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Abstract. We have been involved in developing the use of EFB fibers for
several light structural products, such as speed bumps, parking stoppers,
helmets, and horse shoes. This paper presents our current research work on
parking bumper made of EFB fibers to be utilized for power generation. The
products are designed and produced in full scale covering the whole width
of vehicles passing over the bumpers. The ideas are how to reserve kinetic
energy harvested from the vehicles to convert into electricity to be stored in
a battery. To obtain a structural integrity-proof material, the speed bumps
were subjected several tests, e.g. static and impact tests as well as live body
test using the kinetic energy obtained from vehicles pass over the speed
bumps. For this, a speed bump station parallel to street zebra-cross was
prepared. It was obtained that A-5 concrete foam type is suitable for 3B class
road. The structural response of speed bumps were checked using ANSYS
17.0.

1 Introduction
Palm oil industries processing crude palm oil (CPO) or kernel palm oil (PKO) produce a huge
capacity of biomass in terms of empty fruit bunch (EFB) and tree trunk, and leaves.
Utilization of the energy that comes from the by-products in the oil palm industry can be
done by using biomass and biogas technology. EFB fibers, for instance, has been used for
strengthening polymeric and concrete materials [1-10]. The EFB cannot directly be used. A
series of processing of the EFB to reduce oil contents are necessary. Ready used fibers may
reinforce the concrete or polymeric based materials. In our laboratory, some new materials
reinforced with EFB fibers have been widely used for several light structures due to it light
weight but they are still strong enough to sustain external loading.
In this paper, we extend our research on developing a large scale speed bump the concrete
foam reinforced EFB is used as a speed bump to generate electricity. The speed bump is
placed on to a mechanical system, as shown in Figure 1. Mechanically, the translatory motion
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of speed bump is changed into circular motion at a fly wheel connected to electrical
generation apparatus. With this connection, the speed bump works well when accepting the
weight of the vehicle weight (speeds up to 10 km/h).

Fig. 1. Power generation apparatus using speed bump.

2 Materials and method
2.1 Material and speed bump fabrication
In our previous research we have developed classes of confoam materials [1, 10]. In this
study, as per conclusion and suggestion in our previous research [10], we choose A5 typeconfoam to produce a full scale-speed bump. The physical and mechanical properties of the
material are shown in Table 1.
Table 1. Confoam mechanical properties (MP3EI research report).
Type
spesimen
A5

Suc(MPa)
2.1

E
(MPa)

Sut, (MPa)
0.18

0.2

10.1

The speed bumps were produced in the accordance with the geometry that meets the
requirements set forth in Kemenhub (Ministry of Transportation decree), number 3, 1994, as
shown in Figure 2. Several parts of the speed bump geometry, i.e., the upper surface
configuration and the base speed bump, had been revised to meet a structure suitable for the
passing vehicle load. In this paper, we propose geometry and dimensions as shown in Figures
3. The main dimensions of the speed bump are as follows: (a) type 1 (length, L = 1900 mm,
witdh, w = 400mm, thickness, t = 52mm); (b) type 2 (length, L = 1900 mm, width, w =
400mm, thickness, t = 40mm). The dimensions are difference from those of we have
published in our previous research work [10].

Fig. 2. Kemenhub 2 year 1994 (Ministry of Transportation standard size).
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(a)

Fig. 3. Geometry and dimensions of the speed bump.

2.2 Method
As shown in Figures 1 and 2, the speed bump is placed on a steel bed attached to the top of
the mechanical system of power generation. The speed bump accepts the load from the
wheels of cars that pass through it. Thus, the speed bumps are designed to be able to receive
static and dynamic loads in such a way as to meet technical and manufacturing requirements.
For this, we selected newly developed materials at our strong enough to withstand both static
and impact loads (not reported in this paper). A work station was prepared to place the
mechanical system as well as the speed bumps. The static load simulated a station is obtained
from vehicles pass over it in range of 5-10 km/hour.

