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ABSTRACT

Purpose: Gajah Mada Road, Batam Taman Kota area is a primary collector road 1 that has a U-Turn and dense
current if passed by motorists on weekdays in the afternoon. This study aims to analyze road performance due to
the closure and opening of U-Turn access.

Design/methodology/approach: The research method used systematic observation is carried out on Mondays and
Fridays (weekdays when the U-Turn is closed and opens) at 17.15 - 18.00 WIB in MKJI 1997.

Findings: The volume of vehicles and the average speed of vehicles passing when the U-Turn is closed is higher
compared to the U-Turn is opened. Meanwhile, the level of road service (LoS) is classified as good because of
the stable current and normal volume even though the vehicle speed is limited and affected by traffic.

Research limitations/implications: The U-Turn closure policy is believed to be a solution to reducing vehicle
congestion.

Practical implications: Vehicle buildup factors due to U-Turn access are the main factors hampering road
performance.

Originality/value: This paper is an original work.
Paper type: Research papers.
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I. INTRODUCTION

Transportation is a very important means of human survival (Andika et al., 2022). Transportation is the
greatest need of mankind because it is related to the economy, personal travel, trade, fulfillment of needs, and
much more (Garber & Hoel, 2019). The tendency of human beings to often move from one place to another or
mobilize is one of the main factors in the importance of the existence and usefulness of the means of transportation
(Mufhidin et al., 2022). Mobilization is an attempt to move people or some people to carry out an activity by most
individuals themselves (Rogers et al., 2018). Over time, many developing countries in the world such as the
Netherlands, Japan, and Malaysia encourage the need for infrastructure facilities, especially highways (Shahu et
al., 2020). Highways became the most important means of mobilization used by land transport to travel from one
place to its destination. The purpose of building a highway is so that people in an area can mobilize easily.

In Indonesia, the level of population mobilization from year to year has increased significantly. Throughout
2021, Indonesia's population mobility rate was recorded at 6,577,916 times the events of moving and coming to
an area (Directorate General of Population and Civil Registration, 2022). This data proves that Indonesia is one
of the countries with the largest population in the world. The most important factor that becomes the success of
population mobilization is the facilities and facilities used, one of which is the highway. A good highway will
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provide a sense of security and comfort to motorists to get to their destination. However, the increasing population
in Indonesia, has also caused an increase in road users. This is one of the problems due to the volume of highways
that are no longer able to accommodate many vehicles.

One of the regions in Indonesia that has the largest population is Batam City. Batam City is one of the cities
located in the Riau Islands Province and is also one of the industrial cities so its daily industrial activities are quite
dense. It is proven that in 2021, Batam City contributed 63.97% to the Gross Regional Domestic Product of Riau
Islands Province (BP Batam, 2022). One example of industrial activity in Batam City is the mobilization of heavy
vehicles such as trucks. This is one of the obstacles to traffic in Batam City considering that the available road
sections are not enough to accommodate various kinds of vehicles. The volume of vehicles in Batam City will
increase if the effective time works such as departure in the morning and return in the afternoon. This causes road
performance bottlenecks that cannot be avoided every day.

Hampered road performance can be interpreted as a condition when the travel flow on a road is not smooth
or hampered due to various things such as small road sections, heavy vehicles passing by, accident tragedies, and
so on (Albalate & Fageda, 2019). One of the bad points of road performance in Batam City is Gajah Mada Road,
Batam City Park area to the Tiban area. This can happen due to narrow road sections as well as a very large
volume of vehicles. Road performance problems in this area occur because motorists from the Tiban and Baloi’s
directions are very congested so the smooth running of the journey in both directions is hampered. In addition,
one of the factors that cause poor road performance to be unavoidable is the traffic sign policy that applies to the
area.

