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It is known that speed bumps are devices capable of reducing the speed of vehicles
(traffic calmingmeasures). Bumps arranged in sequence are capable of inducing a
speed regime almost constant along the road sections in which they are installed.
However, the impact of vehicles on the bumps generates noise that is annoying to
residents. Many studies in the literature have estimated the production of noise
due to the transit of vehicles over isolated speed bumps. Less investigated, however,
is the phenomenon of the noise production on the speed bumps arranged in a se-
quence. In this paper, the authors analyze the effects of speed bumps arranged
in a sequence on the production of noise. In order to do this, two urban road sec-
tions are selected with several speed bumps placed sequentially. The survey was
carried out experimentally using three vehicles (a low-powered car, a high-powered
car and a motorcycle). The authors, using sound level meters data, assessed the
sound levels produced by these vehicles, considering the conditionings on the dy-
namics of motion induced by the sequence of bumps. © 2015 Institute of Noise
Control Engineering.

Primary subject classification: 13.2.1; Secondary subject classification: 52.3

1 INTRODUCTION

In inhabited zones where a large number of pedestrians
and other vulnerable road users are expected, like school
zones and residential areas, it is necessary to decrease the
speed in order to reach the lowest possible risk level of vul-
nerability. One of the commonly accepted and often imple-
mented speed decrease measures is a vertical rise of the
road pavement (speed bumps, speed humps, etc.). Among
the actions defined as a vertical misalignment of the road
surface there are the speed bumps. The structural and func-
tional characteristics of speed bumps as well as the refer-
ence standards related to their installation are widely
described by Canale et al.1.

The effects of speed bumps in reducing vehicle speeds
are still unclear though they have been extensively used
on local streets all over the world.

Huang et al.2 demonstrates that the reductions in mean
speed were 6.7 km/h and 7.0 km/h, and the reductions in
the 85th percentile speed were 5.0 km/h and 8.7 km/h. The
influence area of a speed bump is generally less than 120 m.

The work of Antic et al.3 shows the influence of speed
bumps of different heights (3, 5 and 7 cm) on the decrease

of vehicle speed. It has been shown that there is a signifi-
cant speed decrease in the places where speed bumps were
set, compared to the period before setting.

Many studies conducted over the last 30 years show
that speed bumps have a limited affect in decreasing
traffic speed only, especially compared to better designed
passive speed control devices, such as speed humps or
cushions. Besides the well-known phenomena, such as
sudden slow down and acceleration before and after the
bump (which is often a source of accidents), the study
of Pau4 shows that drivers tend to perform all sorts of
maneuvers to reduce their discomfort as much as possible
when approaching the undulation. This fact is particularly
evident on streets where the speed bumps are not placed
over the entire width of the street.

In addition to the concerns related to the effectiveness of
the speed bumps as traffic calming measures, there are
those related to the annoyance due to noise as a result of
the passage of vehicles over the speed bumps.

Many studies (e.g., Leipus et al.5) show that vehicles in
motion on roads are themain source of noise in the environ-
ment. The noise produced by a car is usually originated by
vibrations in an engine, cabin, silencer, wheels and tires and
structural factors. Traffic noise flowdepends on its intensity,
motion speed, flow composition and extent, quality of the
road pavement and build-up of the area along the road.

Cantisani et al.6 evaluated the noise generated by mov-
ing vehicles over single irregularities present on the road
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surface by data from acoustic measurements made with a
sound level meter. Tenmacroscopic irregularities, consid-
ered as representative of the most common types (man-
hole covers, holes, tramway tracks etc.) were chosen for
their study.

A speed bump reduces traffic noise levels during the
deceleration phase and increases them during the accel-
eration phase. Kokowski and Makarewicz7 assess the
net effect of a speed bump on noise from a light vehicle
by means of the concept of noise energy density; this is a
function of the instantaneous distance between the vehi-
cle and the bump.

Rylander and Bjogrkman8 measured the noise levels
from different kinds of vehicles on streets near to road
bumps. In comparison with free flowing traffic, the accel-
eration after road bumps increased the peak A-weighted
noise levels from 1 to 13 dB.

