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Abstract

Speed management plays a vital role in ensuring traffic safety on urban roads, especially on high-volume collector roads. Jalan Ir. H.
Juanda, a Type 4/2T primary collector road in Tegal Regency, was observed to lack sufficient speed control infrastructure despite its dense
activity centers such as schools and sports venues. The purpose of this study is to evaluate vehicle speed characteristics and assess
conformity with the Ministerial Regulation PM 111/2015 on speed limits. Data were collected through traffic volume surveys, speed
measurements using Smart Speed software, and road inventory observations. The results show an average speed of 48.5 km/h, while the
85th percentile (P85) speeds reached 69 km/h for motorcycles, 54 km/h for cars, and 51 km/h for medium vehicles—indicating that a
significant portion of drivers exceed the recommended limits of 40—50 km/h. The calculated free-flow speed was 56 km/h, confirming the
road’s capacity to support higher speeds under unimpeded conditions. These findings highlight the potential risk of accidents due to
speeding, particularly in pedestrian-prone zones. To address this, the study recommends installing speed limit signs, rumble strips, APILL
(warning lights), and zebra crossings at critical points. Strengthened law enforcement and educational campaigns are also necessary to
cultivate safer driving behavior. This research provides actionable insights for local traffic authorities in designing safer urban
road environments.
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1. Introduction

Vehicle speed is one of the important factors that need to be managed properly in urban areas. When vehicles drive too fast without proper
control, the risk of traffic accidents increases, especially on roads that are congested with vehicles and lack of safety facilities. Conditions
like this are a real challenge for transportation managers in creating a safe and orderly road environment for all users. Transportation has
become an important thing in human life, especially in shortening important things in human life, especially in shortening the time to reach
a place. Not only to streamline the time of moving people, but it also helps in moving goods [1]. As a major connecting road with high
traffic flows, this section requires an effective speed management approach to improve traffic safety and efficiency [2]. Traffic safety in
the city is highly dependent on vehicle speed management.

With the increasing number of vehicles and community activities in Tegal Regency, road infrastructure is under greater pressure, especially
on main roads such as Jalan Ir. H. Juanda. These roads are very important because they are designed to transport multiple vehicles and
connect users from arterial roads to local roads. However, issues such as decreased safety often arise due to the greater amount of traffic.
The behavior of the vehicle on the road is one of the factors that affect this. Speed evaluation on primary collector roads is very important,
because uncontrolled vehicle speeds can increase the risk of traffic accidents and reduce the quality of road services. Based on the 2023
Indonesian Road Capacity Guidelines (PKJI), the analysis of travel speed (VT) and degree of saturation (DJ) is the main indicator in
assessing the performance of a road section, especially for divided road types such as 4/2T [3].

Jalan Ir. H. Juanda has a high volume of vehicles and vehicle flow. Since there are offices, shops, and sports venues along the road, many
vehicles congregate there. In addition to planning, volume, speed, and traffic density are used to evaluate roads. This road has a straight
road without speed limit signs, so motorists tend to drive at high speeds, which decreases the comfort of other road users and increases the
risk of accidents, especially when there is a conflict between vehicles or interactions with vulnerable road users such as pedestrians and
cyclists.

By conducting traffic volume surveys, vehicle speed measurements and road inventory, this study is expected to make a real contribution
to improving the safety and security of drivers. Therefore, it is important to evaluate the operational speed on the road section to find out
the extent of the actual speed that occurs in the field and whether it is still in accordance with the function of the primary collector road as
stipulated in the 2023 PKJI.
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2. Research Methods

2.1. Research Location

This research was carried out on the Ir. H. Juanda Road Section, Tegal Regency, which has the status of a city road with a 4/2T road type
and has a length of 950 meters and a width of 16 meters. The map of the research location is as follows:
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Fig. 1: Research Location Map
2.2. Traffic Volume

Traffic volume data is collected through a traffic survey, which counts vehicles based on the type of vehicle passing through the Ir. H.
Juanda Road Section. This data collection was carried out on Friday, June 20, 2025, for six hours in the morning, afternoon and evening
hours. According to Government Regulation No. 34 of 2006, primary collector roads are an important part of the road network that serves
to connect regional activity centers with local activity centers and serve collector and divider transportation with a certain speed and volume
of traffic. According to Government Regulation No. 34 of 2006, primary collector roads must meet technical requirements such as a
minimum planned speed of 40 km/h and a minimum road body width of 9 meters [4];[5].