Traffic signs are a policy of disciplining road users so that traffic flow can run well. Traffic signs are an
important means of communicating with each other, controlling traffic, and safety between drivers (Ben-Bassat
et al., 2019). Classification of traffic signs is indispensable for drivers. One of the success factors in classifying
traffic signs is the visual appearance to make them easy to understand by road users (Serna & Ruichek, 2018).
The existence of traffic signs that should be able to bring order to motorists is one of the factors obstructing road
performance in this area. One of the traffic signs in this area that is the cause of the constraints on the flow of road
performance is the U-Turn. A U-Turn is a traffic sign that allows traffic movement from two opposite directions
(Al-Obaedi, 2019). The existence of U-Turn greatly interferes with the smooth flow of vehicles due to the
congested road so motorists who want to turn around have to wait for space so that they can walk. This is what
causes the rear driver to have to wait so that there is a buildup in the volume of the vehicle.

Therefore, the police as the party responsible for the smooth flow of traffic issued a temporary policy if
congestion occurs in the City Park area. The policy was implemented by closing U-Turn access in the area around
City Park so that no motorists would turn around. This can reduce vehicle buildup due to waiting for motorists to
access the U-Turn. Motorists can reverse directions on the Gajah Mada Road U-Turn. However, the volume of
vehicles in the area is also dense, so this policy reaps pros and cons from some road users. The purpose of this
study is to analyze road performance related to policies imposed on U-Turn access closures and the level of
effectiveness of these policies.

A. Literature Review
1. U-turn

Traffic signs are a policy that is regulated and compiled in such a way as to regulate road users so that road
performance in certain areas can run well. The purpose of traffic signs is to give an overall signal regarding traffic
to road users (Babi¢ et al., 2017). Good traffic signs will provide understanding to motorists to determine the level
of safety of road users. However, the level of safety also depends on the driver driving his vehicle (Kaplan et al.,
2018). The effectiveness of traffic signs is an important role in reducing the number of accidents in population
mobility (Wang et al., 2021).

The traffic sign policy that serves as a lane change for road riders by turning vehicles up to 180 degrees is
called a U-Turn. One of the weaknesses of U-Turn is that road user who wants to detour in their direction receive
a small gap for their movement. So this can cause obstacles to road performance conditions (Pannela & Bhuyan,
2017). The placement of traffic signs greatly affects road performance and traffic management on a road
(Konushin et al., 2021). Improper placement of traffic signs can be a major obstacle to smooth road performance.
The placement he U-Turn policy should be placed on a fairly wide section of the road. This aims to prevent
excessive vehicle buildup (Purnamasari, 2019).

B. Road Performance

The highway became the main medium used to mobilize vehicles from one place to another. The road is
certainly used by a variety of vehicles ranging from two-wheeled vehicles, four-wheeled vehicles, and even heavy
vehicles (Science, 2018). One of the factors that factor in the good and smooth performance of the road in certain
areas is the volume and type of vehicles passing by (He et al., 2020). In addition, it must also be adjusted to the
time, the volume of road sections, and traffic sign policies (Rao et al., 2017). Smooth and good road performance
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will greatly determine the welfare of road users. Good road performance will certainly provide a sense of security
and comfort for motorists (Albalate & Fageda, 2019).

Road performance can be interpreted as how road conditions work for road users with some of their
parameters. Parameters related to road performance are road sections and road flows. The problem of road
performance bottlenecks must be something that must be considered by various parties. Another potential that
will be problem with road performance is the increasing number of residents which will increase the number of
vehicle owners so that the number of road users passing by will increase (Agyapong & Ojo, 2018).

C. Traffic Management

Traffic is one of the basic needs needed by humans because they tend to move from one place to another to
meet their needs (Javed et al., 2020). Good traffic, of course, must have good management as well. This is one of
the factors for the high number of accidents and deaths on the road (Soehodho, 2017). According to the Regulation
of the Minister of Transportation of the Republic of Indonesia KM 14 of 2006, traffic management and
engineering is an optimization activity in the use of the entire road network that aims to improve safety, create
order, and smooth traffic flow.