The noise emission level associated with two types of
speed reducers has been investigated numerically and ex-
perimentally by Behzad et al.9, for different dimensions
and different speeds of vehicle (20, 40 and 60 km/h)
and zero acceleration. Numerical analysis has been per-
formed using a FEM method in the ANSYS environ-
ment. The experiments show that for a bump of height
0.04 m, the noise A-weighted peak level increased by
1 and 14 dB whereas, for bump of height 0.055 m,
the peak noise level increases by between 1 and 19 dB.
There is an excellent agreement between the numerical
and experimental results.

Daniel et al.10 evaluated the effects of vertical speed
control devices on vehicle speed and noise emission,
particularly when used in a sequence. The results of
this study show that, aside from the type of device,
the most significant factor in determining speeds on
streets with vertical deflections is the spacing between
devices and the spacing of devices from the street entry.
Also, S-curve models are able to best represent the
relationships between inter-device speeds and spacings.
One of the drawbacks is the noise produced when vehi-
cles move over humps.

With this study, the authors intend to analyze the effects
of speed bumps arranged in sequence on the production of
noise. In order to do this, the researchers chose two urban
road sections (test sites) characterized by the presence of
speed bumps spaced with a constant distance of 40 m in
the first test site and with a distance of between 60 m
and 120 m in the second test site. The survey was carried
out experimentally using three different types of vehicles
(a low-powered car, a high-powered car and a motorcy-
cle). The authors, in the following paragraphs, are going
to present the methodology used to evaluate the sound
levels produced by these vehicles, considering the condi-
tionings on the dynamics of motion induced by the se-
quence of bumps.

2 NOISE MEASUREMENTS AND
ESTIMATE THE AVERAGE SPEED

The objective of the measurement survey is to assess
the effect of the bumps on noise for vehicles moving at
speeds resulting from the constraints induced by the
same bumps. In particular, having selected two test sites
characterized by a sequence of speed bumps arranged in
series (Figs. 1 and 2), it was expected that the speed of
all categories of vehicles was almost constant along all
of the road section characterized by the presence of
the bumps. In this situation it was conceivable that vehi-
cles manifest little tendency to accelerate and decelerate
significantly. In this way, conditions have been created
to evaluate the real impact produced by speed bumps
in terms of noise. The measurement of noise then has
also been performed in road sections where the bumps
were not present, in order to compare the noise pro-
duced in the presence of bumps with that produced in
their absence.

The test sites differ from each other in the geometric-
functional characteristics (speed and longitudinal grade)
and the distances between successive bumps (Figs. 3, 4,
5 and 6).

The sound levels were measured at seven locations: the
first location of measurement is 20 m before the first bump
of the series of bumps, the second location is at the first
bump, the third location is at an intermediate position be-
tween the first bump and the second one, the fourth loca-
tion is at the second bump, the fifth location is between
the second and third bump, the sixth location is in corre-
spondence of the third bump and the final location is at a
distance of 20 m after the last of all the bumps.

The detection activity of the sound level has been con-
ducted with reference to various types of vehicles, as the
acoustic phenomenon depends on the type of vehicle.
Therefore, the measurements were conducted for three dif-
ferent vehicles: a low-powered car (Mazda 2), a high-pow-
ered car (Opel Insignia) and a motorcycle (Kawasaki
Z750S).

Throughout the measurement survey, lasting a total of
6 days, 3 test drivers were used. All test drivers were the
owners of the vehicles they used for testing. Each test driver
has always exclusively used the samevehicle. The three test
drivers, aged 33 years, 35 years and 39 years, were all ex-
perienced drivers with a minimum of 15 years of driving
experience.

The measurements of the sound level with these three
vehicles were performed without imposing any restric-
tions on drivers, that were free to travel the road in the
manner which they considered most appropriate.

The sound level measurements were conducted with a
digital sound level meter CEL-244. The position of the in-
strument was not varied for each of the two test sites. The
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sound level meter was placed at a height from the road sur-
face of 1.2 m and at a distance of 1 m from the outside
edge of the roadway (Fig. 7).

