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This research aims to analyze the existing vehicle speeds on a primary arterial road and to
implement speed management on road segments to improve road safety. This study utilizes
secondary data collected from local Police accident reports over the four preceding years
(2019-2022). A road inventory survey was conducted to determine road characteristics.
Traffic count surveys and spot speed surveys were used to obtain traffic characteristics.
Existing speeds were analyzed using the 85th percentile speed, which reflects the operating
speed of the majority of drivers. Subsequently, the 85th percentile speed was benchmarked
against Indonesia’s Minister of Transportation Regulation No. PM 111/2015. A Chi-square
analysis was used to test the influence of vehicle speed on the fatality rate of traffic accident
victims. The results of the Chi-square test indicated a significant relationship between
vehicle speed and the fatality rate of traffic accident victims on the Jalan Raya Anyer. To
improve road safety, speed control was implemented through the installation of signs and
markings, particularly in accident-prone areas. The installation of speed limit signs is
proposed in areas with educational, commercial, and residential activities. To enhance
effectiveness, speed limit signs are installed repeatedly at a distance of 35 m between signs.
The results of this research can contribute to the development of more effective policies
and strategies to improve traffic safety on primary arterial roads, particularly in terms of
speed management.

1. INTRODUCTION

1.1 Background

accident rates [20-23]. According to WHO data [24], an
increase in average speed of 1 km/h can increase accident risk
by 3% to 5%.

Jalan Raya Anyer in Serang Regency, Banten Province, is

Traffic accidents are one of the major problems in many
countries, including Indonesia. Road accidents not only cause
significant material losses but also result in serious injuries and
loss of life [1]. Vehicle speed is one of the most frequently
associated factors with traffic accidents [2-4]. According to
Sari et al. [5] and Turner et al. [6], vehicle speed can increase
the fatality rate for collision victims.

Primary arterial roads, as part of the main transportation
system, play a vital role in community mobility and the
distribution of goods [7, 8]. However, some of these primary
arterial roads are sites of traffic accidents [9-11]. Researchers
often find that vehicle speeds exceeding the speed limit
contribute to accidents on primary arterial roads [3, 12-19].
These vehicle speeds can lead to reduced driver reaction time,
increased braking distance, and increased collision impact.

Traffic accidents on primary arterial roads have continued
to increase in recent years, according to data from Korlantas
POLRI. Studies conducted by various researchers show that
there is a significant correlation between vehicle speed and
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one of the primary arterial roads that plays an important role
in connecting various areas around Serang Regency with the
Anyer beach area, which is known as a popular tourist
destination. Jalan Raya Anyer is an accident-prone area,
according to Cilegon City Police data. In 2019-2022, there
were 48 traffic accidents on this road section. Of the 48
accidents in the last four years, 22% of traffic accident victims
died, 19% suffered serious injuries, and 59% suffered minor
injuries. The speed analysis revealed that 83% of vehicles on
this road exceed the allowed speed limit. According to
previous studies [5, 6, 25-27], vehicle speed affects the fatality
rate of collision victims. According to the data from the
inventory survey of road sections in 2023, this particular road
section does not have any speed limit signs.

1.2 Problem statement

Based on the background provided, the following points
outline the research problem statement:


https://orcid.org/0009-0002-8115-6324
https://orcid.org/0000-0003-4960-4019
https://orcid.org/0000-0002-0978-8901?lang=en
https://crossmark.crossref.org/dialog/?doi=10.18280/ijtdi.090316&domain=pdf

a. The high incidence of traffic accidents represents a
critical public safety concern, including in Indonesia,
where such incidents result in significant material
losses, serious injuries, and fatalities.

b. Vehicle speed has been widely recognized as a
contributing factor in traffic accidents and is closely
linked to increased crash severity and fatality rates.

c. Primary arterial roads serve a crucial function in
facilitating mobility and the distribution of goods and
services; however, certain segments have been
identified as accident-prone locations.

d. Jalan Raya Anyer, located in Serang Regency, Banten
Province, is classified as a primary arterial road. During
the period 2019-2022, a total of 48 traffic accidents
were recorded on this road segment, with 22% resulting
in fatalities, 19% in serious injuries, and 59% in minor
injuries.

e. A vehicle speed survey revealed that approximately
83% of vehicles on Jalan Raya Anyer exceeded the
applicable speed limits.

f. Data from the 2023 road inventory survey indicated the
absence of speed limit signage along this segment of
Jalan Raya Anyer, potentially contributing to excessive
speeding behavior.

1.3 Research objectives

This study aims to analyze the effect of vehicle speed on
traffic accidents on primary arterial roads and conduct speed
management on road sections to improve road safety. This
study expects the traffic accident and vehicle speed data to
offer a deeper understanding of the correlation between speed
and traffic accidents.

Given the current issues, a comprehensive research strategy
is required to reduce the frequency and fatality rate of traffic
accidents resulting from speed limit violations on primary
arterial roads. This study's design incorporates the following
problem-solving approaches:

1. Theoretical approach and literature review

The goal of this study is to identify and understand the
theories and previous research findings relevant to vehicle
speed and traffic accidents. This involved conducting a
literature review to gather information on the relationship
between vehicle speed and traffic accidents. It then reviewed
existing traffic policies and regulations related to speed limits
on primary arterial roads.

2. Empirical approach

Empirical data is used to analyze the effect of vehicle speed
on traffic accidents. Both primary and secondary data are
required.

3. Analytical approach

Perform a descriptive analysis to describe the characteristics
of accident and vehicle speed data. Conduct statistical testing
to test the hypothesis and determine whether vehicle speed has
a significant effect on crashes. Analyze other factors that may
influence crashes, such as road conditions, weather, and driver
behavior.

