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Abstract: Kart racing is one of the hobbies that people get passionate about from a young age. Kart
dromes are commonly built in suburban or rural areas, generally surrounded by industrial zones
and sporadic residential buildings. The circuits are primarily active during summer, hosting races
that often extend into the evening and night hours, where each race has a duration of 20 min. This
study examines the noise generated by kart dromes through acoustic measurements conducted at a
kart drome located in southern Italy, where a microphone was placed at the side of the circuit for
short periods in addition to a survey conducted at the nearest sensitive receptor. Another survey was
conducted within the kart drome for a long-term period to record all of the variations in noise levels
of a typical summer day when the races are organized during the nighttime; for this type of data, the
hourly average values were taken for one week in June, July, and August, highlighting the increasing
trend in the noise levels due to the kart races. However, a detailed analysis of noise emissions during
different phases of kart operation revealed two significant acoustic events, such as the acceleration of
pass-by peaks centered on high frequencies and strong breaking noise at curves that are centered
at low-medium frequencies, causing a whistling noise of the wheels while turning the kart. This
paper highlights the increasing trend in noise levels during summer nighttime races, compares
on-site measurements with laboratory data, and discusses the implications for local communities and
noise regulations.

Keywords: motor racing; circuit noise; outdoor propagation; environmental acoustic measurements;
rental karts; competition karts

1. Introduction

Kart racing often generates significant nuisance that can disturb sensitive receptors,
especially when they are located in urban and suburban areas and lack adequate sound
barriers at their perimeter. Many kart dromes operate in the evening or at night, raising
potential concerns about sleep disturbance and residential comfort. The noise emission
from sportive cars is not regulated in detail by the local authority, causing some conflicts
between the commercial activity of the karts and private citizens.

Although the noise emission from sportive cars exceeds the regulatory noise limits
established for passenger road vehicles, the loud engine sounds are integral to the racing
experience, enhancing the excitement for drivers and spectators. However, these noise
levels pose potential risks related to hearing damage that can even lead to permanent
hearing loss. On the other hand, kart manufacturers could establish a certain limit of noise
emission from the engine such that the attendees do not encounter excessive exposure to
high noise levels.

Previous research studies have investigated noise emissions from various sportive
vehicles, such as motorbikes competing in the Canadian Superbike championship, where a
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microphone fixed in a specific location reported the analysis of the events [1]. The same type
of analysis has been performed for the estimation of noise levels in racing motorbikes [2].
Other research studies state the way to calculate noise levels at the side of the circuit for
experimental measurements [3]. Computational methods have also been developed to
detect a single vehicle’s contribution from the general background noise level in an urban
context [4,5]. These findings underscore the need for environmental noise assessments to
inform local authorities in establishing effective contour levels for regulations that can be
elaborated in noise maps for daytime and nighttime periods so that individuals remain
protected and safeguarded.

This paper evaluates noise emissions from rental and competition karts through short-
and long-term acoustic measurements in order to highlight the characteristics of pass-by
peaks as well as strong breaks at curves. For a complete assessment, the measured on-site
values were compared with the values obtained from laboratory conditions for both rental
and competition karts. These values were plotted to understand the impact of this type of
nuisance on nearby receptors that, in many cases, are in conflict with commercial activities
during a full operation, which occurs in summer.

The kart drome subject in this study is located in a rural environment, at an altitude of
350—-400 m from the mean sea level, in southern Italy. The area is also occupied by other
commercial activities, such as vehicle repair garages. There is also a local railway at a 40 m
distance from the kart drome, where a maximum number of 10 train passings per day takes
place.

2. Materials and Methods

The kart drome operates only during the summer season, from mid-June to late August,
between 18:00 and 00:00. Usually, rental karts dominate the first 60-90 min, followed by
competition kart sessions that take place in the same circuit. A map of the kart drome is
given in Figure 1. In the proximity of the circuit, there are also sensitive receptors, among
which the closest one is approximately 80 m away.

2

Figure 1. Aerial view of the kart drome.