The sound level meter, owned by the Department of
Civil Engineering and Architecture, University of Catania,
is the only one available. Therefore, noise measurements

Fig. 1—Plan view of first test site.

Fig. 2—Plan view of second test site.

584 Noise Control Engr. J. 63 (6), November-December 2015 Published by INCE/USA in conjunction with KSNVE



were performed by placing, from time to time, the instru-
ment in different locations. In order to have a significant
number of data, it was decided to acquire three values of
LAmax for each of the seven locations described before. At
each test site 21 passbys by each vehicle were conducted.
After three consecutive noise measurements at a single lo-
cation, the sound level meter was moved to the next loca-
tion, until the completion of the seven locations. For each
of the measurement, an average value of LAmax for the three
acquired, rounded to the nearest dB,was assigned. Typically,
the three values of LAmax measured in a specific location did
not vary much (in most cases were virtually identical). In
some cases, due to environmental noise or unforeseen
events, some measurement provided anomalous values. In
these cases, the measurement of noise was repeated.

For each of the test sites, therefore, 21 measures of
LAmax were performed. This is evident from Table 1 which

indicates the number of evaluations of the speed, carried
out in the manner that will be described shortly. Whereas
the experimental investigation was performed on two
roads in both directions of travel, the number of values of
LAmax acquired was 84 for each of the three vehicles used
in the test. The total number of noise measurements, there-
fore, amounted to 252.

Regarding the estimation of the speed, a mode of eval-
uation was adopted. This choice was motivated by the
awareness, derived from knowledge of the sites, which
did not have significant variations in speed compared to
30 km/h and 40 km/h characteristic, respectively, of the
first test site and the second test site.

Each of the three vehicles used for the test was equipped
with a voice recorder that was always activated during the
test; this in order to avoid distracting the driver by the acti-
vation and deactivation of the recorder.

Fig. 3—Test sites and sections of measurement.

Fig. 4—Location of the speed bumps in the test site n. 1 (bump: no. 1, no. 2 and no. 3).
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The driver, in correspondence of a speed bump or of an
intermediate section, says aloud the speed value indicated
directly on the speedometer of his vehicle. Thus, each
speed value was recorded by the voice recorder. The pas-
sage on the intermediate sections between a ridge and the
next, reported by the test driver, was recorded by an oper-
ator placed at the edge of the roadway that starts by the
wave of a flag of orange color at the approach of the vehi-
cle on the measuring section.

The speed evaluations have been carried out simulta-
neously with the measurements of noise. For the acquisi-
tion of measures of LAmax at each of the seven locations

in which the path was divided, the speed values were esti-
mated for each section for each vehicle resulting in a total
of 21 estimates of speed. As can be seen from Table 1, the
number of the detected speeds, relative to a single vehicle
and the individual test site traveled in one direction, was
147. Since each of the two test sites has been traveled twice
(before in one direction and after in the opposite direction)
by three different vehicles, the total number of speed eva-
luations was equal to 1764.

The diagrams in Figs. 8, 9, 10 and 11 demonstrate the
trend of the speed in each of the seven sections, in relation
to different types of vehicles. For eachmeasurement location,

Fig. 5—Location of the speed bumps in the test site no. 2 (bump: no.1 and no.2).

Fig. 6—Location of the speed bumps in the test site n. 2 (bump: no. 2 and no. 3).
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three speed values are reported for each test vehicle, that
overall occurred at a higher frequency. For example, at loca-
tion 4 of the test site 1 (N-W direction), the 21 values of
speed measured by the procedure described above, for the
motorcycle, were as follows: 33 km/h, 30 km/h, 29 km/h,
29 km/h, 32 km/h, 32 km/h, 31 km/h, 31 km/h, 29 km/h,
32 km/h, 32 km/h, 29 km/h, 30 km/h, 31 km/h, 30 km/h,
32 km/h, 30 km/h, 29 km/h, 28 km/h, 29 km/h, and
32 km/h. In this case the values of speed, equal to 29 km/h,
30 km/h and 32 km/h, were altogether with the higher fre-
quency (higher than 80%) and therefore have been included
in the diagram of Fig. 8.