Traffic management is one of the factors that can determine the success of motorists in using the road. Traffic
cannot be used in the absence of clear management governing and binding road users (Blagojevi¢ et al., 2021).
Traffic management policies have certainly been considered with road conditions for their application to be
effective. Traffic management at a location is very necessary because it concerns the effectiveness and time
efficiency of road users. Therefore, traffic management policies include setup, installation, procurement, and
planning. This policy certainly aims to provide safety, security, order, and smooth traffic flow in a certain area
(Rehena & Janssen, 2018).

1. METHODS

This research uses quantitative methods and systematic observations in the field for data collection based on
the MKJI 1997. Data is one of the main strengths in compiling scientific research and modeling (Rifai et al.,
2015). Data and information collection is carried out on Gajah Mada Road, Batam City Park area on Mondays
and Fridays (weekdays when the U-Turn is closed and opened) at 17.15 - 18.00 WIB by identifying road
performance to obtain the required parameter data. The process of systematic scientific research must begin with
the identification of appropriate problems (Rifai et al., 2016).

Figure 1 - Research Location on Gajah Mada Road, Batam (Google Earth, 2022)

Information that has been obtained from a case study on Gajah Mada Road, Batam, Taman Kota area will
be used as a source of data regarding the consequences caused by the U-Turn access closure policy. The policy
will also review the level of road service (LoS). In addition, the data obtained, will be studied whether the policy
is the right step in reducing the level of vehicle density. Several parameters are used as a reference in obtaining
data to draw the following conclusions.

The calculation of vehicle volume is carried out on weekdays, namely Monday (when the U-Turn is closed)
and Friday (when the U-Turn is opened) at the same time at 17.15 - 18.00 WIB. Vehicle type data analyzed in
traffic volume calculations include motorcycle (MC), light vehicle (LV), and heavy vehicle (HV). Data analysis
was also carried out by calculating vehicles passing from the direction of Baloi towards Tiban and Tiban towards
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Baloi. According to the Presidential Regulation of the Republic of Indonesia Number 87 of 2011 concerning the
Spatial Plan for the Batam, Bintan, and Karimun Areas in Article 22 Paragraph (2) states that Gajah Mada Road,
Batam is a primary collector road 1 or a road that connects the national activity center with the center of local
activities and/or regional activities or between regional activities and local activities.

Figure 2 - Closure of U-Turn Gajah Mada Road, Batam (Observation Results, 2022)

Road capacity is a measure used to accommodate the adequacy and quality of the level of road service
(Directorate General of Highways, 1997). The analysis of road capacity in Gajah Mada, Batam is guided by the
1997 MKJI which aims to assess and draw conclusions on the road in accommodating the capacity of passing
vehicles. Considering Jalan Gajah Mada, Batam City Park area is often traversed by motorists because it connects
the Tiban area where the majority of people live in the area. Road capacity can also be one of the parameters that
is an assessment of the policy of the effect of U-Turn access closures on this area.

The calculation of the degree of saturation (DS) aims to see the ratio of the accuracy of certain roads traveled
by vehicles (Directorate General of Highways, 1997). According to the 1997 MKJI guidelines, these data are used
to determine the level of performance of intersections and road segments. The value of the degree of saturation is
closely related to the level of road service (LoS). Road service level (LoS) is a measure used in the 1985 US-
HCM to view and assess speed, travel time, freedom of movement, traffic interruptions, comfort, and safety (
Directorate General of Highways, 1997). From this data, of course, it will be known regarding the level of
effectiveness of the effect of U-Turn closure because it is an indispensable parameter to draw conclusions.

»ay//

Figure 3 - Opening of U-Turn Gajah Mada Road, Batam (Observation Results, 2022)

In addition to some of the parameters above, there are several other parameters that can be one of the
assessments of the U-Turn access closure policy research, namely speed. Free current speed (FV) can be
interpreted as the speed of a road user if driving a light vehicle without being influenced by other motorists
(Directorate General of Highways, 1997). This data will be a comparison between the speed that a passing vehicle
has when the U-Turn access is closed and opened. The effectiveness of this policy can also be measured from the
speed of passing vehicles by looking at data on the average speed of vehicles of various types such as two-wheeled
vehicles (MC), four-wheeled vehicles (LV), and more than four-wheeled vehicles (HV) when U-Turn access is
closed and opened.
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I11. RESULTS AND DISCUSSION

The data obtained in systematic observations on Gajah Mada Road, Batam in the Taman Kota area on
Mondays and Fridays (weekdays when the U-Turn is closed and opened) at 17.15 - 18.00 WIB is processed based
on the MKJI 1997. Some of the parameters studied include the following.

