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Abstract

Since the overload detection program is a main concern for transport authorities to prevent road damage
and enhance road safety, this paper investigates the randomness in the number of daily overloaded
vehicles detected throughout the month. The concern is crucial where it is said that detected overloaded
vehicle drops over the month. For this purpose, the randomness of daily detected overloaded vehicles
has been tested by utilizing the familiar statistical method of “Runs Test”, in which the numbers of daily
detected vehicles are considered observation. Data, for detecting trucks as overloading across the
intercity roads in the West-Asian country of Iran, has been collected for a year followed by categorizing
into thirty days to check the randomness pattern. The results revealed that, despite fluctuating stats, the
number of detected overloaded vehicles follows a random pattern instead of a specific pattern in
increasing or decreasing trends believed in the rumours. Since the number of daily overloaded vehicles
exhibits randomness during a month and all types of trucks including trailers (detachable trucks), heavy
trucks, and light trucks have been investigated, transport authorities are recommended to focus more on
the methods of weighing enforcement to ensure that sufficient overloading enforcement activities are
performed.
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1. Introduction
In today’s fast-paced world, overloaded vehicles are common sights on the roads and transport
infrastructures. These instances occur when the weight or volume of goods being transported exceeds the

permissible limits, posing risks to road safety and damage to infrastructure as well (Saad et al., 2021).
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While efforts are required to enforce regulations and prevent overloading, and the frequency of
overloading can fluctuate and be influenced by various factors such as supply and demand dynamics,
operational aspects, and enforcement efforts (Hou et al., 2020), it is intriguing to investigate the
randomness characteristic for the number of overloaded vehicles detected during the days of a month.
The concern arises when it is claimed that the rate of overloading enforcement smoothly decreases
throughout the month from the beginning to the end. Therefore, this paper delves into the fascinating
phenomenon of the random occurrence of the daily detected overload vehicles throughout the month.
Before delving into the randomness of overloaded vehicles, it is important to recognize the risk of
overloaded vehicles. In transportation, overloading refers to exceeding the maximum weight or volume
limits approved for vehicles (Hameed & Prathap, 2018). This can equally occur in various industries,
including transportation, logistics, and construction, where goods are often transported in large quantities
(Jacob & Cottineau, 2016). The number of overloaded vehicles can vary depending on supply and
demand dynamics within different industries. For example, during peak seasons or periods of excessive
demand, there may be considerable interest in overloading as companies strive to meet customer needs.
Conversely, during interminable periods, the number of overloaded vehicles may decrease. Despite
efforts to regulate and prevent overloading, the number of overloaded vehicles experienced during
separate days of a month should exhibit a certain degree of randomness (Islam, 2015). This randomness
can be attributed to several factors that affect transportation patterns and industry practices. Operational
factors within industries can also contribute to the randomness of overloaded vehicles. Factors like
production schedules, delivery deadlines, and unforeseen events can impact the volume of goods
transported and increase the likelihood of overloading on specific days (Lu et al., 2023). Enforcement
efforts by regulatory bodies carry out a crucial role in managing overloading. Unexpected inspections
and enforcement activities lead to fluctuations in the number of overloaded vehicles observed during
separate days of the month. This randomness stems from the unpredictable nature of enforcement efforts
and the varying compliance levels within the industry (Ahmed et al., 2022). Given the inherent
randomness of overloaded vehicles, transport authorities, regulatory bodies, and industry stakeholders
need to implement effective strategies for managing and preventing overloading. The above concern
prompts the researchers to investigate the randomness of overloading detection and rumours declaring
the importance of overloading enforcement decreases throughout the month.

The occurrence of overloaded vehicles on the roads can have severe implications for road safety,
infrastructure damage, and traffic congestion (Rasool & Kaushal, 2022). To effectively manage this issue,
it is essential to understand the efficiency and the permanency of the enforcement programs implemented
in intercity transportation. It can be verified by checking the randomness associated with the number of
overloaded vehicles detected during different days of the month. In this article, we will explore the
application of the “Runs Test” to evaluate the randomness. The “Runs Test” is a statistical test used to
assess the randomness of data sequencing. In the context of the number of overloaded vehicles detected

during the days of the month, the above test examines whether there are significant deviations from
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randomness in the sequence of these numbers associated with the sequence of days. In this case, we will
apply the “Runs Test” to determine if the number of overloaded vehicles detected during separate days
of the month follows a random pattern or exhibits systematic behaviours.