A first analysis of the diagrams shown in Figs. 8, 9,
10 and 11 confirms that the typical speed of the test site
no. 1 is equal to 30 km/h, while the typical speed of the
test site no. 2 is equal to 40 km/h. Other considerations
associated with the link between speed and noise level
will be carried out in the following paragraphs. It
should, however, highlight an important aspect that can-
not be inferred directly from the diagrams shown in
Figs. 8, 9, 10 and 11. Many experimental investigations
show that, in general, the impact with speed bumps
occurs by removing your foot from the gas pedal which
reduces instantly the speed (Canale et al.1; Huang et al.2;
Antic et al.3).

Further investigation conducted by the authors, in
particular, pointed out that there is a reduction in the
speed of on the order of 5–10 km/h immediately down-
stream of the bumps impacted by tires. Once over the

speed bump, the vehicle tends to accelerate immediately
to recover lost speed after the impact with the bump.
These accelerations, in general, are of the order of
1.0–1.2 m/s2 and allow the restoration of the gap of lost
speed in a space comprised between 10 and 20 m. By
way of example, Fig. 12 shows the diagram already
shown in Fig. 8, modified in order to take into account
the phenomenon just described. All diagrams, therefore,
should be changed in the sameway. As part of this study,
this phenomenon will be considered to justify the in-
crease of noise in correspondence of the speed bumps.

3 THE FIRST TEST SITES:
EXPERIMENTAL INVESTIGATION

The first analyzed road isMonetario Floristella street, in
Acireale, an Italian town, which presents a series of three
bumps spaced 40 m. The bumps are made of rubber and
are 5 cm high and 90 cm wide. The bumps were arranged
in order to induce a deceleration because of the presence of
two crosswalks between the bumps. In addition to these
crosswalks, there are two accesses to a school placed on
both sides of the road.

The main features of the test sites are:

• Two-way traffic
• Slope of 1.4% in the north-west
• 9 m wide carriageway
• 1.3 m wide sidewalks

Fig. 7—The sound level meter and the vehicles used in the measurement survey.
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The sound level measurements were performed for both
directions of travel. However, it was found that the slope of
the road, being very slight, did not involve changes in user
behavior when crossing certain sections; therefore the road
can be considered a level road. The difference between the
two directions of travel is primarily in the approach to the
first of the bumps. In the North-West direction the vehicle
after crossing a roundabout encounters the bump at a short
distance, while in the opposite direction (South-East) the
vehicle travels a greater distance before encountering the
first bump.

As recommended by the UNI-ISO 1996, it is important
to observe all environmental and weather conditions dur-
ing the measurement activities. For this case, the following
information was considered:

• Time range between 15:00 and 17:00
• Partly cloudy sky
• Temperature of 12 �C
• No wind
• No rain

The sound levels were measured at the seven locations
described above for both directions of travel. During the
phases of the survey, the noise of the concerned vehicle
was isolated as much as possible, avoiding interferences
with other oncoming vehicles or any other nonstandard con-
dition as vehicles with engine running or vehicles parked in
front of the sound level meter that could shield the instru-
ment or distort the measurement of the sound level.

Table 2 shows, for each section in the North-West di-
rection: the progressive distance, the speed and the noise
level (LAmax) related to the corresponding value of average
speed (Sav).

The noise levels reported in Table 2 are represented gra-
phically, according to the progressive distance, in order to
have an overall viewof the sound level along the seven char-
acteristic locations along the series of speed bumps (Fig. 13).

Observing the graphs shown in Fig. 13, the follow-
ing conclusions can be made:

• The impact with the first bump of the series
increases the noise level, compared to the previous

Table 1—Number of measurements performed in each test site for each travel direction.