4. Implementation

Develop policy recommendations and interventions that can
reduce traffic accidents due to vehicle speed on primary
arterial roads.

1.4 Research limitations

Traffic accident data sourced from the police, while being
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the primary source of information, has several limitations that
need to be considered in analysis:

a. Underreporting: Not all accidents are reported to the
police. Minor accidents without significant injuries or
with only minor damage are often resolved on-site by
the parties involved without involving law enforcement.
This results in incomplete recorded accident data.

b. Limitations in recorded information: The details
included in police reports may not always be complete
or accurate. Information about the contributing factors
of an accident (e.g., speed immediately prior to the
incident, driver’s emotional state, distractions) is often
subjective, based on the accounts of those involved and
witnesses, and may not reflect the actual conditions.

c. Focus on legal aspects: Police reports tend to emphasize
legal aspects and the determination of fault. Details that
are relevant for road safety analysis (e.g., specific road
surface conditions, visibility just before the incident)
may not be recorded in detail if they are not directly
related to law enforcement.

d. Lack of pre-crash information: Police data generally
focuses on events during and after the crash, and may
lack sufficient information about driver conditions or
behavior prior to the crash (e.g., driving history, driving
habits).

Despite its limitations, police accident data remains a highly
valuable source for understanding traffic accident patterns and
trends. To address these limitations, additional analysis is
needed, particularly to obtain vehicle speed data in accident-
prone areas.

2. LITERATURE REVIEW

Traffic accidents represent multifaceted issues shaped by
human behavior, vehicle conditions, infrastructure, and
environmental factors. Prior research consistently emphasizes
the dominant role of human error, while also recognizing the
influence of systemic and contextual variables. This review
outlines the prevailing trends and key determinants of traffic
accidents as established in the existing literature.

2.1 Traffic accident trends

Traffic accidents are multifactorial events influenced by
various elements, primarily human factors, but also vehicle
conditions, road infrastructure, and environmental conditions
[5, 27, 28]. The following is a synthesis of the key factors
contributing to traffic accidents, based on the reviewed
abstracts:

Table 1. Factors causing traffic accidents

Factor Elements Literature
Speeding, aggressive driving,
Human alcohol consumption, [27,29-34]
inexperience, and fatigue
Vehicle Technical defgcjrs, vehicle age, 30, 35, 36]
and collision types
Rondang - Tomrdemdtens e g 13, 1.2,
Environmental ’ P 37, 38]

environments

Human factors are the most significant contributors to
traffic accidents, followed by vehicle conditions, road



infrastructure, and environmental factors [27]. Addressing
these issues through improved driver education, vehicle
maintenance, road design, and traffic management can
significantly reduce the incidence and severity of traffic
accidents. Table 1 presents a synthesis of the key factors
contributing to traffic accidents, as identified in the reviewed
abstracts.

Traffic accidents constitute unforeseen and unplanned
events occurring on roadways, involving vehicles with or
without other road users, resulting in casualties (human)
and/or material losses [39]. Philosophically, accidents are
infrequent, random occurrences involving multiple interacting
factors (multi-factorial) due to the interplay of several
variables. Fundamentally, the primary components of road
traffic comprise three key elements: road users/humans,
vehicles, and the road infrastructure. These three components
exhibit distinct characteristics for each road segment location
and can all contribute to the occurrence of traffic accidents.
Consequently, understanding the characteristics of these three
primary components is crucial for conducting identification
and analysis of traffic characteristics within land use contexts,
ultimately aiming to enhance road traffic safety [40, 41].

2.2 Effect of vehicle speed on traffic accidents

Vehicle speed is a critical factor influencing both the
likelihood and severity of traffic accidents. Higher speeds are
directly correlated with an increased risk of collisions, as they
reduce the time available for drivers to react to hazards and
increase stopping distances. The severity of injuries sustained
in traffic accidents also escalates with increasing speed. For
instance, a 5% reduction in average vehicle speed can lead to
an estimated 18.5% decrease in traffic fatalities [42]. This
relationship is especially significant in pedestrian-related
accidents, where even small increases in speed can result in
substantially worse injury outcomes [41]. The risk of serious
injury rises with impact speed across various types of crashes.
In the study by Doecke et al. [43], the probability of sustaining
a serious injury in a head-on collision reaches 1% at an impact
speed of 28 km/h, while for side-impact collisions, this same
risk level is reached at 51 km/h.

Implementing and enforcing speed limits is a key strategy
for reducing the incidence and severity of traffic accidents.
Research indicates that increasing speed limits, particularly on
rural interstates, can lead to higher fatality rates [44]. Physical
interventions such as speed bumps, roundabouts, and lane
narrowing have been shown to effectively reduce vehicle
speeds, thereby lowering both the frequency and severity of
accidents [42].

Environmental conditions also play a significant role in safe
speed determination. Adverse weather, such as fog,
necessitates lower driving speeds to maintain safety. Dynamic
speed limits that adjust based on weather conditions can help
reduce accident risks [35, 45]. In addition, vehicle-related
factors, such as engine capacity, vehicle type, and age affect
accident severity. Vehicles with higher engine capacities and
older vehicles are associated with a greater likelihood of
severe crashes [36].

In conclusion, managing vehicle speed is essential to
improving road safety. Reducing vehicle speeds not only
decreases the likelihood of crashes but also mitigates the
severity of injuries when they occur. The development and
implementation of effective speed management strategies
accounting for environmental conditions and supported by
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technological innovations are vital to achieving safer roads. By
understanding the multifaceted role of speed in traffic
accidents, policymakers and road safety professionals can
design more effective interventions to reduce traffic injuries
and fatalities.