2.3. Vehicle Speed

Vehicle speed data was obtained from several analyses, including the free-flow speed analysis used by PKJI and a real-time survey in the
field using Smart Speed software at a certain distance. Distribution velocity analysis includes vehicle velocity in different time intervals,
measured under normal traffic conditions. Furthermore, the average speed and 85th percentile speed will be calculated from the data
collected. The 85th percentile speed is often used as the basis for determining a safe speed limit (speed limit) on a particular section of
road. In the context of speed evaluation, the Decree of the Minister of Public Works No. 14 of 2006 and the Regulation of the Minister of
Public Works No. 19 of 2011 regulate the speed and capacity standards of primary collector roads, which are referred to in the In-donesian
Road Capacity Regulation (PKJI). PKIJI sets the speed of cars on the 2/2-TT road type at around 65 km/h, with adjustments based on field
conditions such as road width and side obstacles [6].

2.4. Road Inventory

In free flow velocity analysis, road inventory data includes geometric data of roads, road facilities, traffic, environmental conditions, and
data measured directly. The effective width of the road and the level of side resistance are used to calculate the free flow speed correction
value obtained from direct observation. To ensure that the speed of the vehicle is within safe and efficient limits, the road speed evaluation
of the primary collector type 4/2T usually refers to the PKJI standard. In addition, the actual speed on the road is greatly influenced by the
physical components of the road, such as the width of the road body, surface conditions, and intersection settings. Research in various
locations shows that the adjustment and improvement of road infrastructure, as well as the enforcement of traffic rules, are indispensable
to support the smooth and safety of primary collector roads [9].

2.5. Sampling Technique

The study uses sampling techniques to sample vehicles at specific time intervals on a regular basis to obtain accurate results of vehicle
speed conditions in the field. To ensure that the data collected is sufficiently representative of the population of the traffic flow, which will
then be used to collect velocity data using the Slovin formula a method of evaluating the effectiveness of signs using the N-Gain Score,
which categorizes effectiveness based on changes in vehicle speed before and after passing the speed limit sign [7]. The evaluation of the
performance of the primary collector road also needs to consider the level of service (Level of Service / LoS) and the degree of saturation
(Degree of Saturation / DS). Morolu Malluluang et al. (2021) stated that primary collector roads with a DS greater than 0.85 indicate almost
saturated road conditions and need to be handled to avoid congestion and significant speed decreases [8].
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n=N/(1+N*e?)

Where:
n: is the required sample size.
N: is a measure of the population.
e: is the desired level of error or margin of error (usually expressed in decimal form, e.g. 0.01 to 1%).

2.6 Free Current Speed Analysis Based

According to PKJI 2023, road inventory formulas and data can be used to find free flow speeds. To begin, vsp is calculated based on the
type of roadway. Then, vpL is calculated based on the width of the lane or lane based on the type of road. Furthermore, the FVprs is
calculated based on the level of side resistance and whether there are sidewalks or cracks on the road. Finally, FVsuk is calculated based
on the size of the city.

2.7 85th Percentile Analysis

The 85th percentile method was used to analyze vehicle speed in this study. 85% of the vehicles observed were moving at the same or
lower speeds, and the other 15% were moving faster. These two values indicate a common and safe speed for the majority of riders. The
85th percentile value is calculated by the cumulative frequency-based interpolation method, which is carried out according to the following
formula:

P85 =Tv+ (0,85n - F/f)p
Where:
P85 : 85th percentile speed (km/h),
Ts : Lower limit of interval class,
: Total number of vehicles,
: Cumulative frequency before the 85th percentile,

: 85th percentile class frequency,
: Class interval width

= h B

3. Results and Discussion

3.1. Traffic Volume

Table 1: 6-hour traffic volume

Vehicle type Volume total
Motorbike 6071
Cars 2465
Medium vehicles 65
Non-motorized vehicles 13
Total 8614

From the results of the survey and data processing table 1, it was obtained that the total traffic volume on the Ir. H. Juanda Road section
on Friday for 6 hours was 8,614 vehicles. The highest volume is motorcycles with 6.071. This figure shows that the dominant people use
motorcycles to carry out activities all day on the Ir. H. Juanda road.