(a)
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(b)

(c)

Fig. 4. Experimental setting of speed bump power generation vehicle entering the speed bump (b)
vehicle on top the speed bump.

3 Numerical simulation
3.1 Geometry and load model
The load, applied to the speed bump contact area (Figure 5) representing the vehicle-tyre
track, is obtained from a quarter of the total vehicle weight allowed for class III road.
Numerical calculations are focused on stress distributions at x, y, and priciple points using
commercial FEM software, with 3-D elements. For both models we also calculated vonMises stress. Let's examine the stress contours of the models one by one.

Fig. 5. Loading model at contact area.

3.2 Contours of stress
We focus the discussions on the stress contours on x, y, z, and principle directions both for
type 1 and 2 of the speed bump models. The x and z directions may show the initiation of
speed bump failures. All calculations as shown in Figure 6 are presented in Table 2. It is
interesting to observe that the model reduces the stresses in all directions. The stress contour
in the area remote from the contact surface show us that it is uniformly distributed in which
for all cases the tensile stress is lower than that of tensile strength of the speed bump material.
However, for a series of tests conducted in our work station with higher velocity of vehicles
the failure may also occur (Figure 8). We may say that the impact tensile strength of the
concrete foam should also be known (our current research).
Let us check normal stress responses in z direction on the entry base and the upper surface
of the speed bump type 1 and 2. It is obviously indicated that the z direction stress is lower
at the entry base and then slightly increase when the tyre approaching the top surface of the
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speed bump. However, it is interesting to note that the height of the speed bumps are not
significantly increase the equivalent stresses.
From Figure 9. We observe that the von Mises stress is quite low compared to the static
speed of type 1 bump material. The results conclude that the case of the speed bump type is
susceptible to load resistance. Thus, they will have the potential to be used to accelerate
power generation.

(a)

(b)

(c)

(d)

Fig. 6. Stress contour due to loading at top surface for type 1 model.
(a) Normal stress in x direction (b) Normal stress in y direction
(c) Normal stress in z direction (d) Equivalent stress

(a)

(b)
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(c)

(d)

Fig. 7. Stress contour due to loading at top surface for type.
(a) Normal stress in x direction (b) Normal stress in y direction
(c) Normal stress in z direction (d) Equivalent stress
Table 2. Stress calculation at certain locations on speed bump (h=40mm).

Speed bump
material/Contact
area
A5/Entry base*
A5/Top surface

Equi. Stress
(MPa)

Stress in x
axis (MPa)

Stress in y
axis (MPa)

Stress in z
axis (MPa)

0.164
0.152

0.033147
0.045

0.021
0.027

0.0357
0.054321

Table 3. Stress calculation at certain locations on speed bump (h=52mm).

Speed bump
Equi. Stress
material/Contact
(MPa)
area
A5/Entry base*
0.1748
A5/Top surface
0.1551
*Note: computer simulation not shown
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Stress in x
axis (MPa)

Stress in y
axis (MPa)

Stress in z
axis (MPa)

0.0334
0.0474

0.0205
0.0265

0.0373
0.0551
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Fig. 8. Specimen failures and the corresponding stresses.

4 Conclusions
This paper discussed the analysis of speed bump made of concrete foam composite which is
used to generate electrical power. The concrete foam is reinforced with oil palm EFB fibers.
Two models were proposed, they are: (a) type 1 (length, L = 1900 mm, witdh, w=400mm,
thickness, t=52mm); (b) type 2 (length, L = 1900 mm, witdh, w=400mm, thickness,
t=40mm). To observe the structure integrity of the speed bumps the models were analyzed
using a FEM-based numerical softwares, ANSYS17.0. It was obtained that the z direction
stress is lower at the entry base and then slightly increases when the tyre approaching the top
surface of the speed bump. However, it is interesting also to note that the height of the speed
bumps are not significantly increases the equivalent stresses.
From Figure 8, we observe that the von Mises stress is quite low compared to the static
strength of the speed bump material. The results conclude that concrete foam composite may
also be potential for use as power generation speed bumps.
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