Run Measurement

Section 1 Section 2 Section 3 Section 4 Section 5 Section 6 Section 7

LAMax Speed LAMax Speed LAMax Speed LAMax Speed LAMax Speed LAMax Speed LAMax Speed

n� 01 X X X X X X X X
n� 02 X X X X X X X X
n� 03 X X X X X X X X
n� 04 X X X X X X X X
n� 05 X X X X X X X X
n� 06 X X X X X X X X
n� 07 X X X X X X X X
n� 08 X X X X X X X X
n� 09 X X X X X X X X
n� 10 X X X X X X X X
n� 11 X X X X X X X X
n� 12 X X X X X X X X
n� 13 X X X X X X X X
n� 14 X X X X X X X X
n� 15 X X X X X X X X
n� 16 X X X X X X X X
n� 17 X X X X X X X X
n� 18 X X X X X X X X
n� 19 X X X X X X X X
n� 20 X X X X X X X X
n� 21 X X X X X X X X
LAMax 3 3 3 3 3 3 3
Speed 21 21 21 21 21 21 21

Total number of LAMAX measures = 21
Total number of speeds measures = 147
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measurement location, that can be quantified in an
increase in LAmax of about 4 dB for the two cars,
and in less than 6 dB for the motorcycle;

• After the first bump of the series, the sound level
for the two cars remained almost constant; this
means that the noise produced in correspondence
of the bumps can be compared to the noise gener-
ated at the measuring sections located between

two bumps. This aspect can be explained by the
fact that, in correspondence of the bumps, the
noise is caused by the impact between the tire
and the bump, while, on the sections between
the bumps, there is an increase of the noise, com-
pared to normal travel conditions, caused by the
acceleration imposed by the driver to recover lost
speed due to the impact with the bump;

Fig. 8—Trend of the average speed for the three types of vehicles (first test site, N-W direction).

Fig. 9—Trend of the average speed for the three types of vehicles (first test site, S-E direction).
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• The motorcycle, unlike the two cars, produced
peaks in the sound level along the sections ar-
ranged between the bumps; this trend can be
explained by the fact that the noise produced by
the engine of the motorcycle in acceleration is
greater than that produced by the passenger car
at the same location. It is also evident from the
graph shown in Fig. 13 that the highest sound

level is not manifested on the bumps but in the in-
termediate sections;

• For all three types of vehicles the highest sound
level is in correspondence of the last section,
20mafter the last bumpof the series. This happens
because the users are forced to decelerate, because
of the presence of bumps and then they gave the
vehicle a strong acceleration that causes an

Fig. 10—Trend of the average speed for the three types of vehicles (second test site, N-W direction).

Fig. 11—Trend of the average speed for the three types of vehicles (second test site, S-E direction).
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increase in noise. In addition, compared to the pre-
vious sections, an increase in speed occurs because
after the last bump of the series, there is a suffi-
ciently long straight before the next intersection.

The sound levels were measured with the vehicle
traveling in the opposite direction (South-East). Table 3
shows the values of the sound level (LAmax) and average
speed (Sav), measured at various sections for the three
types of vehicles considered.

Figure 14 shows the trend of the sound level for the
three types of vehicles at each measurement location.
Compared to the previous case the speed of approach to
the first bump is greater because the vehicle travels straight
on to the bump and the driver is induced to increase the

speed; this value then decreases at the beginning of the se-
ries of bumps and then increases slightly in exit.

According to the observation of the graph, the fol-
lowing conclusions can be deduced:

• In the first section, the sound level is higher be-
cause the vehicles come with a higher speed
than the previous case;

• The impact with the first bump of the series
causes an increase in the sound level between 2
and 3 dB for the three types of vehicles. This in-
crease is lower than that in the other direction be-
cause the vehicles, in this case, reduce their speed
from 40 to 35 km/h, while in the previous case,
the speed remains unchanged;

Fig. 12—Example of variation of the speed due to the impact of the vehicles with the bumps (first
test site, N-W direction).

Table 2—Values of LAmax for the three types of vehicles (first test site, N-W direction).

Low-powered car High-powered car Motorcycle

Sect. Dist.
(m)

LAmax

(dBA)
Sav

(km/h)
Sect. Dist.

(m)
LAmax

(dBA)
Sav

(km/h)
Sect. Dist.