Table 2: Peak hours

TIME ‘ VOLUME Peak hours
07.00 - 08.00 1364
08.00 - 09.00 1513 Peak Hours
11.00 - 12.00 1287
12.00 - 13.00 1504 Peak Hours
15.00 - 16.00 1453
16.00 - 17.00 1510 Peak Hours

Table 2 shows that there are three main peak hour periods that reflect the daily movement pattern of vehicles, according to the results of a
traffic volume survey conducted on Jalan Ir. H. Juanda, Tegal Regency. The morning peak occurred at 08.00 WIB, with 1,513 vehicles per
hour, showing the high mobility of people to work and economic activities. The peak of the afternoon occurred at 12.00 WIB, with 1,504
vehicles per hour, mostly due to rest activities, work shift changes, and private vehicle and public transportation traffic. The peak in the
afternoon occurred at 17.00 WIB, with private vehicle traffic and public transportation.
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3.2. Average Speed Results

Table 3: Average Speed

Vehicle type | Average speed (km/h)
Motorbike 55,95
Cars 46,17
Medium vehicles 43,39
Average total 48,50

Overall, the average speed of all vehicles on the observed road section was 48.50 km/h, according to table 3 of the results of the field
survey, which was sampled from 98 motorcycles, 96 cars, and 39 medium vehicles. The average speed of a motorcycle is 55,95 km/h, a
cars is 46,17 km/h and a medium vehicle is 43,39 km/h.

3.3. Analysis of free-flow

The results of the road inventory survey show that Jalan MT Haryono is a 4/2 type of road divided with an effective lane width of 4 meters,
the distance to the reb to the nearest barrier of 2 meters, and moderate side obstacles around the road. The following calculation uses an
analysis of the average free flow velocity of all vehicles from the data.

Table 4: Free Flow Speed Results

F C t
Vo Vi FVaus FVaux reesp g
61 -4 0.984 1 56

Table 4 shows the free-flow speed on the Type 4/2T Primary Collector Road with a Vep of 61 km/h and a VsL of -4 km/h. The
adjustment factor of the side resistance facing FVaus is 0.984, and the adjustment factor of the side obstacle in the direction of FVpuk is
1. Based on the formula in PKJI 2023, the free flow speed can be calculated by multiplying the basic value of the VL free speed that has
been adjusted for these factors. The result is a free-flow speed of 56 km/h, which indicates that the vehicle can move in unimpeded
conditions at limits appropriate for the primary collector road type.

3.4. Analysis 85th percentile

The 85th percentile (pss) speed analysis was obtained through the processing of data from instantaneous speed surveys that have been
grouped into several speed ranges. Furthermore, the data is compiled in the form of frequency distribution and cumulative frequency to
facilitate the determination of the velocity position at the 85th percentile. This value is calculated to determine the speed limit exceeded by
the fastest 15% of vehicles, which is generally used as the basis for determining operational speeds. More information about the speed
distribution and the results of the pss calculation can be seen in table 5.

Analysis 85th Percentile Motorcycle
Table 5: Distribution Table Results

Interval Frekuensi (f) Frekuensi
kumulatif
(fk)
32 - 38 2 2
39 - 45 11 13
46 - 52 24 37
53 - 59 25 62
60 - 66 16 78
67 - 73 17 95
74 - 80 1 96
81 - 88 2 98

The following calculation is to find the 85th percentile of motorcycles.

Table 6: 85th Percentile Results
Location of the 85th percentile

LOCATION 84
fk 78
fi 17
th 67
P 7
n 98

Pys 69
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From the results of the calculations, the 85th percentile speed was obtained at 69 km/h. The distribution of data in the graph can be seen in
the following figure.