2.3 Speed management

The implementation of appropriate speed limits is an
integral component of the Safe System approach to improving
road safety. Speed significantly influences both the likelihood
of a collision and the severity of its consequences [6, 20, 22,
46]. The predominant cause of traffic accidents is often
attributed to human factors, particularly non-compliance with
speed limits [25]. Therefore, reducing vehicle speed is one of
the key factors contributing to enhanced road safety [47].
According to Noesaku et al. [26], safety factors and impact
speed serve as measurable indicators of both the likelihood and
consequences of accidents and are recommended as central
elements in improving traffic risk management strategies. The
Safe System approach emphasizes minimizing harm as its core
philosophy in determining speed limits. Consequently, driver
speed selection plays a crucial role in the development of a
safer road system. Speed management involves a variety of
approaches that can be categorized as follows:

1. Speed Limits: Setting appropriate speed limits based on
road type, surrounding land use, traffic volume, and the
presence of vulnerable road users [18, 21, 25, 48].

2. Traffic Calming: The implementation of physical
modifications to road design to encourage drivers to
reduce speed. Examples include:

- Vertical Elements: Speed bumps, speed humps,
raised pedestrian crossings, speed tables [42].

- Horizontal Elements: Lane narrowing, chicanes,
roundabouts, curb extensions, traffic islands [49].

- Visual Elements: Road markings, traffic signs, and
optical illusions [16, 23, 38, 50, 51].

3. Enforcement: Police efforts to ensure compliance with
speed limits through patrols, fines, and the use of
technologies such as speed cameras. Effective
enforcement requires high visibility and clearly defined
penalties.

4. Education and Public Awareness: Increasing public
understanding of the risks associated with speeding and
the benefits of compliance through media campaigns,
educational programs, and community engagement.

5. Vehicle Technology: The integration of in-vehicle
technologies that assist drivers in managing speed, such
as cruise control, speed limiters, and Intelligent Speed
Assistance (ISA), which can issue warnings or
automatically limit the vehicle’s speed.

6. Self-Explaining Roads: Designing roads in such a way
that their geometric and visual features intuitively
convey safe and appropriate speeds to drivers.

Effective speed management requires a comprehensive and
integrated approach, involving a range of strategies and
collaboration among government authorities, law enforcement
agencies, civil society organizations, and the general public.

3. METHODOLOGY

This study utilizes secondary data gathered from the last



four years of traffic accident records. Secondary data collected
from local Police accident reports over the four preceding
years (2019-2022). The primary data was collected by
conducting road inventory surveys, traffic counting surveys,
and vehicle spot speed surveys. A road inventory survey was
conducted to determine road characteristics. Traffic count
surveys and spot speed surveys were used to obtain traffic
characteristics. Existing speeds were analyzed using the 85th
percentile speed, which reflects the operating speed of the
majority of drivers. The following analysis is used:

a. An analysis was carried out to evaluate the 85th
percentile speed in relation to the guidelines stipulated
in the Indonesian Minister of Transportation Regulation
No. PM 111 of 2015 concerning the determination of
speed limits.

b. Chi-square analysis was used to analyze the impact of
vehicle speed on fatalities. The purpose of using the
Chi-square analysis is to determine whether there is a
statistically significant relationship between vehicle
speed and the severity of traffic accident fatalities. Chi-
square is suitable for this analysis due to the categorical
nature of both variables, its ability to test for
independence, its method of comparing observed and
expected frequencies, its non-parametric nature, and the
interpretability of its results in determining statistical
significance.

c. Comparing research findings with those of previous
studies is essential. This comparison helps to identify
consistencies that reinforce the validity of the findings,
or discrepancies that may suggest new insights or
contextual differences. It also highlights the unique
contribution of the current study by identifying gaps in
the literature or demonstrating how the research
advances existing knowledge.

The results of this study will aid in the creation of more
effective policies and strategies to enhance traffic safety on
primary arterial roads, particularly in the area of speed
management. To conduct this research, a systematic
methodology comprising several stages was developed. These
stages are presented in Figure 1.

‘ Data Collection |
I

v v

Primary Data Secondary Data

1. Traffic accident

2. Road network

3. Landuse

4. road charactenistics

1. Vehicle speed
2. Traffic Volume
3. Road characteristics

'

Analvsis

1. The 83th percentile
vehicle speed
2. Chisquare

'

Road Safety Improvement
Recommendations

Figure 1. Research stage

3.1 Study area

The location of this research is Serang Regency in the
province of Banten, Indonesia. The district is headquartered in
Ciruas Subdistrict, which is located at the northwestern tip of
the island of Java. Its area is 1,467.35 km?. Serang Regency
consists of 29 sub-districts and 326 villages with a density of
1,146 people/km?. Jalan Raya Anyer is one of the roads
included in the accident-prone areas in Serang Regency.
Figure 2 shows the research location.

Pandeglang

RangkasbitC

Balaraja

Tanger

Bodjongdjuruh

Citra Raya

Figure 2. Research location
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3.2 Data collection and analysis

3.2.1 Data collection

This study utilizes secondary data obtained from traffic
accident records over the past four years. Primary data were
collected through road inventory surveys, traffic volume
counts, and spot speed surveys. Table 2 outlines the types of
data used in the study, along with their sources and methods
of collection.

Traffic accident data from Jalan Raya Anyer (2019-2022)
were obtained from the Cilegon City Police Department.
Based on the accident chronologies, the characteristics of the
traffic accidents were identified. During this period, a total of
48 traffic accidents were recorded, with 22% of the victims
suffering fatal injuries, 19% sustaining serious injuries, and
59% experiencing minor injuries. An analysis of the vehicle
types involved in the accidents shows that 73% of the cases
involved motorcycles, whereas 27% involved light vehicles.

The detailed characteristics of the traffic accidents are
presented in Table 3.