A. Traffic Volume

Traffic volume was found in data from the number of vehicles passing on Gajah Mada Road, Batam, Taman
Kota area. The type of road contained in the case study is four lanes divided into 2 directions (4/2 D) with the
total current in both directions exceeding 1800 vehicles per hour based on table 1 so that the vehicle equivalent
factor according to the MKJI 1997 document is classified as a motorcycle (MC) = 0.25; light vehicle (LV) = 1.0;
and heavy vehicle (HV) = 1.2.

Table 1 - Traffic volume when the U-Turn is closed (Source: Observation Results, 2022)

Baloi’s direction toward Tiban

Type
Time
MC LV HV
17.15-17.30 1059 459 5
17.30 - 17.45 841 464 13
17.45 - 18.00 811 453 6
Total 2711 1376 24
smp/hour 677,75 1376 28,8
Total smp/hour 2082,55
Tiban direction toward Baloi
Type
Time
MC LV HV
17.15-17.30 328 167 12
17.30-17.45 321 159 9
17.45 - 18.00 341 189 14
Total 990 515 35
smp/hour 2475 515 42
Total smp/hour 804,5
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When viewed from table 1, it can be seen that the number of motorcyclists (MC) who pass is quite high at
17.15 - 17.30 WIB while for the high number of light vehicle riders (LV) and heavy vehicles (HV) passing by
occurs at 17.30 - 18.00 WIB. To compare with the degree of effectiveness of road performance can be compared
with table 2 on the data of vehicles passing by at the time the U-Turn was opened as follows.

Table 2 - Traffic volume when the U-Turn is opened (Source: Observation Results, 2022)

Baloi direction toward Tiban

Type
Time
MC LV HV
17.15-17.30 887 405 4
17.30- 17.45 602 407 9
17.45 - 18.00 665 318 11
Total 2154 1130 24
smp/hour 538,5 1130 28,8
Total smp/hour 1697,3
Tiban direction toward Baloi
Type
Time
MC LV HV
17.15-17.30 288 170 8
17.30-17.45 297 188 5
17.45 - 18.00 304 169 3
Total 889 527 16
smp/hour 222,25 527 19,2
Total smp/hour 768,45

Based on table 2 of the data obtained from the results of research on the volume of roads when the U-Turn
opened, among others, the number of motorcyclists (MC) passing by at 17.15 - 17.30 WIB was relatively high
compared to other part-time. For light vehicles (LV) and heavy vehicles (HV), the high number of motorists
passing by occurred at 17.30 - 18.00 WIB. This is fairly constant with the data obtained in table 1. However,
there is a very significant data difference because the volume of vehicles passing by when the U-Turn is closed is
higher than the volume of vehicles when the U-Turn is opened.
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B. Road Capacity
Road capacity is a parameter that serves to determine the level of road service to accommodate the volume
of vehicles. There are several equations for calculating the road capacity as follows.
C=4xCoxFCwx FCsp X FCSF X FCcs (1)

The value of C is multiplied by 4 because it has 4 lanes from 2 different directions. The base capacity
value (Co) according to the MKJI 1997 guidelines table C-1:1 pages 5-50 at 1650 due to 4/2D type roads. The
traffic width adjustment factor (FCw) according to the MKJI 1997 guidelines table C-2:1 pages 5-51 is 1.00 due
to the 4/2D type road with a width per lane of 3.5 meters. The directional separation adjustment factor (FCsp)
according to the MKJI 1997 guidelines table C-3:1 pages 5-52 is 1.00 because the 2-way road is divided by 50%-
50%. The side resistance adjustment factor (FCsry according to the MKJI 1997 guidelines table C-4:1 pages 5-54
is 0.93 because the class of side resistance in the case study is classified as medium. The city size capacity factor
(FCcs) according to the MKJI 1997 guidelines table C-5:1 pages 5-55 is 0.93 because according to data from the
Central Statistics Agency in 2022, Batam has around 1.196 million so the value of the city size capacity factor is
1.00.