The rest of the paper is organized by explaining the scientific background, randomness testing, and the
relevant studies followed by illustrating the research methodology to explain how the daily detected
overloaded vehicles are examined. The calculation process and its outcomes will be explained in the
numerical analysis section to show the research results followed by a summary and conclusion as well

as recommendations for further studies.

2. Scientific Background
2.1 Randomness Testing
“Runs Test” is a statistical tool used for analysing a sequential arrangement of data points in a dataset.
In theory, observations in a variable can be represented by a data sequence. The sequence is denoted as
X = (X1, X,,...,X3)where X; represents the observation. In a random data set, the probability that the
(i+1)th value is larger or smaller than the ith value follows a binomial distribution, which forms the basis
of the “Runs Test”. One of the well-known tests for randomness is the “Runs Test” in which the null
hypothesis (Ho) and the alternative one (H1) are defined as follows (Vovk, 2021):

- Null hypothesis (Ho): The sequence of data series follows a random process.

- Alternative hypothesis (H1): The sequence of data series does not follow a random process.

Defining the hypotheses is followed by observing the number of Runs (R) which may define case
differently to case. A Run is defined as consecutive increasing or decreasing values in the data sequence
or number of observations sequenced each other and come from the same population. There are several
ways to define runs in the literature, however, in all cases the formulation must produce a dichotomous
sequence of values or elements. In the case of existing values, the values above the median are coded as
positive and values below the median as negative. A run is defined as a series of consecutive positive (or
negative) values as well as N1 and N2 denote the number of positive and negative values in the series,
respectively (Luengo et al., 2022). For a small-sample runs test, there is a table to determine critical
values that depend on values of N1 and N2 (Mendenhall, 1982). For a large-sample runs test (where N1>10
and N2>>10), the test statistic is compared to the standard normal table. Therefore, the test statistic is
formulated by equation (1) where R and S3Zare respectively defined as the expected value of the Runs
and its variance formulated by equations (2) and (3), respectively. The test statistic (Z) is compared to
critical values from the standard normal table. If Z is greater than the critical value, we reject the null
hypothesis and if Z is less than or equal to the critical value, we fail to reject the null hypothesis (Karell-
Albo et al., 2020). Rejecting the null hypothesis means the data series does not follow a random process.
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2.2 Relevant Studies

Many studies, in the literature, have investigated the concerns and issues related to trucks’ overloading
in transportation. In addition to attributes studied in this field, techniques, approaches, and preventive
countermeasures are also being studied in this manner. Since weighing technology is being gradually
improved these days, recent studies mainly focus on advanced tools such as weigh-in-motion technology
whereas the economic aspects are under study to ensure that the operations gain enough revenue during
the usage (Mahmoudabadi & AkbariLalaei, 2017). Overloading is a primary concern in pavement
management, where Chen et al. (2020) conducted a research work to evaluate the impact of overloading
on road infrastructure by comparing different vehicle types and assessed the extent of pavement damage
caused by overloaded vehicles to provide recommendations for infrastructure preservation.

Road safety is another concern for transport authorities in this field. Singh and Srivastava (2022)
investigated the impact of overloading on the wear and tear of critical trucks’ components, such as tires,
suspension, and brake systems. They examine how exceeding weight limits affects the performance and
durability of trucks’ components, leading ultimately to increased maintenance costs and potential safety
hazards. The findings also highlight the importance of adhering to legal limits and implementing effective
overload monitoring systems to mitigate excessive wear and tear, optimize fuel efficiency, and ensure
road safety. Improving technologies is moreover under study where Lin et al. (2022) studied the
utilization of weigh-in-motion data to analyse the distribution of overload among different vehicle types
and provide insights into the specific and more prone vehicle categories to overloading, aiding in targeted
interventions to improve overloading control. Under focusing in this study, Borucka et al. (2020)
analyzed the randomness of overloaded vehicle incidents during separate days of the month in a
metropolitan area. They collected data on the number of overloaded vehicles detected over 12 months
and utilized statistical methods, including the KS test and Chi-square test, to compare the distribution of
incidents across different days. Compared to weekdays, the results indicated significant differences in
distribution, with more significant incidents observed on weekends (Borucka et al., 2020). Heshami and
Kattan (2022) have examined the temporal patterns and randomness of overloaded vehicles in a highway
network. They collected data on the number of overloaded vehicles stopped a day for two years and
applied statistical tests, including the KS and Chi-square tests, to analyze the distribution similarity across
different days. The study revealed no significant differences in distribution and indicated that overloaded
vehicle incidents occurred randomly throughout the month. The incidents associated with overloading
are additionally a topic under study where Prochowski (2013) investigated the impact of the day of the

week on overloaded vehicle incidents. He collected data on the number of overloaded vehicles discovered
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during weekdays and weekends over six months and employed statistical methods to compare the
distribution of incidents. The results demonstrated a significant difference in the distribution, with higher
incidents observed on weekends compared to weekdays, resulting in a non-random pattern in overloaded
vehicle occurrences.