Data from the road network provides information on the
structure of national, provincial, and district roads within
Serang Regency, along with corresponding land use data. The
road network data used in this study includes road dimensions
(length and width), road classifications, and roadside
infrastructure. Land use data for the study area were also
obtained and analyzed. These data were sourced from the
Geospatial Information Agency and the Provincial or Regency
Office of Spatial Planning and Land Affairs.

Field-obtained road inventory data include road length,
width, roadside hazards, traffic signs, road markings, as well
as intersection conditions and accessibility. The road
inventory survey also provides road capacity estimates. The
volume-to-capacity (V/C) ratio for each road section is then
calculated by dividing the traffic volume (in pcu/hour) by the
road capacity.

Table 2. Data collection

No. Data Sources Type of Data
1 Police department Traffic accident data
) The Geospatial Information Agency and the Provincial or Regency  Road network, road classifications, land use, road length, and road
Office of Spatial Planning and Land Affairs width
. Road length, width, roadside hazards, traffic signs, road markings,
3 Road inventory survey . . o e
as well as intersection conditions, and accessibility
4 Vehicle speed survey Vehicle speed
5 Traffic counting survey Traffic volume, road capacity, V/C ratio

Table 3. Types of collisions in traffic accidents

Number Type of Collision

Year of Events Head-on Side Rear-End T-Bone
Collision Collision Collision Collision

2019 10 3 4 2 2

2020 9 4 1 1 3

2021 13 6 3 3 1

2022 16 8 7 0 0

Total 48 21 15 6 6

Vehicle speed surveys gather data on the current speed of
vehicles at a specific point within the studied section. This
survey employs a speed gun tool to determine the average
vehicle speed at a specific point within the studied section.

Traffic volume is the total number of vehicles that cross a
location or road segment in a certain period of time [50]. These
vehicles are categorized into several groups, such as heavy
vehicles (HV), light vehicles (LV), motorcycles (MC), and
non-motorized vehicles.

3.2.2 Vehicle speed analysis

Vehicle speed analysis using 85th percentile speed is a
commonly used method to understand vehicle speed patterns
within an area, particularly to identify appropriate speed limits
for safety [16, 39, 52]. The spot speed method gathers speed
data by measuring the actual speed of multiple vehicles at a
specific location. Furthermore, the 85th percentile speed is
used as a basis for determining speed requirements in
accordance with the guidelines. Table 4 outlines the speed
limits determined based on the surrounding land use listed in
the Minister of Transportation Regulation No. 111 of 2015.

This data was used to determine the speed at the 85th
percentile. Using the 85th percentile speed as a guideline for
speed limits can also reduce the number of violations, increase
driver compliance, and potentially reduce the risk of accidents,
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as the limits set are more in line with the actual speeds adopted
by motorists.

Table 4. Maximum vehicle speed by land use

No. Land Use Speed
1. Maximum 30 km/h during school entry and
dismissal hours
2. Maximum 80 km/h for motorized vehicles
3. Maximum 60 km/h for motorcycles
Maximum 40 km/h

Maximum 40 km/h

1 Education

2 Residential
3 Commercial

3.2.3 Chi-square analysis

Chi-square analysis is a statistical method that examines the
relationship between two categorical variables. To determine
the relationship between vehicle speed and traffic crashes,
Chi-square analysis is an effective method, especially when
data on vehicle speed (e.g., “high” or “low” categories) and
traffic crashes (e.g., “no crash” or “no crash”) are available as
categorical data.

The confidence level in this Chi-square test is 95%, or o =
5%. The Chi-square value obtained is compared with the
critical value of the Chi-square at the set significance level
(e.g., 0.05) and the corresponding df. If the Chi-square value
is greater than the critical value, then the null hypothesis is
rejected. Based on the results of the Chi-square test and the
corresponding significance value, the analysis yields the
following conclusions:

a. If the Chi-square result is statistically significant, it
indicates a meaningful relationship between vehicle
speed and the occurrence of traffic accidents.

b. If the Chi-square result is not statistically significant, it
suggests that there is insufficient evidence to support a
relationship between the two variables.



4. RESULTS AND DISCUSSION
4.1 Road characteristics

Road characteristics refer to various physical and functional
aspects of roads that impact their role in traffic safety. The road
characteristics of the studied area were obtained through an
inventory survey of road segments.

Road segments are classified based on the uniformity of
geometric characteristics, traffic characteristics, roadside land
use, and accident-prone area (Blackspot) [53-55]. A road
segment is considered homogeneous if it has relatively
consistent geometric elements, such as horizontal and vertical
alignments. Meanwhile, the land use characteristics around the
road (e.g., residential, commercial, industrial) can influence
traffic characteristics. Furthermore, road segmentation also
takes into account segments with a high history of traffic
accidents [56]. The Jalan Raya Anyer under study spans 19
KM, so to facilitate data collection, this road is divided into
five segments based on the locations of traffic accidents.
Tables 5-9 present the road characteristics based on the results
of the road inventory survey.

Based on the road characteristics, the width of Jalan Raya
Anyer does not yet meet the standard [54]. The general
condition of the road pavement is good. Figure 3 explains the
percentage of land use around the Jalan Raya Anyer. Along
Raya Anyer Road, commercial areas are dominated by resorts,
offices, and trading areas.

The analysis revealed that 58% of traffic accidents on the
Raya Anyer road section occurred in commercial areas.
Additionally, 38% took place in residential areas, while only
4% occurred near educational areas.