(m)
LAmax

(dBA)
Sav

(km/h)

7 0 64 30 7 0 68 30 7 0 69 30
6 20 68 30 6 20 72 30 6 20 75 30
5 40 68 30 5 40 72 30 5 40 76 30
4 60 69 30 4 60 71 30 4 60 74 30
3 80 68 30 3 80 71 30 3 80 76 30
2 100 69 30 2 100 71 30 2 100 74 30
1 120 73 40 1 120 75 30 1 120 78 40
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• The intermediate section between the first and
the second bump has a reduction in sound
level, because users perceiving the presence
of the bumps are induced to not increase their
speed to the original value, but increase slightly
the speed, which generates a noise as a result of
a minor acceleration;

• From the second bump the sound level for the
two cars results are almost the same while the
noise produced by the motorcycle has a peak
at the section between the second and third
bump. This trend is due to the noise produced
by the vehicle during acceleration. The users,
after crossing the second bump at 30 km/h,

accelerate immediately in the following section
in order to regain the lost speed due to the im-
pact with the bump. As well as for the previous
case the noise produced during acceleration
from the motorcycle is greater than that of the
two cars;

• In the final section there is an increase of the
emitted sound level by all types of vehicles
since the vehicles after passing the series of
bumps increase their speed. The noise levels
in this section appear to be slightly lower than
in the other direction because the distance from
the next intersection in this case is less than that
of the previous case.

Fig. 13—Trend of the sound level for the three types of vehicles (first test site, N-W direction).

Table 3—Values of LAmax for the three types of vehicle (first test site, S-E direction).

Low-powered car High-powered car Motorcycle

Sect. Dist.
(m)

LAmax

(dBA)
Sav

(km/h)
Sect. Dist.

(m)
LAmax

(dBA)
Sav

(km/h)
Sect. Dist.

(m)
LAmax

(dBA)
Sav

(km/h)

1 0 68 40 1 0 70 40 1 0 72 40
2 20 70 35 2 20 73 35 2 20 76 35
3 40 69 30 3 40 71 30 3 40 74 30
4 60 70 30 4 60 72 30 4 60 75 30
5 80 69 30 5 80 72 30 5 80 76 30
6 100 70 30 6 100 72 30 6 100 75 30
7 120 71 35 7 120 74 35 7 120 76 35
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4 THE SECOND TEST SITE:
EXPERIMENTAL INVESTIGATION

The second road chosen to carry out themeasurement is
via Sclafani, also located within the municipal area of
Acireale. This road presents a series consisting of three
bumps; in north-west direction the distance between the
first and the second bump is 60 m, while that between
the second and the third is 120 m. The three bumps have
the same characteristics as the previous case: height equal
to 5 cm, width of 90 cm and they are made of rubber.

The goal of this combination of bumps is to decrease
the speed, since, along the section considered, there are
several crosswalks used to connect various activities at
the sides of the road (e.g. shops and bank).

The main features of the test sites are:

• Two-way traffic;
• Slope of 5.2% in north-west direction, up to the

second bump, then the path can be considered a
level road;

• 8 m wide carriageway;
• 1.2 m wide sidewalks.

The sound level measurements were performed for
both directions of travel. In north-west direction, the
vehicles travel on a section with a gradient of 5.2%
up to the second bump. The following road section is
flat while the next one has an uphill trend again. In
south-east direction, there is the opposite situation since

Fig. 14—Trend of the sound level for the three types of vehicles (first test site, S-E direction).

Table 4—Values of LAMAX for the three types of vehicle (second test site, N-W direction).

Low-powered car High-powered car Motorcycle

Sect. Dist.
(m)

LAmax

(dBA)
Sav

(km/h)
Sect. Dist.

(m)
LAmax

(dBA)
Sav

(km/h)
Sect. Dist.