Enforcement strategy is also under study as an essential component in pavement management where
Dolcemascolo et al. (2015) compared overload monitoring and enforcement strategies implemented in
various countries for heavy vehicles. They examined the effectiveness of approaches and highlighted the
best practices for mitigating overload risks. Another example is to improve the prediction rate of trucks
under enforcement, not only by utilizing the conventional methods but also by modelling the prediction
methods such as the context of chaos theory (Mahmoudabadi & Abolghasem, 2013). It is also combined
in the studies with traffic congestion whereas Gaira et al. (2020) explore the relationship between
overload distribution among different vehicle types and traffic congestion. They provided an analysis of
the impact of slow-moving overloaded vehicles on overall traffic flow and proposed strategies to alleviate
traffic congestion because it has a significant effect on pavement conditions. The role of transport
companies is also perceived as another attribute such that in a case study, Qiao et al. (2018) showed a
collaborative approach to overload monitoring between regulatory bodies and transportation companies.
It highlights the benefits of stakeholder engagement in implementing effective monitoring systems and
reducing overloading practices.

Although passenger cars may be under overloading control by distinct factors investigated by Gezahegn
(2021), improved by Yassenn et al. (2015) for vans and SUVs, commercial vehicles are more under
overloading control. For example, to improve technologies, Odonkor et al. (2020) focused on developing
an overload monitoring system specifically designed for commercial vehicles, discussing the importance
of weight distribution monitoring and proposing a sensor-based system for accurate measurement.
Heavy-duty vehicles are also investigated when (Nassif et al., 2018) compare different overload
monitoring systems used in heavy-duty vehicles, including construction equipment and mining trucks
operating in oppressive conditions. The research evaluates the effectiveness of the systems in measuring
real-time cargo weight and preventing structural damage caused by overloading followed by indicating
the impact of overload on components and structures, emphasizing the need for accurate monitoring
systems to ensure safety optimization and prolong the lifespan of vehicles under such extreme operating
conditions. It has also been improved in further studies where Alkhoori et al. (2021) focus on optimizing
overload distribution in heavy-duty vehicles and propose strategies to achieve optimal weight distribution,
considering factors such as cargo weight, vehicle characteristics, and handling capabilities. They also
emphasize the importance of balancing load distribution to minimize stress on components and structures,
reduce accidents caused by instability, and enhance overall vehicle performance and safety.

Recent studies have also examined the distribution of overload in different types of vehicles, specifically
by focusing on passenger cars and trucks, and analyzed various factors such as weight distribution,

maximum load capacity, handling, braking, and stability to determine how these characteristics affect
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the overload distribution. Their findings provided insights into the differences between passenger cars
and trucks based on their ability to handle and distribute excess weight, highlighting the importance of
considering these factors for passenger safety and vehicle performance optimization (Chan, 2008).

In summary, many studies have been conducted in overloading, so it is not a novel topic in transportation
but it requires more studies to investigate the efficiency and performance of enforcement and to improve
the procedures applied in overloading enforcement to ensure heavy vehicles do not destroy transport
infrastructures. The present research work accordingly focuses on the permanency of enforcement over
trucks’ overloading to ensure that the weighing stations spread across the country follow the enforcement
procedures constantly throughout the month. The concept follows by utilizing the statistical test, the so-
called “Runs Test” to check the randomness of the number of overloaded vehicles detected over the days
of the month. Overall, while there is limited specific research on checking the randomness of overloaded
vehicles during separate days of the month, studies on traffic patterns and vehicle overload detection
suggest that systematic factors influence their occurrence. Conducting the “Runs Test” can support
further investigation to check the randomness and identify any underlying patterns or deviations that can

inform traffic management authorities.

3. Research Methodology and Implementation

The research methodology and implementation for studying the randomness of the number of daily
detected overloaded vehicles on the month comprise collecting data, analyzing patterns, and re-drawing
conclusions based on the findings. The following represents a possible approach in this research.

Data collection: The first step is to collect experimental data on the number of daily overloaded vehicles
detected throughout the month. This data can be obtained from transport officials such as transportation
departments, law enforcement agencies, or any other organization responsible for monitoring and
reporting overloaded vehicles.