Table 5. Road characteristics Segment 1

Road Characteristics

. . Status National
Road classification Function Arterial
Road length (m) 5,560
Road width (m) 7.8
Road type 2/2UD
Traffic lane width (m) 7
Lane Left (m) 3.5
Right (m) 3.5
Road shoulder lieg% " E$§ 83
. Left (m) -
Drainage Right (m) )
Pavement condition good
Pavement type Flexible
Road markings Less obvious (faded)
Land use Commercial

Table 6. Road characteristics Segment 2

Road Characteristics

Road classification Statgs Natlopal
Function Arterial
Road length (m) 2,430
Road width (m) 7
Road type 2/2 UD
Traffic lane width (m) 7
Left (m) 3.5
Lane Right  (m) 3.5
Left (m) 1
Road shoulder Right (m) 15
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Left

Drainage Right

Pavement condition
Pavement type

Road markings

Land use

(m)
(m)

good
Flexible

Less obvious (faded)

Commercial

Table 7. Road characteristics Segment 3

Road Characteristics

Road classification

Road length
Road width
Road type
Traffic lane width

Left
Lane Right
Left
Road shoulder Right
. Left
Drainage Right

Pavement condition
Pavement type
Road markings
Land use

Status
Function
(m)
(m)

(m)
(m)
(m)
(m)
(m)
(m)
(m)

National
Arterial
3,250
7
2/2 UD
7
3.5
3.5
1
1

good
Flexible
Less obvious (faded)
Commercial

Table 8. Road characteristics Segment 4

Road Characteristics

Road classification

Road length
Road width
Road type
Traffic lane width

Lane L.eft
Right
Road shoulder ;legfg "
Drainage Left
Right

Pavement condition
Pavement type
Road markings
Land use

Status

Function

(m)
(m)

(m)
(m)
(m)
(m)
(m)
(m)
(m)

National
Arterial
3,270
7
2/2 UD
7
35
35
1.5
1.5

good
Flexible

Less obvious (faded)
Commercial & softland

Table 9. Road characteristics Segment 5

Road Characteristics

Road classification

Road Length
Road width
Road type
Traffic lane width

Lane Left
Right
Road shoulder I;Zf}‘: t
Drainage Left
Right

Pavement condition
Pavement type
Road markings
Land use

Status
Function
(m)
(m)

(m)
(m)
(m)
(m)
(m)
(m)
(m)

National
Arterial
4,440
7
2/2 UD
7
3.5
3.5
0.5
0.5

good
Flexible
Less obvious (faded)
Commercial




= Residential
® Commercial

= Education

Figure 3. Percentage of land use around the accident site
4.2 Road characteristics

The Passenger Car Unit (PCU) value is determined based
on the type of vehicle. PCU is a standardized unit used in
traffic engineering to express the impact of different vehicle
types on traffic flow relative to a standard passenger car. It
allows heterogeneous traffic, consisting of vehicles of varying
sizes and operational characteristics, to be converted into a
common unit for more accurate analysis and comparison. The
PCU value is based on each type of vehicle. Traffic volume is
calculated by Eq. (1):

V=D.S (1)

V is traffic volume (pcu/hour), D is density (pcu), and S is
speed (km/h). The greatest flow through a single location on a
road that can be sustained per hour under specific
circumstances is known as road capacity [57]. Capacity for
two-way flow is established for two-lane two-way roadways.
Eq. (2) provides the fundamental formula for calculating

capacity:

C = Co X FCw X FCsp x FCsf x FCcs 2)
where,

C: Capacity (pcu/hour).

CO: Basic capacity (pcu/hour).

FCw: Road width adjustment factor.

FCsp: Directional separation adjustment factor (only for
undivided roads).

FCsf: Adjustment factors for side resistance and shoulder
width or obstacle kreb distance.

FCcs: Speed adjustment factor.

One of a road section's service indicators (LoS) is the V/C
ratio. Thus, traffic volume is divided by road capacity. Traffic
characteristics on the Raya Anyer Road section obtained from
traffic surveys in the field are described in Table 10.

Table 10. Traffic characteristics

Width (m) Road Type Volume (pcu/h) Capacity (pcu) V/C
7 2/2UD 1660 2552 0.65

The most dominant type of vehicle traveling on Jalan Raya
Anyer is motorcycles, at 53%. Meanwhile, private cars
amounted to 24%. We classify each type of vehicle into three

635

groups: MC, LV, and HV. Light vehicles are a type of four-
wheeled motorized vehicle, weighing around 1,000 kg to
3,500 kg. Examples of this type of motorized vehicle are
passenger vehicles, public transport, pick-up trucks,
microbuses, and microtrucks. According to the Bina Marga
classification system, heavy vehicles are motorized vehicles
with four or more wheels, including buses, 2-axle trucks, 3-
axle trucks, and combination trucks, each having a different
number of axles and tires. Figure 4 describes the percentage of
vehicles grouped by type (motorcycles, light vehicles, and
heavy vehicles).

B Motor cycle u Heavy Vehicle

W Light Vehicle

Figure 4. Percentage grouping of vehicle types traveling on
Jalan Raya Anyer

The percentage distribution of vehicle types traveling on
Jalan Raya Anyer is categorized to analyze traffic composition
and assess the impact of each vehicle group on road
performance and safety.

4.3 Vehicle speed analysis

The speed was obtained from the results of the spoot speed
survey. Then the results of this survey were analyzed to obtain
the 85th percentile speed of each type of vehicle. Table 11
describes the 85th percentile speed of each type of vehicle on
the Jalan Rata Anyer.

Table 11. Results of 85th percentile vehicle speed analysis

Vehicle Type Amount Standard 85th
of Data Deviation Percentile

Motorcycles (A) 30 11.674 59.70
Motorcycles (B) 30 11.391 65.35
Light Vehicle (A) 30 11.463 57.05
Light Vehicle (B) 30 6.931 54.00
Heavy Vehicle (A) 30 6.080 52.00
Heavy Vehicle (B) 30 6.880 50.05

The histogram in Figure 5 shows that the mean speed is
46.67 km/h, with a standard deviation of 11.675. This means
that the average speed of motorcycles in direction (A) on Jalan
Raya Anyer is 46.67 km/h, with a speed variation of +11.675
km/h around the average.