(m)
LAmax

(dBA)
Sav

(km/h)

7 0 70 40 7 0 73 40 7 0 73 40
6 20 74 40 6 20 76 40 6 20 78 40
5 50 70 40 5 50 73 40 5 50 75 40
4 80 73 40 4 80 75 40 4 80 78 40
3 140 72 45 3 140 74 45 3 140 77 45
2 200 74 40 2 200 76 40 2 200 78 40
1 220 71 40 1 220 73 40 1 220 75 40
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the vehicles arrive at the series of bumps after traveling
downhill.

The meteorological conditions present at the time of
measurements were as follows:

• The hours between 14:30 and 16:30
• Clear sky
• Temperature of 12 �C
• No wind
• No rain

The results of the measurements in the North-West
direction are reported in Table 4 in terms of LAmax

and of average speed (Sav) of approach of the three test
vehicles.

Figure 15 shows the trend of the sound level for the
three types of vehicle for each measurement location. It
can concluded that:

• The impact with the first bump of the series
causes an increase of the A-weighted noise
level (compared to the previous section and
with equal speed) between 3 and 4 dB for the
two cars and of about 5 dB for the motorcycle;

• The sound level between the first and the sec-
ond bump is lower than the sound level at the
first bump. This is because the user, after the
bump, tends to accelerate to regain the lost
speed. As this section is positioned 30 m from
the bump and the speed of the bump overrun

Fig. 15—Trend of the sound level for the three types of vehicles (second test site, N-W direction).

Table 5—Values of LAmax for the three types of vehicles (second test site, S-E direction).

Low-powered car High-powered car Motorcycle

Sect. Dist.
(m)

LAmax

(dBA)
Sav

(km/h)
Sect. Dist.

(m)
LAmax

(dBA)
Sav

(km/h)
Sect. Dist.

(m)
LAmax

(dBA)
Sav

(km/h)

1 0 69 40 1 0 71 40 1 0 72 40
2 20 71 35 2 20 73 35 2 20 75 35
3 80 71 45 3 80 73 45 3 80 76 45
4 140 72 40 4 140 75 40 4 140 76 40
5 170 70 40 5 170 72 40 5 170 74 40
6 200 72 40 6 200 74 40 6 200 76 40
7 220 71 45 7 220 74 45 7 220 76 45
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is fairly high (40 km/h), the acceleration phase
in this section can be considered concluded and
consequently the sound level decreases;

• The section between the second and the third
bump presents that, for all test vehicles, the
values of sound level were lower than those
found on the bumps but higher than the other
sections without bumps. This is due to the dis-
tance between the second and the third bump,
which is very long (120 m), and in addition,
since the road is flat, the vehicles tend to increase
their speed and thus the noise level increases.

• Considering that the distances between the var-
ious bumps are quite high (respectively 60 and
120 m) and that the road is characterized by a
higher traveling speed, it is obvious that com-
pared to the first test site, the sound level peak
values are in correspondence with the bumps.
The subsequent acceleration phase after over-
coming the bump has a shorter duration (be-
cause of the higher travel speed) and has a
shorter distance than the distances used for
the measurement operations in the intermediate
sections between two bumps.

The measurements were also conducted for the op-
posite direction (South-East), in order to get the sound
levels (LAmax) produced following the downhill road.
The results of measurements are shown in Table 5 and
in Fig. 16.

The data obtained during the measurement opera-
tions indicates that vehicles come from a downhill sec-
tion with a speed equal to 40 km/h and then slow down
following a tight radius curve and cross the first bump
of the series at a speed of 35 km/h. Thereafter, the vehi-
cles accelerate in the long section between the first two
bumps up to a speed of approximately 45 km/h, and
then slow down in the sections corresponding to the
second and third bump, also because of the presence
of several crosswalks. Finally, the vehicles accelerate
again until they reach a speed of 45 km/h.