Data analysis: Once the data is collected, it should be analyzed to identify patterns or trends. Various
statistical techniques can be employed in the dataset to determine if there is a random distribution in the
data series or if certain days show higher detections of overloaded vehicles. The analysis is followed
based on the required steps to utilize the “Runs Test” to investigate the randomness of the data series as
the daily number of detected overloaded trucks throughout the month.

Hypothesis formulation: Based on the initial analysis, researchers can formulate hypotheses about
existing the randomness characteristics on the daily overloaded vehicles detected throughout the month.
Statistical tests: To examine the hypotheses, a specific statistical test should be utilized. For instance, in
the “Runs Test”, the normal standard table is used to determine if the number of overloaded vehicles
across different days significantly deviates from a random distribution. In a small sample size, it can also
be performed by extracting critical values from statistical tables.

Interpretation of results: The results would support transport authorities to ensure that there is no out-

of-place pattern in the trucks’ overloading enforcement. If data series come from a random pattern, it
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would be a piece of good news, otherwise, they need to check the enforcement strategies employed for

overloading.

4., Case Study and Data Collection

The first step in implementing the study is to identify the different vehicle types investigated in the
analysis. This may include commercial detachable trucks of trailers and heavy and light trucks. Although
vehicle fleets have been identified in the software for managing overloading data, all can be categorized
into three types. Data collection provides data records attributed to each detected vehicle on the roads,
that topped and forced the driver to pay a fine during a sonar Iranian year of 1399. It is the same time as
21st March 2020 to 20th March 2021. The overloading records have been categorized into thirty
observations and tabulated as shown in Table 1. Each observation includes the number of trucks detected
and recognized as overloaded trucks. It should be mentioned that although six months contain thirty-one
days, to obtain the homogeneity of 12 records for each day, the 31st day has been removed from analyzing

process.

5. Defining Hypotheses

When defining hypotheses, it is essential to make statements about the population or phenomenon under
study. In this case, we are interested in the number of overloaded vehicles detected during the days of
the month. Therefore, the statistical hypotheses are defined as follows:

The null hypothesis (Ho) states the number of overloaded trucks follows a random pattern. This means
there is no specific trend over the month or, in other words, there is no relationship between the days of
the month and the number of overloaded vehicles. For instance, any fluctuations or variations in the
number of overloaded vehicles are due to chance, and nothing has an influence on it.

On the other hand, the alternative hypothesis (H1) states that the number of daily detected overloaded
trucks does not follow a random pattern. This suggests there is some underlying factor or factors that
influence the number of overloaded trucks on different days of the month. These factors could be related
to external factors, such as traffic volume, road conditions, or specific events during certain days.

By defining the above hypotheses, a framework is set up for testing and analyzing data associated with
the number of overloaded trucks. Data has been collected over a while, and we compare it to what would
be expected under the null hypothesis. If the observed data significantly deviates from what would be
expected by chance alone, the null hypothesis is rejected, and conclude that there is adequate evidence
to support the alternative hypothesis. Otherwise, the null hypothesis is accepted and concludes the
number of daily detected trucks follows a random pattern.

In summary, defining hypotheses allows researchers to investigate whether there is a non-random pattern
in the number of overloaded trucks detected during the days of the month. It assists them in determining
if any underlying factors contribute to variations in this number and provides a basis for statistical

analysis and inference. The briefly stated sentences for the above hypotheses can be defined as follows:
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Null Hypothesis (Ho): The number of overloaded trucks detected during the days of the month follows a
random pattern.
Alternative Hypothesis (H1): The number of overloaded trucks detected during the days of the month

does not follow a random pattern.

6. Numerical Analysis

Numerical analysis should be conducted to study the randomness of the number of overloaded trucks
detected during the days of the month. This analysis can help researchers determine if there are any
patterns or trends in the occurrence of overloaded trucks, or if the occurrences are in a random pattern.
To conduct the analysis, data on the number of overloaded trucks detected each day of the month over a
certain period has been summarized. Let’s assume data was collected for 12 months. So, data is attributed
to each day as it has been recorded by the number of overloaded trucks on the 1st, 2nd, 3rd, ..., 30" day
of each month. Data is now tabulated in Table 1 where the first column indicates the day of the month
and the total number of detected trucks is tabulated in the fifth column titled as “Total in Day”.

The second step is calculating the deviation from the mean or median for the number of detected trucks.
The mean has been calculated as 2030 mentioned at the bottom of the column “Total in Day”. The second
step is calculating the deviation from the mean. For the first observation (the first day of the month), it is
obtained 1766 — 2030.5 = —264.5. The rest is obtained and tabulated in the sixth column. As shown,
some are positive and the others negative assigned by a sign in the seventh column.