The histogram shows that the speed distribution varies, with
the most frequent speed intervals around 30 km/h and 50 km/h,
each with the highest frequency (5 vehicles). This distribution
appears spread out, with the lowest speed around 20 km/h and



the highest approaching 70 km/h. Based on the distribution
pattern, the 85th percentile speed is at 60 km/h. This histogram
helps to understand the speed pattern of vehicles at this
location, including high speed variation and the dominance of
moderate speed frequencies. These results can be used as a
basis to set an appropriate speed limit in the area. For vehicle
speeds in the direction (B), the average speed is 49.03 km/h,
with a standard deviation of 11.391 km/h. This indicates that
the average vehicle speed is slightly higher than the inbound
motorcycle speed, and there is significant variation in vehicle
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speeds around the average. The histogram of outbound vehicle
speeds reveals that speeds around 50 km/h have the highest
frequency, reaching approximately 7 vehicles. Most vehicles
travel within the range of 40-50 km/h, while a few vehicles
travel faster (up to nearly 80 km/h). The distribution pattern in
the histogram graph indicates that the 85th percentile speed is
at 63 km/h, meaning that 85% of the vehicles are traveling
below this speed. Furthermore, the histogram for light vehicles
is described in Figure 6.
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Figure 5. Histogram diagram of motor cycle speed on Jalan Raya Anyer
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Figure 6. Histogram diagram of light vehicle speed on Jalan Raya Anyer
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Based on Figure 6, the average speed of light vehicles in the
direction (A) is 46.63 km/h, with a standard deviation of
11.464 km/h. This indicates that most light vehicles are
moving at an average speed of around 46.63 km/h, with
considerable variation around this value. Most vehicles travel
at speeds between 40 and 50 km/h, with the highest frequency
in this range being around 7 vehicles. A few vehicles are
traveling faster, with one peak reaching approximately 80
km/h. Overall, this histogram shows that most light vehicles
are traveling at moderate speeds (around 40-50 km/h) when
entering the area. Some vehicles' higher speeds may raise
specific safety concerns, and we can use these results to
establish more suitable speed limits or policies for heavy
vehicles in this area.

For light vehicles in the direction (B), the histogram shows
that the average vehicle speed is 47.23 km/h, with a standard
deviation of 6.932 km/h. From the histogram of outbound light
vehicles, the distribution shows that the 85th percentile speed
is 54 km/h, meaning that 85% of vehicles passing this road are
traveling at speeds up to 54 km/h. The distribution curve in
this histogram suggests a near-normal distribution, with the
majority of heavy vehicles moving at moderate speeds, around
40-50 km/h. The speed variation is relatively small, indicating
a more uniform movement pattern. Figure 7 then elaborates on
the histogram for heavy vehicles.

Figure 7 illustrates the speed distribution of heavy vehicles
(HV) histogram. The average speed of heavy vehicles in A
direction is 43.17 km/h, with a standard deviation of 6.08
km/h. Heavy vehicles mostly travel within a speed range of
35-50 km/h, with the highest frequency around 45 km/h. Some
vehicles move at slower speeds around 30 km/h, while others
reach speeds up to 60 km/h. This distribution shows a fairly
uniform movement pattern among heavy vehicles, with
minimal speed variation. For B direction, the average speed is
41.37 kmn/h with a standard deviation of 6.881 km/h. This

means that heavy vehicles tend to travel around 41 km/h with
moderate variation. Under existing conditions, most heavy
vehicles travel at speeds within the 35-50 km/h range. The
highest frequency is around 45 km/h, with some vehicles
moving slower, in the range of 20-30 km/h, and a few reaching
speeds up to 60 km/h. The 85th percentile speed of heavy
vehicles in B direction is 50 km/h. This histogram also shows
a pattern close to a normal distribution, with most heavy
vehicles traveling near the average speed. The observed curve
indicates that the speed distribution of heavy vehicles B in
direction tends to be more centered.

4.4 The correlation between vehicle speed and road traffic
accidents

In this study, the analysis utilized SPSS 22 software with
the Chi-square statistical test. The confidence level in this Chi-
square test is 95%, or a = 5%. The following hypotheses were
used to establish a relationship between the frequency of
accidents and the factors that cause traffic accidents:

a. If the p-value of the test is less than 0.05, the null
hypothesis (Ho) is rejected, indicating a statistically
significant relationship between the independent and
dependent variables.

b. If the p-value is less than 0.05, the alternative
hypothesis (H,) is accepted, suggesting a significant
correlation between the independent and dependent
variables.

A Chi-square analysis to ascertain the correlation between
crash fatality and vehicle speed. Table 12 describes the volume
of data analyzed.

Furthermore, the speed frequency data on DRK in the Chi-
square analysis is described in Table 13.

Table 14 displays the results of the Chi-square test for the
relationship between vehicle speed and traffic fatalities.