There is a net distinction between hiring/rental and competition karts in terms of
sound intensity, and both are herein studied. Specifically, the rental karts are characterized
by a fuel engine type 270 cc Honda GX, composed of only one gear, and that can achieve
ranging speeds of 65-80 km/h. If the weight is lighter and they are better optimized, the
rental karts can even reach a speed of 95 km/h. They are characterized by a low noise
emission due to the installation of a silencer situated on the muffler [6,7].
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Competition karts are rather more powerful and can reach significantly higher speeds
due to optimized designs, lightweight frames, and high-performance engines that can be
125-250 cc, with a capacity of achieving speeds of 120-170 km/h if mono-gear, while super-
karts with a 250 cc engine can also reach 220 km/h with multiple gears. Competition karts
can perform 15 to over 50 horsepower. Figure 2 shows the two types of karts in comparison.

(@ ' - (b)

Figure 2. Types of karts: hiring/rental (a) and competition/racing (b).

2.1. Laboratory Measurements of Rental and Competition Karts

Noise emissions from rental and competition karts were measured in an accredited
laboratory in accordance with ISO 5130 [8] regarding the testing methods for sound lev-
els from vehicles. The equipment consisted of a Class 1 sound level meter, type 01dB
(MCE-212), placed in different locations at 4 m distance from a hypothetical center of a
sphere, as suggested by the standard requirements, to cover the sound emission with a
hemispherical spreading towards the sides and the zenith.

The technical reports show that rental karts emit a sound pressure level of Lgp 81 dB(A)
at high RPMs when measured at a standard distance, while competition karts with a
two-stroke engine emit a sound pressure level of Lgp 100 dB(A) at high RPMs and under
similar conditions.

The characteristics of the spectrum are described as follows:

e  Low-frequency content (20-250 Hz) is dominated by the mechanical vibration and by
the lower harmonics of the engine’s rotation [9].

e  Mid-frequency content (250-1000 Hz) is dominated by the noise from the combustion,
identified as the typical buzz [10].

e  High-frequency content (1000-5000 Hz) is characterized by the noise from the intake
and exhaust systems, in combination with the gears that generate a high-pitched
sound [11].

2.2. In Situ Measurements of Rental and Competition Karts

The acoustic measurements were carried out by using a class 1 sound level meter, type
LARSON & DAVIS (LD-824, serial number 0418, Depew, NY, USA ). The microphone was
installed at a 1.6 m height from the ground, and the locations were selected to be in two
specific places:

e At the side of the racing circuit, as shown in Figure 3.
e At the closest sensitive receptor.

The location of the microphone at the edge of the track, which was at a 10 m distance
from the center of the lane, allowed for the detection of the noise emitted by karts in transit.
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Based on kart pass-by, the audio recordings could primarily capture the engine noise, which
varied based on speed and load conditions, followed by other types of noise typical of
a competition vehicle, like braking noise in the form of squealing and grinding sounds,
especially under high braking forces, and tire noise during acceleration.

Figure 3. Equipment installed at the border of the racing circuit during the evening (a) and nighttime (b).

The second location where the microphone was placed was along the main road, and
the third microphone location was in a domestic property, which was the closest sensitive
receptor to the racing circuit.

3. Results of Surveys
3.1. Measurements from the Laboratory Tests

As anticipated in the previous section, the rental karts have a sound emission level of
Lgp 81 dB(A), which is almost 20 dB less than the competition karts, whose sound level
was found to be equal to Lgp 100 dB(A), as shown in Figure 4.

Specifically, Figure 4 shows that there is only a difference of 34 dB between the rental
and competition karts at low frequencies, while a difference of almost 20 dB is found for
the mid-high octaves. These sound spectra were used to calculate the sound spreading
from the kart drome to the surrounding areas with a computational model, which will be
explained in the next section.
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Figure 4. Sound pressure level spectra comparison related to hiring/rental and competition/racing karts.
3.2. Measurements Gathered at the Side of the Circuit

3.2.1. Analysis of the Sound Emission from Competition Karts

The results gathered from the measuring point at the side of the circuit are present
in Figures 5-10. During the surveys, the outdoor hygrometric conditions were taken into
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consideration: the temperature was about 25 °C, the relative humidity was 50%, and
the wind conditions were deemed stationary [12]. The first survey lasted around 5 min,
during which a competition kart completed two laps, as indicated in Figure 5, where the
soundwave is plotted as a function of time. Figure 5 illustrates the kart’s starting point and
highlights the acoustic events during each lap with amplitude variations influenced by the
circuit’s design. Notably, the duration of the two laps shows slight differences due to the
vehicle’s speed, which reached its maximum level during the second lap.

