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Abstract. This paper discusses the analysis of speed bump made of concrete foam composite
which is used to generate electrical power. Speed bumps are designed to decelerate the speed
of vehicles before passing through toll gates, public areas, or any other safety purposes. In
Indonesia a speed bump should be designed in the accordance with KM Menhub 3 year 1994.
In this research, the speed bump was manufactured with dimensions and geometry comply to
the regulation mentioned above. Concrete foam composite speed bumps were used due to its
light weight and relatively strong to receive vertical forces from the tyres of vehicles passing
over the bumps. The reinforcement materials are processed from empty fruit bunch of oil palm.
The materials were subjected to various tests to obtain its physical and mechanical properties.
To analyze the structure stability of the speed bumps some models were analyzed using a
FEM-based numerical softwares. It was obtained that the speed bumps coupled with polymeric
composite bar (3 inches in diameter) are significantly reduce the radial stresses. In addition, the
speed bumps equipped with polymeric composite casing or steel casing are also suitable for
use as part of system components in producing electrical energy.

1. Introduction

In search of energy harvesting originated from waste materials in oil palm industry, empty fruit
bunches (EFB) were used to produce EFB concrete composite. As you are aware that that the EFBs
were left behind after being stripped of their fruits used for oil production. The processed EFB fibers
were used to strengthen concrete mixture. A new material produce from EFB fibers and concrete is
called concrete foam composite (confoam). It is physically light in weight compared to conventional
concrete mixtures.
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Syam, et al [1-3] has used the so called confoam for several light structure products, such as tiles,
parking bumper, and speed bumps [4].

In this paper, confoam is used as speed bumps for generating electrical power. As shown in Figure
1, The structure of the speed bumps is equipped with casing and attached on top ofthe apparatus top
plate. With this connection, the speed bump is able to function well when they are subjected to both
static (speed up to 10 km/hr) and impact load (speed more than 10 km/hr) resulted from vehicles
passing on them.

Figure 1. Energy harvesting (power generation) using speed bump

2. Materialsand Method

2.1. Material
As shown in Figure 1, the speed bump is placed on a bed equipped with steel casing attached to the
top plate of the power generation set (genset). The speed bump receives load from wheel cars passing
throuh the street. To withstand both static and impact loads the speed bumps have to be designed and
manufactured so that they meet engineering characteristics and other requirements. For this, we select
a newly developed materials in our research center which are light in weight and strong enough to
withstand both the static and impact loading (not reported in this paper).

There are several class of the confoam materials [3]. In this research, we choose type AS in which
its physical and mechanical properties of the material are shown in Table 1.
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Table 1. Confoam mechanical properties (Laporan penelitian MP3EI)

Type Suc.(MPa) Su, MPa) [ E
spesimen (MPa)
A5 2.1 0.18 0.2 10.1

2.2. Geometry and Dimension of speed bump

The geometry of speed bumps used in this research has met the requirements stated in Kemenhub
(Ministry of Transportation regulation), number 3, 1994, as shown in Figure 2. Some parts of the
geometry of speed bumps has been revised to meet the structure integrity of speed bumps when they
are subjected to vehicle loadings passing over, i.e. top surface configuration and speed bump base. In
this paper, we propose the geometry and dimensions as shown in Figure 3 and 4. Main dimensions of
the speed bumps are as follow: (1) length, L=400mm, (2) width, w=200mm, and (height, t=50mm).

As shown in Figures 3 and 4, there are three models proposed in this study. One is strengthened
with a single solid polymeric composite bar with various diameters (d=1 inch, d=2 inches, and d=3
inches). The second model used two solid polymeric composite bars with various diameters (d=1 inch,
d=2 inches, and d=3 inches). The third one (not shown) is the solid speed bump (without strengthened
bar) enclosed with steel plate.