Table 12. Total traffic accident occurrence data on Raya Anyer

Valid Missing Total
N Percent N Percent N Percent
Traffic Accidents 48 100% 0 0.0% 48 100%

Table 13. Frequency data of speed exceeding the permitted limit in accident-prone areas

Severity Total
Minor Injury/Severe Injury Fatality
Count 7 3 10
Speeding % within Fatalitas 38.9% 10.0% 20.8%
Speed % of Total 14.6% 6.3% 20.8%
Count 11 27 38
Not Speeding % within Fatalitas 61.1% 90.0% 79.2%
% of Total 22.9% 56.3% 79.2%
Count 18 30 48
Total % within Fatalitas 100% 100% 100%
% of Total 37.5% 62.5% 100%
Table 14. The Chi-square analysis reveals the impact of vehicle speed on fatalities
Value df  Asymptotic Significance (2-Sided) Exact Sig. (2-Sided) Exact Sig. (1-Sided)
Pearson Chi-square 5.6932 1 0.017
Continuity Correction® 4.076 1 0.044
Likelihood Ratio 5.565 1 0.018
Fisher's Exact Test 0.027 0.023
Linear-by-Linear Association 5.574 1 0.018

N of Valid Cases 48




Table 14 shows the results of the Chi-square test that
analyzes the relationship between vehicle speed and traffic
fatalities. The Chi-square test value is 5.693 with a degree of
freedom (df) of 1. The asymptotic significance value (2-sided)
is 0.017, which is smaller than 0.05. This indicates that there
is a statistically significant relationship between vehicle speed
and traffic fatalities at the 95% confidence level. This indicates
that there is a statistically significant relationship between
vehicle speed and traffic fatalities at the 95% confidence level.
Continuity correction was used for data with df = 1, which
resulted in a correction value of 4.076 with a significance of
0.044. This result also indicates a significant relationship,
although weaker than the Pearson Chi-square. The likelihood
ratio value was 5.565, with a significance level of 0.018. This
reinforces the Pearson Chi-square result that there is a
significant relationship between vehicle speed and crash
fatality. In Fisher's exact test for data with a small sample size,
the 2-sided significance value was 0.027, and the 1-sided
significance value was 0.023. Both indicate a significant
association. The linear association test value was 5.574 with a
significance of 0.018, indicating a trend towards a linear
relationship between vehicle speed and crash fatality rate.
Overall, the Chi-square test results indicate a significant
relationship between vehicle speed and fatalities.

4.5 Speed management recommendations for road sections

Speed analysis indicates that vehicle speed has a significant
impact on the fatality rate of traffic accident victims.
Consequently, speed management is considered one of the
most effective strategies for reducing road traffic accidents.
Targeted speed management measures are typically
implemented in accident-prone areas. Figure 8 illustrates a
black spot location along Jalan Raya Anyer.

Given the current issues, the researchers propose
implementing speed management through the installation of
signs and markings pertaining to speed control in the
surrounding area [2, 3, 5, 23, 38]. Installation of speed limit
signs with distances adjusted to the driver's visibility. Place
speed limit signs and special warning boards at accident-prone
locations on primary arterial roads. These signs can help

remind drivers to adjust their speed, especially in high-risk
areas and during busy road conditions. Neighborhoods with
high pedestrian activity, like schools, residential areas, or
shopping areas, are designated as low-speed zones.

The Guidelines for the Placement of Road Equipment
Facilities [58] recommend installing speed limit signs with
adjusted positioning and spacing in areas with educational,
commercial and residential land use. Table 15 details the signs
used in vehicle speed management based on land use.

Kurniastuti et al. [3] suggest the use of speed management
systems to enhance driving safety. These systems include
speed limit signs positioned within the driver’s line of sight.
Similarly, Andini et al. [2] emphasize that the most effective
method of speed management is the installation of speed limit
signs. Zheng et al. [38] argue that using larger traffic signs
with appropriate spacing can help reduce the frequency of
collisions. Properly placed traffic signs, designed in
accordance with the road’s geometric and functional
characteristics, are a fundamental element of road design and
among the most effective measures to improve road safety [9,
17, 59]. Research indicates that speed limit signs repeated at
35-meter intervals are effective in 75% of cases [16].
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Figure 8. Black spot area on the Jalan Raya Anyer

Table 15. Signage requirements based on land use

Speed . . e
Land Uses (km/h) Road Signs Road Sign Positions
>
school safety zone
! - Placed on the outer side of the road shoulder or traffic lane from the
o beginning of the bend to the end of the bend, the distance between each sign
Warning sings is as needed.
- Placed on the side of the road before a dangerous place or section of the road
at a distance of 50 m.
Education 30
Areas

Pedestrian warning signs

along school
safety zone

@

No parking sign

- The prohibition sign should be placed on the side of the road at the

beginning of the road section.

- Placed repetitively at a distance of more than 15 meters, may be equipped

with an additional board stating the specific distance.




B

Pedestrian facility sign
Maximum speed limit order signs

- Placed at the beginning of the instruction, positioned as close as possible to

the starting point of the road section where the directive begins.

if necessary, the placement can be repeated with a minimum distance of 250

meters.

- Placed on the side of the road at the beginning of the road section where the

®

Maximum speed limit order signs

Command sign begins.

- Placed repetitively at a distance of more than 15 meters, may be equipped

with an additional board stating the specific distance.

- Placed on the side of the road at the beginning of the road section where the

Command sign begins.

- Placed repetitively at a distance of more than 15 meters, may be equipped

with an additional board stating the specific distance.

- Placed on the side of the road at the beginning of the road section where the

Commercial 40 .
Areas
Maximum speed limit order signs
Residental
Areas

N
(e}

Command sign begins.

- Placed repetitively at a distance of more than 15 meters, may be equipped

with an additional board stating the specific distance.

Source: [58]

However, Sugiyanto and Malkhamah [25] report that the
implementation of speed limit signs alone is less effective in
reducing vehicle speeds. To improve the effectiveness of
speed limit signs, Murti and Muthohar [60] propose installing
warning lights one meter from the speed limit sign and
warning banners 500 meters from the start of the road section.
To enhance the effectiveness, Jomaa et al. [61] propose an
alternative and more effective approach is the implementation
of a graded speed-limit system, in which speed limits are
gradually reduced over a defined distance. This strategy has
been shown to significantly decrease vehicle speeds, resulting
in better compliance with the intended speed regulations.