\
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Figure 5. Noise levels from the competition karts recorded at the side of the circuit for almost 5 min.

Figure 6 shows the spectra relating to the main prominent events, where the consis-
tency is described as follows:

e  The spectra related to the maximum levels of the competition kart pass-by during
acceleration along a straight line.
The spectra related to the maximum levels of the first brake at a curve.
The spectra related to the maximum levels of the second brake at another curve.

Figure 6 shows that the noise levels emitted by a competition kart in motion are lower
than those measured under laboratory conditions. This discrepancy suggests that factors
such as circuit design and driving dynamics significantly influence noise emission to the
surrounding environment. In contrast, laboratory measurements reflect maximum engine
RPMs, which may not be consistently achieved during on-track operation.
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Figure 6. Sound pressure level spectra related to a competition kart running for 2 laps in the circuit:
the blue color represents lap No. 1, and the red color represents lap No. 2.

3.2.2. Analysis of the Sound Emission from Rental Karts

A similar analysis was conducted for the rental karts. The measurement duration
was approximately the same, around 5 min, as lap No. 1 had already commenced. In
this recording track, the amplitude peaks of the soundwave do not align with the pass-by
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peaks due to extraneous noise from amateurs attending the events, which affected the
survey. However, the spectra corresponding to strong braking moments and kart pass-by
were clean and undisturbed. Figure 7 illustrates that the amplitude levels of the peaks
associated with the rental kart pass-by events are lower than those of competition karts.
Additionally, fewer events of strong braking were observed, attributable to a reduced speed
of the vehicle.
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Figure 7. Noise levels from the rental karts recorded at the side of the circuit for almost 5 min.

Figure 8 shows the spectra corresponding to the main prominent events, described
as follows:

e  The spectra corresponding to the maximum noise levels during a rental kart pass-by
by at full acceleration along a straight line.
e  The spectra corresponding to the maximum levels during braking at a curve.

Figure 8 shows that the noise levels emitted by a rental kart while on the circuit are
comparable to those measured under laboratory conditions, with the exception of 500 Hz,
where the on-site values were 3 dB lower than the laboratory results. In comparison to
competition karts, rental karts exhibit a higher low-frequency content [13], which corre-
sponds to a range of spectrum that travels longer distances and can negatively impact the
surrounding area. However, the agreement between the laboratory and site measurements
validates that the predictions of noise from sporting vehicles based on local regulations [14]
remain reliable, regardless of which set of data is used.
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Figure 8. Sound pressure level spectra related to a rental kart running for 2 laps in the circuit: the
blue color represents lap No. 1, and the red color represents lap No. 2.

The noise levels based on local regulations [14] were assessed alongside the analysis
of individual events. Specifically, the overall values measured at the side of the circuit were
expressed in terms of the continuous equivalent sound pressure level (Leq). For this case,
measurements were executed by adding a rental kart at a time to the race, allowing for the
determination of each kart’s contribution, as summarized in Table 1. The overall survey
lasted for 15 min.
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Table 1. Results of the survey conducted at the side of the circuit. Analysis of the sound pressure
level contribution by adding a competition kart per time.

No. of Karts on Circuit Time Duration (HH:MM) LAeq (dBA)
1 00:03 65
2 00:02 66
3 00:04 68
4 00:03 69
5 00:03 70

Table 1 shows that the worst-case scenario occurs when multiple karts are on the
circuit, as is typically the case during a race: the greater the number of rental karts, the
higher the noise levels.

To understand the noise emission at each octave, Figure 9 represents the frequency
plot of the sound level emitted by five rental karts measured at the racing border line.
The spectrum highlights that a uniform noise level is recorded across the frequency bands
between 63 Hz and 500 Hz, equal to 66 dB. This value is lower than the previously discussed
levels, which is due to the longer duration of the survey. However, the noise levels drop
significantly above 1 kHz, indicating that the engine noise is the primary factor contributing
to the overall level. This is more impactful than the friction between the wheels and the
asphalt. The main contributions due to the noise level from the engine are during the
acceleration and braking driving phases.
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Figure 9. Frequency spectrum emitted by 5 rental karts measured at the side of the circuit over a
15 min survey.

