mechanical system. The speed bump's
translational motion is mechanically translated into circular motion on the fly wheel,
which is coupled to the power production equipment. The speed bump works best
with this connection while beneath heavy trucks (up to 10 km/h).

The speed bump design process follows the KM Menhub standard number 3 of
1994. The main parameters used in the static structural simulation include the selected
meshing size, the selection of fixed support and the magnitude of the load received by
the speed bumps. Simulations were carried out on Ansys software using the Finite
Element Analysis (FEA)[8]-[13] method. Static structural analysis using Ansys
Workbench [14]. Ansys is a numerical solution program (Finite Element Method) based
on its visual simulation. The division of elements (discrete) is the stage of dividing the
structure into small parts. The objective of this research was to establish the maximum
static stress that the speed bump structure could withstand. The results of this analysis
are expected to be input to the designs that have been made.
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MATERIALS AND METHODOLOGY

Material Strength Theory

In designing a product, it is necessary to establish a material selection procedure
that is appropriate to the application conditions. The strength or stiffness of the material
is not the only criterion that must be considered in structural design [15]. However, the
strength of the material is as important as other material properties such as hardness,
toughness, which are the criteria for determining material selection [5]. The strength of
the material can be calculated and simulated with a tensile test experiment on the
specimen from the stress due to the applied tensile force using the help of analysis
software (ANSYS) using the finite element method with a numerical approach.

Material

From our previous research, we created a class of confoam materials [8]. Based
on the findings and recommendations from our previous work [10], we chose the B4-
confoam type to create a full-scale speed bump in this investigation. The physical and
mechanical properties of the material are shown in Table 1.

Table 1 Properties of Mechanic Confoam [8]

Type Suc Sut, \4 E
Specimen (MPa) (MPa) (MPa)
B4 2.1 0.18 0.2 10.1
Speed Bump Design

Speed bumps are manufactured in compliance with the geometry specified in the
Minister of Transportation's Decree. number 3 of 1994, as shown in Figure 2. In this
paper, we propose the geometry and dimensions shown in Figure 2. Figure 3.
Dimensions the main speed bumps are as follows: length, L = 1900 mm, witdh, w =
400mm, thickness, t = 40mm).
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Figure 2 Ministry of Transportation 2 of 1994 (standard size of the Ministry of
Transportation)

L=1800 mm
t=4DV'=f /
|
Ii w =400 mm

Figure 3 Detail Speed Bump
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Speed bump modeling is done using Solidwork software. The modeling steps are as

follows:

a. Selection of the right plane in the modeling of speed bump parts

b. assembly parts.

c. Image storage Speed bump model with the standard format of Ansys software,
namely IGES. The provision crane dimension model is shown in Figure 3.

Numerical Simulation

Static Structure Simulation The simulation is carried out on Ansys software with

the Finite Element Analysis (FEA) method of completion, with the following steps:

a. Import the speed bump model file with IGES format (igs).

b. Selection of the type of static structural analysis in the toolbox.

c. Selection of model geometry on static structural geometry.

d.The selection of the type of speed bump material is using composite foam in
Engineering Data.

e. Selection of the type of speed bump meshing with a fine size.

f. Determination of the location of the support (support) on the structure.

g. Determination of the location of the load and the magnitude of the load received by
the structure based on the safety factor at the speed bump.

h. Selection of the type of solution you want to produce.

The load applied to the contact area of the speed bump (Figure 4) which
represents the trajectory of the vehicle tires is obtained from a quarter of the total
vehicle weight allowed for class IIl roads. Numerical calculations focused on the stress
distribution at x, y, and principal points using commercial FEM software, with 3-D
elements, we also calculated the von-Mises stresses. Let's examine the stress contour of
the speed bump product.

H: Speed bump H 40 mm AS
Modal Pressure
Tirne: 1.5

472372021 1:02 PM

. Modal Pressure: 3,7512e-002 MPa

0.00 £00.00 (rrirn) /k
e — z ¥

400.00

Figure 4 Model in Contact field
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RESULTS AND DISCUSSION

Figure 5 (a-c) illustrates the stress distribution in the speed bump model's x, y,
and main directions. Table 2 displays all calculations. We discovered that applying a
speed bump can sustain the tire's axial force. However, by comparing the static strength
of the speed bump material with pressure and in line with static failure theory, we
discovered that an equivalent stress of 0.05 MPa was determined from the findings of

the top side static simulation. The tension on the x-axis is 0.01MPa. The stress on the y-
axis is 0.04 MPa.

Table 2. Maximum stress in the x, y, and directions main (in MPa)

Hasil simulasi oX oy ol
Benturan cepat 0,01 0,04 0,05

H: Speed bump H40 mm B4
Martmal stress

Type: Mormal Stress (¥ Lxis)
Unit: MPa

Global Coordinate System
Tirne: 1

472372021 12:59 Ph4

0.014976 Max
0.0020965
Q.0075165
0.0062997
0.00347124
0.0043025
0.0033173
0.0020400
0.0Mm4z09
-0.046936 Min

0.00 200,00 {rar) /L
I z H

400,00

(a) Equivalent stress
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H: Speed bump H40 mm B4
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Tirne: 1

442372021 12:58 PM

0.056319 Max
0.053903
0.051898
0.050929
0.045915
0.048219

0.045053
0.038123

0.01963
2.07311e-14Min

0.00 800,00 (rrm) z/I\
 — ®

400,00
(b) Stress x-direction normal

H: Speed bump H40 mm B4
Marrmal Stress 2

Type: Morrnal Stress(y Dwis)
Unit: kAPa

Global Coordinate Systern
Tirre: 1

42372021 1:00 PhA

0.04618 Max
-0.0014581
-0.016052
-0.030702
-0.045334
-0.05996
-0.074586
-0.083212
-0103H
-0.18461 Min

0.00 £00.00 {rrrm) /I\
e — T X
400.00

(c) y direction normal stress

Figure 5 Contour of stress due to loading on the top surface (a) Equivalent stress (b)
Stress x-direction normal (c) y direction normal stress
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CONCLUSION

The purpose of this research is to investigate the speed bump analysis of concrete
foam composites utilized in power production. Durian skin fibers are used to strengthen
the concrete foam. To determine the structural integrity of the speed bump model,
numerical software based on FEM ANSYS was used. It is worth noting that the x-
directional tension is lower at the entrance base and gradually increases as the tire
reaches the top surface of the speed bump. However, it is worth noting that the height of
the velocity speed bump has no discernible effect on the equivalent stress. The von
Mises stress is comparatively small in comparison to the static strength of the speed
bump material, as seen in Figure 5.a. According to the result of this research, the
concrete foam composite reinforced with durian skin fiber has the potential to be
utilized as a speed bump power generator.
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