In curved sections, Adisthi et al. [46] recommend setting
speed limits based on advisory speeds. Furthermore, Charlton
et al. [23] note that road markings with specific speed limits
can systematically improve speed consistency and driver
compliance. Andini et al. [2] also demonstrate that transverse
road markings can influence driver behavior and contribute to
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reduced vehicle speeds.

Jalan Raya Anyer, identified as a high-risk area for traffic
accidents, spans 19 kilometers. For more effective speed
management, the road has been divided into five segments.
Figure 9 presents details of Segment 1, which is part of the
studied accident-prone area.

Traffic signs, when placed in accordance with the road’s
geometric and functional characteristics, are a crucial element
of road design and among the most effective measures for
enhancing road safety. According to the Ministry of
Transportation of the Republic of Indonesia (2014), bend
warning signs should be installed 150 meters before the curve,
with a minimum of three repetitions prior to the bend. If the
bend curves to the left, the direction sign should be placed on
the right side of the traffic direction. Conversely, if the bend
curves to the right, the sign should be placed on the left side of
the traffic direction. Further details of Segments 2, 3, 4, and 5
are presented in Figures 10-13, respectively.

Figure 9. Proposed installation of speed limit signs on Segment 1 of Jalan Raya Anyer
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Figure 12. Proposed installation of speed limit signs on Segment 4 of Jalan Raya Anyer
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Figure 13. Proposed installation of speed limit signs on
Segment 5 of Jalan Raya Anyer

Traditional speed limit signs often fail to significantly
reduce vehicle speeds. For example, research conducted by
Mu et al. [62] found that vehicles continued to travel well
above the posted speed limits even after passing speed limit
signs. Although speed limit signs (e.g., 100 km/h and 80 km/h)
influenced some drivers’ speed choices, the overall effect was
minimal, with many drivers still exceeding the limits.

A more effective approach involves implementing a graded
speed-limit system, where speed limits are reduced gradually.
This method has been shown to significantly lower vehicle
speeds, aligning them more closely with the posted limits.
Additionally, Vehicle-Activated Signs (VAS)—which are
triggered when a vehicle exceeds a set speed threshold—have
demonstrated high effectiveness. For instance, a pilot program
in Devon reported that VAS led to greater reductions in
vehicle speeds than traditional static signs [61]. Driver
Feedback Signs (DFS), which provide real-time feedback to
drivers about their speed, have also proven successful. A study
in Edmonton, Canada, found that DFS reduced the incidence
of severe speed-related collisions by 32.5% to 44.9%, making
it a cost-effective safety intervention [63]. Moreover,
Intelligent Speed Assist (ISA) systems, which use speed sign
recognition cameras, can significantly improve compliance
with speed limits and reduce speed-related fatalities and
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injuries. However, the effectiveness of ISA depends on the
consistent presence and visibility of speed limit signs [64].

The effectiveness of traffic signs also varies depending on
driver characteristics, such as age, gender, and educational
background [65]. Understanding these differences is essential
for designing more effective and inclusive signage.
Furthermore, traffic signs must remain visible and easily
comprehensible under diverse environmental conditions.
Advanced detection technologies, such as those employing the
YOLOVS algorithm, can aid in real-time traffic sign detection
and classification, thereby improving effectiveness in adverse
conditions [51].

5. CONCLUSIONS

The analysis results indicate a significant relationship
between vehicle speed and accident risk. The higher the
vehicle speed, the greater the potential for accidents with
higher levels of fatality. This demonstrates that controlling
vehicle speed is an essential factor in reducing traffic accidents
on roads. The majority of road users adopt the 85th percentile
speed. In cases where the 85th percentile speed is high, it
indicates that many drivers exceed the safe speed limit,
increasing the risk of accidents. Therefore, setting an
appropriate speed limit and regulating vehicle speed around
the 85th percentile can help reduce accident potential. Speed
differences between vehicles can also increase accident risk,
particularly if some vehicles are traveling significantly faster
or slower than the average speed. Thus, maintaining speed
uniformity on highways can reduce conflicts between vehicles
and lower accident risk.

This study supports the importance of consistent monitoring
and law enforcement speed limits. The use of tools such as
speed enforcement cameras or speed guns, along with
enforcing fines for speed violations, can help control vehicle
speed and enhance driver discipline. Based on the vehicle
speed data for the road segment studied, recommendations for
speed limits need to consider the speed percentile analysis
results and existing safety standards. Setting speed limits that
align with road characteristics and the speed patterns of road
users can minimize accident risk.

Combining speed limit signs with automated speed
enforcement systems can further enhance compliance. These
systems have been shown to reduce illegal speeding behavior
and improve overall road safety. While traditional speed limit
signs alone may not be sufficient to control vehicle speeds
effectively, enhanced measures such as grading speed limits,
vehicle-activated signs, and driver feedback signs show
significant promise. Technological advancements like
automated enforcement and intelligent speed assist systems
further bolster the effectiveness of traffic signs in improving
road safety and controlling speeds. By integrating these
findings, transportation agencies can develop more effective
strategies to enhance road safety and ensure better compliance
with speed limits.

This conclusion also emphasizes the importance of
educating road users about the dangers of high speed and the
benefits of complying with speed limits. Safety campaigns and
safe driving training can increase driver awareness of the
importance of maintaining a safe speed for collective safety.
This study shows that speed regulation and monitoring are
crucial steps in efforts to improve road safety. These steps
include implementing appropriate speed limits, consistent law



enforcement, enhancing safety education, and supporting

speed monitoring technology. By

implementing these

recommendations, it is hoped that a safer traffic environment
can be achieved.
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