M 120mm

Min 150 mm

memysLuskan

Desaln stamdar Alat Pembatay Kecepatan (Polls) Thdur)
Berdasarizan KM Manhulb Na. 2 Tabun 1994 tentang
Alat Panpendali dan Penpaman Pemakai ialan

Figure 2. Kemenhub number 3 1994 (Transportation Ministry Regulation)
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Figure 3. Geometry and dimension of speed bump with single bar (1% Model)
(a) one-inch bar, (b) two-inch bar, and (c) 3-inch bar

(@) (b) (©

Figure 4. Geometry and dimension of speed bump with double bar (2™ Model)
(a) one-inch bar, (b) two-inch bar, and (c) 3-inch bar

3. Numerical Simulation

3.1. Load Model

In addition to the speed bumps with the geometry and dimensions of the finite element models shown
in Figure 3 and 4, we also simulate solid speed bumps enclosed with steel casing (not shown). The
latest model is also sought for its structure integrity in terms of stresses due to static loading. We use
static load of 3,290 Newton per contact area of 2,000 mm?. The load, applied on the crown of the
speed bump (Figure 5), was obtained from one fourth of the total of vehicle weight permitted for class
I road. Numerical calculation is focused on the stress distribution in X, y, and priciple direction using
a commercial FEM software, with 3-D elements. For steel case model we also calculate the von-Mises
stress ([Jvon). Let us observe the stress contour of the models one-by-one.
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Figure 5. Static load mod

3.2. Stress contour

Figures 6-9 show the stress distributions on X, y, and principle direction on the speed bump models.
All calculations are shown in Table 2. We obtained that using double polymeric bar at the bottom of
speed bumps reduces the maximum stresses and definitely will also withstand the axial force from
vehicle tyres. However, by comparing the static strength of speed bump material with stresses, and in
accordance with the static failure theory, speed bumps will fail under static loading, except for bar
diameter of three inches. We observed that the bigger size of stregthened polymeric bar significantly
decreased the maximum stress from 0.6 MPa to 0.0001 MPa. The result dictates that we may use this
design for power generation speed bump.

It is also interesting to observe the response of speed bumps when they are enclosed with steel or
polymeric composite bars (reported in other papers). Figure 7 shows response of steel case due to
static loading. We observe that the von-Mises stress is lower enough than that of static strength of
speed bump material. The results conclude that case-type speed bumps are susceptible to withstand the
loading. Thus, they will be potential to be used for speed bump power generation.

Table 2. Max stress in x, y, and principle direction
D X D y D 1

1 inch single polymeric bar 0.389  0.530 0.587

1 inch double polymeric bar 0.531 0.199 0.483

D X D y D 1
2 inch single polymeric bar 0.177 0.231  0.656

2 inch double polymeric bar -0.22 0.225  0.356
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Table 2. Cont

D X D y D 1
3 inch single polymeric bar 0.177  0.355 0.628

3 inch double polymeric bar 0.266  0.0001 0.00019

Table 3. Max stress in x and y, and von Mises stress in steel casing

U X 0 y 0 von
Steel casing 34979 56.870 69.967

Uk

(a) (b)

Figure 6. Contour stress distribution
(a) asingle bar d=1 inch (b) a double bar d=1 inch
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Figure 7. Contour stress distribution
(a) asingle bar d=2 inches (b) a double bar d=2 inches
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Figure 8. Contour stress distribution
(a) asingle bar d=3 inches (b) a double bar d=3 inches
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Figure 9. Contour stress distribution
Speed bump with steel casing
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4. Conclusions

This paper discussed the analysis of speed bump made of concrete foam composite which is used to
generate electrical power. Three models were proposed, they are: (a) single polymeric bar speed bump
with diameter ranges from 1 inch, 2 inches, and three inches, (b) double polymeric bars speed bump
with diameter ranges from 1 inch, 2 inches, and three inches, and (c) solid bar speed bump enclosed
with steel casing. To observe the structure integrity of the speed bumps the models were analyzed
using a FEM-based numerical softwares. It was obtained that solid polymeric bar reduces the stresses
and may absorb axial loading resulted from vehicle tyres; however, it fails to sustain radial loading,
except for the diameter of 3 inches or bigger. From the FEM analysis we also found that speed bumps
enclosed with steel case are also suitable for use as part of a system in producing electrical energy.
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