Then the results of the calculation of road capacity using the following expansion 1 can be obtained:
C =4x Co X FCw X FCsp X FCSF X FCcs

=4 x 1650 x 1.00 x 1.00 x 0.93 x 1.00

= 6138 smp/hour

Table 3 - Capacity Analysis of Gajah Mada Road, Batam (Source: Observation Results, 2022)

Direction

Base Capacity Lane Width Separator Side Obstacles Population Capacity
(smp/hour)
CO FCW FCSP FCSF FCCS
4/2D 3.5m 50%-50% Medium 1,0-3,0
6138
1650 1,00 1,00 0,93 1,196

C. Degree of Saturation (DS)
The degree of saturation is a parameter that is calculated as one of the requirements for determining the level
of road service (LoS). As for the calculation, it can be seen in the following equation.
DS=Q/C )
Road volume (Q) is the sum of the traffic volumes of 2 lanes. While capacity (C) is the known capacity
value from equation (1).
The value of the degree of saturation (DS) obtained at the time the U-Turn is closed as follows:
DS =2887.05/ 6138
DS =0.4703
Meanwhile, the value of the degree of saturation (DS) obtained at the time the U-Turn is opened as
follows:
DS =2465.75/ 6138
DS =0.4017

Table 4 - Analysis of Saturation Degree Values (Source: Observation Results, 2022)

Day Time Volume

When U-Turn is closed

Monday 17.15-18.00 2887,05

Degree of Saturation 0,4703
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When U-Turn is opened

Friday 17.15-18.00 2465,75

Degree of Saturation 0,4017

D. Road Service Level

The level of road service (LoS) is an index that determines the good and bad performance of a road. Some
of the parameters used as a reference to determine the type of road performance include road flow, vehicle volume,
and vehicle speed. Guided by the US-HCM 1985 and MKJI 1997, it was found that the level of road service (LoS)
from the research data at the time the U-Turn was closed was in group C because it had a saturation degree (DS)
value of 0.4703. Group C has a stable current with speed influenced by normal traffic and volume. Meanwhile,
the level of road service (LoS) at the time the U-Turn opened was in group B because it had a saturation degree
(DS) value of 0.4017. This means that the level of road service (LoS) when the U-Turn is opened has a stable
current with limited speed and normal volume.

The results of the road service level (LoS) statement were found from previously interconnected parameters,
including the volume of vehicles passing on Jalan Gajah Mada, Batam City Park area which was calculated when
the U-Turn access was opened and closed. Furthermore, this result was determined by the parameters of
calculating road capacity in a case study which showed that Jalan Gajah Mada, Batam could not accommodate
more passing vehicles because the road section was not too wide. In addition, the last parameter that determines
the results of the level of road service (LoS) is the degree of saturation (DS) which is a calculation found using
equation 2 involving the volume and capacity of Jalan Gajah Mada, Batam.

E. Free Current Speed (FV) Analysis of Light Vehicles
The free flow speed (FV) is calculated to be used as a comparison between the average speed of vehicles
passing on Gajah Mada Road, Batam Taman Kota area on Monday and Friday (weekdays when the U-Turn is
closed and opened) at 17.15 - 18.00 WIB. The equation for determining the speed of the free current is as follows:
FV = (FVO+FVW) X FFVse X FFVcs (3)

The basic free flow speed of the vehicle on the observed road is classified as 4/2D so the FVo value
according to the MKJI 1997 Guidelines Table B-1.1 Pages 5-44 is 57 km/h. The speed adjustment for the road
width (km/h) reviewed 4/2D is 3.5 meters so the FVw value according to the MKJI 1997 guidelines table B-2.1
pages 5-45 is 0. The adjustment factor for side resistance and shoulder width or barrier curb distance is 1 meter
with moderate resistance class so that the FFVse value according to MKJI 1997 Table B-3.1 Pages 5-46 is 0.95.
The speed adjustment factor (FFVcs) for Batam City according to data from the Central Statistics Agency in 2020
ranges from 1.196 million people based on MKJI 1997 table B-4.1 pages 5-48, the value is 1.00.