2 59 73
Kecepatan Km/Jam

Fig. 2: 85th Percentile Graph

When viewed based on the picture 2 The 85th percentile of motorcycles is located at a speed of 67 km/h. A percentile value of 85 is taken
based on the calculation, which is 69 km/h because the calculation method is considered more accurate. It indicates that 85% of
motorcyclists who pass on the Ir. H. Juanda road have speeds of up to 69 km/h, while 15% of other motorists have speeds above 69 km/h.

Analysis 85th Percentile Of Cars

Table 7: Distribution Table Results
Location of the 85th percentile

LOCATION 82
fk 79

fi 9

tb 52

P 8

n 96

Pgs 54

The following calculation is to find the 85th percentile of cars.

Table 8: Distribution Table Results

Interval Frekuensi Frekuensi
® kumulatif
(fk)

35 - 42 32 32
43 - 50 43 75
51 - 58 11 86
59 - 66 9 95
67 - 74 0 95
75 - 82 0 95
83 - 90 0 95
91 - 98 1 96

From the results of the calculations, the 85th percentile speed was 54 km/h. The distribution of data in the graph can be seen in the following
figure.

Fig. 3: 85th Percentile Graph
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When viewed based on the picture 3 The 85th percentile of cars is located at a speed of 57 km/h. A percentile value of 85 is taken based
on the calculation, which is 54 km/h because the calculation method is considered more accurate. It indicates that 85% of motorcyclists
who pass on the Ir. H. Juanda road have speeds of up to 54 km/h, while 15 % of other motorists have speeds above 54 km/h.

Analysis 85th Percentile Of Medium Vehicles

Table 9: Distribution Table Results

Interval Frekuensi (f) ku};l;?lll(;tei?:;k)

33 - 36 4 4

37 - 40 8 12
41 - 44 11 23
45 - 48 7 30
49 - 52 5 35
53 - 56 3 38
57 - 60 1 39
33 - 36 4 4

The following calculation is looking for the 85th percentile of medium vehicles.

Table 10: Distribution Table Results

Location of the 85th percentile

LOCATION

fk
fi
th

P85

33

23
7
45
4
39
51

From the calculation results, the 85th percentile speed was 51 km/h. The distribution of data in the graph can be seen in the following

figure.

rsentil Data

Fig. 4: 85th Percentile Graph

When viewed based on the picture 4 The 85th percentile of cars is located at a speed of 49 km/h. A percentile value of 85 is taken based
on the calculation, which is 51 km / h because the calculation method is considered more accurate. It indicates that 85% of motorcyclists
who pass on the Ir. H. Juanda road have speeds of up to 51 km/h, while 15% of other motorists have speeds above 51 km/h.

3.5. Speed Analysis Results Comparison

After analysis of the average speed, free current velocity and 85th percentile calculation, a comparison was made between the velocity

results to be used as a further analysis.

Table 11: Speed Comparison

Speed analysis V (km/jam)
Average speed 48,50
Free current speed 56
P85 SM 69
P85 MP 54
P85 KS 51
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From the results of the analysis, it was found that the calculation of the 85th percentile had the highest value, which was 69 km/h, showing
the maximum speed of the majority of motorcyclists on the road. The free flow speed has a value of 56 km / h that the conditions are
unimpeded, the road section is able to support optimal speed. The average speed, which is 48.50 km/h much lower than the free-flow

speed, indicates that the actual road conditions are affected by obstacles on the road section.
3.6. Speed Management Recommendations and Handling

Based on the results of the speed analysis on the Ir. H. Juanda road, recommendations and handling can be applied in the form of:
Speed Limit Setting

The results of the analysis showed that the average vehicle drove 48.50 km/h on Jalan Ir. H. Juanda, with a free flow speed of 56 km/h.
The high P85 value of some types of vehicles indicates that the driver is driving beyond the safe limit, so handling efforts are needed to
control the speed of the vehicle to improve traffic safety. To maintain smooth traftic but reduce the risk of accidents, the maximum speed
limit is recommended at 40 km/h, slightly below the P85 value.