Through the analysis of the diagram related to the
case under consideration (Fig. 16), the following con-
clusions can be deduced:

• The impact with the first bump of the series
causes an increase of the noise level of about
2.5 dB for the three vehicles considered. This
increase is less than that present in the opposite
direction because in this case the passage over
the bump is associated with a reduction of the
speed;

• For the two cars, the intermediate section be-
tween the first and the second bump presents
sound levels almost equal to those of the previ-
ous section, since in this section there is an in-
crease in speed (which passes from 35 km/h to
45 km/h). The motorcycle, in the same section,
presents an increase compared to the noise level
of the previous section; this is due to the fact

Fig. 16—Trend of the sound level for the three types of vehicles (second test site, S-E direction).
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that in the acceleration phase, the noise pro-
duced by the motorcycle is higher than that of
the car;

• The sections at the second and third bump have
sound level peaks because of the passage at
high speed on the bump. In the intermediate
section there is a decrease of the sound level,
because at a distance of 30 m from the bump,
the acceleration phase can be considered com-
pleted. In addition the slope of the road facili-
tates the motion of the vehicle;

• The last measure location presents values less
than that at the third bump, although the vehi-
cle tends to accelerate after passing the last
bump. This is because the final road section is
downhill with a slope of 5.2% and the vehicular
motion is facilitated by the conformation of the
road; therefore the noise due to the acceleration
phase is lower than that in a flat or uphill road
section.

5 CONCLUSIONS

Based on the results obtained for the road configura-
tions analyzed, it is possible to come to general conclu-
sions related to the presence of the bumps, arranged in
series, along a road:

• All analyzed situations showed that the high-
est sound level is caused by the motorcycle.
The second place in the ranking of noise pro-
duction belongs to the high-powered car and
finally, in third place, there is the low-powered
car. This aspect can be explained by compar-
ing the larger vehicle with the smaller vehicle.
The first one is characterized by a larger mass
which is subject to vibration during the mo-
tion and in the presence of irregularities (such
as bumps). The motorcycle causes higher
sound levels than the cars because of the char-
acteristics of the exhaust pipe – the muffler is
external – and because the engine is devoid of
shielding;

• The measurements at the test sites showed that
the presence of a bump increases the noise
level. In particular, if the bump is tackled at a
speed equal to that of the previous section this
increase can be quantified by increases in the
A-weighted levels of approximately 3–4 dB
for the cars and 5 dB for the motorcycle. If,
however, in correspondence of the bump there
is a slight decrease in speed, this increase can

be quantified in approximately 2–3 dB for all
three types of vehicles;

• The trend of the sound level between a series of
bumps is strongly linked to the distance be-
tween two bumps. If the bumps are arranged
at a very short distance from each other, the in-
termediate point between two bumps has a
sound level comparable or even higher (as for
the motorcycle) of those detected near the
bump. In this case the series of bumps causes
a mean rise of the produced noise levels at the
points corresponding to the bump because of
the impact between the tire and the structure
of the bumps, while at the intermediate loca-
tions it is caused by the acceleration imparted
to the vehicle to retrieve the lost speed due to
the impact. But if the distance between the
bumps of a series is longer, this phenomenon
does not take place, because at the point placed
in the middle of two bumps the acceleration
phase has already been completed, and there-
fore the noise production is lower in association
with the bumps. But we must highlight that in
the case where this distance reaches high values
(such as in the second test site where the dis-
tance is equal to 120 m), the driver, immediately
after the bump, increases the speed, considering
the following bump as a single and isolated
element.

In conclusion, even the bumps arranged in series are
annoying from the point of view of the noise production.
The present research has shown that the noise produced
by bumps in the series is greater than that produced by
bump single or speed bumps arranged in succession at
a distance, between two of them, of more than 100 m.
The speed bumps in sequence at a distance such as to
be effective as traffic calming measures (between 40 m
and 60 m), produce not only the noise due to the passage
of vehicles over them, but also the noise in correspon-
dence with the intermediate sections because of the
accelerations necessary for the vehicle to recover the
speed decreased after impact with the bumps.

It follows that in residential areas, the bumps in se-
ries should always be avoided and should be preferred
solutions that have little impact acoustically, as the hor-
izontal misalignments (chicane, carriageway narrow-
ing, curb extensions, etc.). Otherwise, they should
employ devices such as speed cushions, which although
having the same operating principle of the bumps (also
being vertical misalignments), produce a lower acoustic
impact and, in any event, generate a noise tolerable to
the residents.
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