Then the results of the calculation of the free current speed (FV) can be obtained using equation 3 as follows:
FV= (Fvo + FVw) X FFVse X FFVcs

=(57+35)x095x1

= 57.475 km/h

Table 5 - Free Current (FV) Speed Analysis (Source: Observation Results, 2022)

FVo FVw FFVse FFVcs FV

57 0 0,95 1 57,475

F. Vehicle Speed

The calculation of the speed of passing vehicles is aimed at analyzing the effect of U-Turn access closure
with benchmarking when U-Turn access is opened. This of course will appear different because when the U-Turn
is closed there are no vehicles waiting so there is no buildup. Unlike when the U-Turn is opened, there will be a
vehicle that will rotate through the U-Turn so that there is a buildup of vehicles when taking turns to rotate. The
distance used to measure the speed of the vehicle speed is a range of 10 meters and time measurement using a
stopwatch.

The average speed equation of passing vehicles is as follows:

V=L/TT 4)
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Speed (L) is a speed value with a unit of meters per second owned by the vehicle at the time of passing.
While the vehicle travel time (TT) is the value of time with second units owned by passing vehicles.

Table 6 - Vehicle Speed Calculation (Source: Observation Results, 2022)

Lowest Speed Top Speed
L Average
Day Direction (km/h)
Time km/h Time km/h
Monday Tiban 29,65 48,55 39,1
17.15-17.45 17.45-18.00
(U-Turn closed) Baloi 28,17 45,94 37,055
Friday Tiban 17,33 32,12 24,725
. 17.15-17.45 17.45-18.00
Baloi 19,34 33,54 26,44

(U-Turn opened)

In calculating the average speed of vehicles, only a few samples of motorcycle (MC), light vehicle (LV),
and heavy vehicle (HV) were taken. The data obtained from the analysis using meters per second is then converted
into a basic unit of speed, namely km/h to obtain the average speed results of the vehicle. The result of the data
obtained is that the average vehicle speed is higher when the U-Turn access is closed than when the U-Turn access
is opened.

IV. CONCLUSION

From the data obtained, the U-Turn closure occurred at 17.15 - 17.30 WIB on Monday and there was no
U-Turn closing on Friday. Using the MKJI 1997, it can be concluded that the results include based on tables 1
and 2, heavy traffic flow occurs in the direction of Baloi towards Tiban. There is a difference that occurs because
the volume of vehicles passing when the U-Turn is closed is higher than when the U-Turn is opened. The road
capacity value is 6138 smp / hour and the degree of saturation obtained from the calculation using formula (2) is
0.4703 (when the U-Turn is closed) and 0.4017 (when the U-Turn is opened). Thus, the level of road service (LoS)
from the research data when the U-Turn was closed was in group C, which means that the steady flow at speed is
influenced by normal traffic and volume. Meanwhile, the level of road service (LoS) when the U-Turn is opened
is in group B, which means a stable current with limited speed and normal volume. The free current (FV) speed
value of light vehicles was found to be 57.475 km / h which is a comparison with the average speed data of passing
vehicles. Based on table 8, the average speed value obtained on Monday (when the U-Turn is closed) is higher
than on Friday (when the U-Turn opens). The data obtained proves that the U-Turn access closure policy has had
a positive effect on the smooth performance of Gajah Mada Road, Batam, Taman Kota area. This is certainly an
alternative to reduce the density of vehicles considering the capacity of the road that cannot accommaodate the
high volume of vehicles.
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