Furthermore, the installation of speed limit signs strategically is very important, especially in locations with high activity such as near
sports venues, schools, and intersections. Law enforcement also needs to be implemented through periodic patrols or the installation of
speed cameras at points prone to violations. In addition, to naturally slow down vehicles on certain sections of the road, you can make road
geometric changes such as installing chicane, rumble strips, or speed tables.

Speed Reliance Facility

To improve safety on this road, it is recommended to add speed limit signs at the beginning of the road section and in strategic locations
add warning signs such as many pedestrians and reduce speed such as in areas that are often used for exercise. It is hoped that information
on signs, such as zebra crosses, in the appropriate places to make it clearer for drivers, will improve pedestrian safety and by re-thickening
faded road markings and installing zebra cross markings in locations with many activities such as near sports venues or schools.

Education, Supervision and Law Enforcement

To inform road users of the importance of maintaining a speed that is appropriate to road conditions and the surrounding environment,
especially in highly congested areas. Instead, speed signs and the use of speed-monitoring devices, such as speed cameras, should be used
to increase surveillance. When it comes to traffic patrols and enforcement of speeding violations, law enforcement is essential.

Traffic Management and Engineering Recommendations

From the results of a study conducted on Jalan Ir. H. Juanda, Slawi, Tegal Regency, it was found that many motorists were still driving at
high speeds, especially in areas that were quite densely populated. For this reason, several handling steps are suggested to reduce vehicle
speed and improve the safety of road users. One important step is to install school zone signs so that drivers are more vigilant when crossing
in vulnerable areas, especially around children who often cross. In addition, the maximum speed limit is recommended to be set at 40 km/h,
which is strengthened by the installation of speed limit signs in strategic locations.

In order for drivers to be more aware and automatically reduce speed, it is also recommended to install rumble strips and school safety
zone markings. This facility provides vibrations and visual cues that help the driver to slow down the vehicle's speed naturally. On the
other hand, traffic regulation is strengthened by the installation of warning traffic lights (two-color APILL) as well as warning signs in
intersection areas and accident-prone points. The addition of crossing signs is also important so that pedestrians feel safer when crossing
the road. In addition, to avoid conflicts of vehicles in the opposite direction, the U-turn access at certain points is closed. All of these efforts
are designed as part of a speed management system that aims to create safer, orderly, and more comfortable roads for all users. Figure 5
illustrates the recommended measures that can be implemented on the road segment to support speed control and enhance traffic safety.

2, et s a0 (4
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Fig. 5: Recommendations
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4. Conclusion

This This study evaluated the speed performance and traffic conditions on Jalan Ir. H. Juanda, a Type 4/2T primary collector road in Tegal
Regency, based on traffic volume analysis, speed measurements, and road inventory surveys. The observed total traffic volume over a 6-
hour period reached 8,614 vehicles, dominated by motorcycles (6,071 vehicles), indicating high user dependency on two-wheelers in this
corridor. The average speed recorded was 48.5 km/h, with motorcycles averaging 55.95 km/h, cars at 46.17 km/h, and medium vehicles at
43.39 km/h. The 85th percentile (P85) speeds were found to be 69 km/h for motorcycles, 54 km/h for cars, and 51 km/h for medium
vehicles—indicating that at least 15% of vehicles exceed these values, posing a significant safety concern. Additionally, the calculated
free-flow speed was 56 km/h, which suggests that the road has the geometric capacity to support relatively high speeds under uncongested
conditions. However, when compared to the Indonesian Ministerial Regulation No. PM 111 of 2015, which recommends maximum speeds
of 40 km/h for motorcycles and 50 km/h for four-wheeled vehicles in fast lanes, and 30 km/h for slow lanes, the observed speeds are
significantly higher. This discrepancy highlights the urgent need for speed control interventions, particularly in zones near schools, sports
facilities, and intersections. Based on these findings, several recommendations are proposed: (1) installation of speed limit signs at strategic
points; (2) deployment of physical traffic calming measures such as rumble strips and speed tables; (3) installation of APILL (two-color
warning lights) in accident-prone zones; (4) provision of zebra crossings and school zone markings; and (5) increased law enforcement
and public awareness campaigns. These integrated measures aim to reduce speeding behavior and improve safety for all road users along
urban primary collector roads.
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