The third step is calculating the parameters N1, N2, and Runs (R). The number of positive and negative
signs are respectively 16 (N, = 16), and 15 (N, = 14), while the number of the Runs is 12 (R = 12) as
shown in Table 1. Referring to the table for critical values of Runs Test (Mendenhall, 1982), the lower
and upper critical values are respectively 10 and 23 under 95% of the confidence interval. Since the
number of Runs (R = 12) is greater than 10 and smaller than 23, the null hypothesis is accepted so we
conclude that the number of daily overloaded trucks detected throughout a month follows a random
pattern. On the other side, considering the large sample size, equations (4), (5), and (6) are adapted to
calculate the expected value of Runs, Variance, and Z-Stat, respectively. As obtained, the absolute value
of the Z-Stat is not greater than the critical value of normal standard distribution under 95% of the two-
sided confidence interval (Z, 4,5 = 1.96). Therefore, the above decision is once more supported which

means that the number of overloaded trucks detected in days follows a random pattern.
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Tablel. Overall Stats on Trucks Detected as Overloading in Days

Day Trailer and Heavy Light Total Deviation Sign Runs
Compound Truck  Truck inDay toMean

01 567 779 420 1766 -264.5 - 1

02 614 675 358 1647 -383.5 - 1

03 625 786 376 1787 -243.5 - 1

04 699 697 340 1736 -294.5 - 1

05 731 726 344 1801 -229.5 - 1

06 850 868 438 2156 125.5 + 2

07 866 828 344 2038 7.5 + 2

08 938 759 345 2042 115 + 2

09 1007 654 327 1988 -42.5 - 3

10 1308 821 360 2489 458.5 + 4

11 509 875 427 1811 -219.5 - 5

12 643 800 393 1836 -194.5 - 5

13 666 707 422 1795 -235.5 - 5

14 569 725 371 1665 -365.5 - 5

15 840 837 411 2088 57.5 + 6

16 886 780 394 2060 29.5 + 6

17 822 967 425 2214 183.5 + 6

18 1026 897 426 2349 3185 + 6

19 802 881 403 2086 55.5 + 6

20 1297 858 446 2601 570.5 + 6

21 499 799 398 1696 -334.5 - 7

22 709 872 411 1992 -38.5 - 7

23 761 854 507 2122 91.5 + 8

24 771 884 380 2035 4.5 + 8

25 1031 968 481 2480 4495 + 8

26 831 731 359 1921 -109.5 - 9

27 924 904 470 2298 267.5 + 10
28 950 682 355 1987 -43.5 - 11
29 987 860 420 2267 236.5 + 12
30 1043 723 396 2162 131.5 + 12
Total 25317 24774 12150 62241

Mean 2030.5
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E—2X16X14+1—15933 (4)
T 16+ 14 T

, _2X16X14x(2x16x14-16-14) .
S8 = (16 + 14)2(16 + 14 — 1) - ®)

12-15933
7175

= —1.468 (6)

The results are also depicted in better shape by a graph in Figure 1 composed of two lines. The solid line
with square makers represents the number of daily detected overloaded trucks, and the dashed line
represents their mean. As shown the number of daily detected overloaded trucks smoothly moves around
the mean, so there is no descending or ascending throughout the month although a little fluctuation is

observed.

—a— QOverloaded Trucks — — Mean

2700
2500
2300
2100
1900
1700

1500
0 5 10 15 20 25

Days throughout the Month

Figure 1. The number of Overloaded Trucks Detected throughout the Month

7. Conclusion

Since it is allegedly believed that the rate of overloading enforcement decreases throughout the month,
the present research work studies the statistical behaviour of that in days from the beginning to the end
of a month. To this purpose, the statistical characteristic of randomness for the number of overloaded
trucks detected each day has been investigated to check if the number of daily overloaded trucks follows
a random pattern. As an experimental study, the number of overloaded trucks’ data recorded during a
year has been studied using the well-known statistical “Runs Test”. The test has been performed where
the observations are ordered in occurrence and deviations obtained by subtracting the number of

overloaded trucks, here as observations, from the average number of overloaded trucks. Performing the
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test revealed that the number of daily overloaded trucks followed a random pattern. It means that there
is no specific pattern or trend throughout the month. The results support transport authorities to ensure
there is not a trend in the rate of enforcement, but it does not mean that the enforcement should not be
improved. Further research in this field is recommended to study the above measure in distinct provinces

where the transport infrastructures, and geographical situations, are different from province to province.
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