3.3. Measurements Carried Out at the Closest Sensitive Receptor (i.e., Domestic Residence)

The evaluation of noise emissions from rental kart racing was conducted at a domestic
property, considered the closest sensitive receptor, located approximately 80 m from the
external perimeter of the runway.

The microphone registered the equivalent sound pressure levels (Leq) for a period of
1 h, as summarized in Table 2. The microphone was placed in a bedroom on the first floor
of a two-story building, with the window open. The conditions during this survey were
as follows:

e Bedroom dimensions: 5 X 4 x 3 m.
e  Window dimensions: 2.3 x 1.3 m.
e  Wind speed: 0.0 m/s.
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Table 2. Measured results from rental karts in the closest sensitive receptor.

No. of Kart on Circuit Time Duration (HH:MM) LAeq (dBA)
1 00:03 47
2 00:02 49
3 00:04 50
4 00:03 51
5 00:03 52

Table 2 shows that the difference in terms of noise levels between the pass-by of only

one rental kart and five rental karts is 5 dB. An increase in the noise level from 47 to 52 dBA
is considered just perceivable, with limited impact on sleep disturbance, especially since
the measurements were conducted with the window open, as required by the regulations.

Figure 10 shows the spectrum of the pass-by of five rental karts recorded within the

domestic building. Specifically, it indicates that the maximum levels are found between
63 Hz and 125 Hz, ranging from 50 to 60 dB, while levels at high frequencies are significantly
reduced, mainly due to the effect of air attenuation.

Sound Pressure Level (dB)
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63 125 250 500 1000 2000 4000 8000
Frequency (Hz)

Figure 10. Frequency spectrum emitted by 5 rental karts measured in the sensitive receptor over a
15 min survey.

3.4.

Additional Long-Term Survey in the Center of the Kart Drome

Additional noise levels were recorded by a microphone placed in a fixed position
within the kart drome, as shown in Figure 11a. The measurement covered a complete
week for each of the months of June, July, and August. The Leq values were logged for
1 h and averaged over 7 days, each recording the racing of rental karts. In particular,
the selected weeks were 20-27 June, 9-16 July, and 2-9 August.

In Figure 11b, the central hours of the day were excluded since they were related
to extraneous activities within and around the circuit (highlighted in grey). Overall,
the graph indicates an increase in hourly noise levels as activity increases during
the summer and becomes more popular. Particular attention should be paid to the
nighttime period when the noise levels remain consistent around Leq 50 dBA in June
and even Leq 60 dBA in July-August. These values remain consistent past midnight,
up to 02:00 when the kart drome finishes the races of the day.
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Figure 11. Microphone installation within the kart drome (a). Weekly averaged results of LAeq (b).

4. Discussion on Noise Emission from a Competition Kart and a Rental Kart

To better understand the difference in noise levels emitted by a competition kart and a
rental kart, the analysis considers the acoustic measurements carried out at the edge of the
circuit. It should be noted that the same driver operated both types of karts, minimizing
any difference in piloting performance. The microphone was located at the side of the
circuit, where the average speed is about 60 km/h.

It was demonstrated that the noise levels from competition karts are higher than those
emitted by rental ones. This difference is due to the distinct types of mufflers installed
on the karts.

In terms of LAeq, the pass-by of a competition and a rental kart are summarized in
Table 3, highlighting a difference of 6 dB.

Table 3. Comparison between noise levels emitted by a competition kart and a rental kart.

Type of Vehicle Leq (dBA)
Competition kart 74
Rental kart 68

The same results can be expressed with a spectrogram, as summarized in Figure 12,
where the graph related to the competition kart indicates noise levels around 60-68 dB,
especially at high frequencies, while the graph related to the rental kart indicates high noise
levels mainly centered at low frequencies.
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Figure 12. Frequency spectrograms emitted by a competition kart (a) and a rental kart (b).
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5. Assessment with a Numerical Model

A numerical model of the measured data was developed with CadnaA 2024 soft-
ware [15], from which four plots were created based on the input values discussed in
previous sections:

e Plot A: A total of 10 competition karts based on laboratory measurements.
e Plot B: A total of 10 competition karts based on site measurements.

e Plot C: A total of 10 rental karts based on laboratory measurements.

e Plot D: A total of 10 rental karts based on site measurements.

The acoustic simulations were carried out based on the characteristics of the circuit
lane (i.e., width, number of vehicles) specific to this context. The environment was faithfully
reproduced in the model by specifying building heights, assigning an absorption coefficient
of 0 to reflective surfaces, such as parking spaces and pavement, and a value of 1 to
absorbing surfaces, such as grass. Figure 13 shows the specific scenarios mentioned earlier,
considering a total of 10 karts (of the same type) running on the circuit, reflecting the real
situation without mixing kart types, as shown in Figure 14. The spectra used as input data
are related to the peak pass-by levels, while the grids in Figure 13 represent a height of 3 m.

Figure 13a shows that the noise levels at the nearest sensitive receptors, with the
laboratory values for 10 competition karts, are around Lgp 65-70 dBA, which are reduced to
Lgp 55 dBA when the site-measured values for 10 competition karts are plotted, as shown
in Figure 13b. The difference of about 10-15 dB is very significant and easily noticeable.
When the values for rental karts are plotted, there is a negligible difference between the
laboratory and site-measured values, as shown in Figure 13c,d.
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Figure 13. Grid values of 10 karts singularly plotted: laboratory values related to competition karts
(a), site values related to competition karts (b), laboratory values related to rental karts (c), and site
values related to rental karts (d).
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Figure 14. View of a typical kart racing where multiple vehicles are competing.

6. Discussion and Conclusions

Environmental assessments of kart dromes are not commonly conducted due to the
sporadic presence of circuits in operation, limited to a few cities. This type of hobby pri-
marily engages young people, teenagers, and lovers of this sport, which is more accessible
than Formula 1 racing. However, the noise generated by racing during nighttime poses
a nuisance to nearby residential properties, making it difficult for residents to sleep [16].
Disputes between commercial activities and private individuals are common, often due to
a lack of clear regulations regarding kart dromes, as they cannot be considered equivalent
to Formula 1 racing venues for obvious reasons [17].

This paper analyses the noise generated from both competition and rental karts
at different distances from the circuit center and over different durations. It has been
demonstrated that rental karts are less noisy than competition karts, as their engines and
mulfflers are intentionally designed to operate at lower performance levels in terms of
speed [18]. In contrast, competition karts can reach noise levels of LAeq 75-80 dB when
running at maximum speed in a straight line of the circuit. This becomes a concern,
especially because races are often held during the evening and nighttime when the noise
thresholds set by the local authority are lower than during the day. However, businesses
that attract users only during this short period of the year cannot be limited.

The analysis presented here has several limitations that prevent it from being extended
to all other kart dromes, which are discussed below:

e  One limitation is the topography of the site. In this particular case, the site is flat and
at a uniform height above sea level. However, other kart dromes may be located in
valleys, where mountains limit noise propagation in all directions, or on the top of a
hill, where exposure to noise is direct and no natural shadow zones are present. There-
fore, the measured and simulated results presented in this paper are only applicable
to similar terrain configurations. For other geographic contours, it is important to
consider the height difference between the noise source and the receiver.

e  Another limitation of this study is the type of source, as it can vary between different
kart dromes. The speed and power of the engines can differ significantly between
the two types of karts analyzed here. Therefore, a potential noise mitigation solution
would involve replacing some components of the vehicle with parts that offer better
sound attenuation, such as a muffler silencer, shock absorbers on each wheel axle, or
softer tires instead of dense, rigid ones.
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e A third limitation of this study is represented by the scenario of a free-field condition,
in the absence of any barriers or artificial obstacles that could reflect or refract the
sound, directing the energy in specific directions. However, it is important to note that
over long distances, barriers are acoustically transparent, and no significant sound
attenuation occurs, as has been demonstrated in studies on noise propagation from
train pass-by events [19].

This general assessment highlights a problem faced by many communities. However,
without clear regulations, it becomes difficult to defend the rights of private individuals.
One potential solution could involve kart manufacturers reducing engine noise or noise
from the components (e.g., mufflers) by designing attenuators that lower overall noise
levels, as discussed earlier.
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