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ABSTRACT

One of the types of intersections is the type of unsignalized intersection, the unsignalized .

intersection which is on JI. Raya Bogor-Sukabumi, JI. Siliwangi- cibolang, JI. Independence et

pioneer. is the intersection of three arms. This study aims to determine the value of cur/hour updates

and the performance of unsignalized intersections

at the intersection. This research method is a field survey, which is carried out by researching KEYWORDS

directly in the field to obtain the required data. calculation of unsignalized intersection Unsignal Intersection
performance data using the 1997 Indonesian Highway Capacity manual method. Results Degrees of Saturation

the analysis obtained, the value of capacity from seven days of observation obtained a value Delays and Chance of Queues

of....cur/hour, the value of the degree of saturation DJ=....., too high occurred on the day... at
WIB and the value of the delay is

obtained by.... sec/cur. The queue probability value ranges from....% -....%

This is an open-access article under the CC-BY-SA license

1. Introduction

1.1 Background

The increasing number of people every year will result in an increase in the need for
transportation facilities and infrastructure [1] [2]. The increasing population is getting taller to carry
out dense and diverse activities so that it will cause increasingly dense traffic which is often found in
various places at certain times[3]. In urban and rural areas, land transportation is a problem that must
be solved and the most influential when compared to other transportation, because it has a very high
number of conditions [4] [5]. This indicates trying to fulfill the transportation facilities and
infrastructure that meet.

An intersection is something of a road segment where currents from different directions meet
each other [6] [7] [8]. As a result, the intersection often causes problems between currents from
opposite directions that intersect each other, resulting in traffic congestion along the intersection arm
road [9] [10]. To overcome this problem, it is necessary to study or estimate the effect on the
capacity of the intersection. The research and assessment is certainly used to obtain an accurate
work ability regarding the intersection. If the performance of the intersection does not meet the
provisions in the Indonesian Road Capacity Manual (MKJI 1997), it is necessary to have a service
improvement process, so that it is hoped that the service improvement can provide comfort and
safety for road users [11].

The intersection of Jl. Raya Bogor — Sukabumi, JI. Siliwangi — Cibolang, JI. Perintis
Kemerdekaan, is a national road with roads leading to various centers of the City Government or
Sukabumi Regency so that on holidays at certain hours the traffic flow is quite busy. Based on these
circumstances, the intersection of JI. Raya Bogor - Sukabumi, JI. Siliwangi - Cibolang, JI. Perintis
Kemerdekaan needs to get sufficient attention so that the traffic flow can be served properly and of
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course minimizes the occurrence of delays and conflicts in vehicles passing at the intersection so
that users do not feel the loss of time and travel costs.

A. Intersection Capacity

The capacity of the intersection is calculated for the total current that enters from all the
intersections and is defined as the product of the basic capacity (CO) which is the capacity under
ideal conditions, with correction factors that take into account differences in environmental
conditions against ideal conditions [12] [13]. The equation is:

C=CoXFLPXFMxFUKXFHsXFBKiXFBKaX Fij (1)

Where:

C: capacity of the intersection, cur/hour

CO: base capacity of the intersection, cur/hour

FLP: approximation average width correction factor
FM: median type correction factor

FUK: city size correction factor

FHS: side resistance correction factor

FBK:i: left-turn current correction factor

FBKa: right turn current correction factor

It is causing side barriers and the lack of effective width of the road so that it will result in
congestion which affects the performance of the intersection, at certain hours the flow of vehicles is
quite high, causing queues at the intersection. Based on these problems, the authors are interested in
conducting research to analyze the performance of the intersections in the Majene Market and
provide alternative solutions to the problems encountered so that road users can feel smooth and
comfortable.

B. Number of Lanes

The number of lanes used for calculation purposes is determined from the average width of the
minor road approach and the main road that it is shown on Table 1. [14] [15].

Table 1. Number of Lanes

Average Width of Minor and Average Width of the Number of Lanes
Major Approximations Wac, Approach (Total for Both Directions)
WBD
d <55 2
Wgp = (b + E)/Z
>5,5 2
c
Wic = (a+5)/2 <o i
>5,5 2

Source: MKJI, 1997
C. Intersection Type

The type of intersection determines the number of intersection arms and the number of lanes on
the main road and minor road at the intersection with a three-digit code where it can see on Table 2
[16].
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Table 2. Intersection Type
IT Code Number of Number of Minor Number of Mayor
Intersection Arm Roads Roads

322 3 2 2

324 3 2 4

342 3 4 2

422 4 2 2

424 4 2 4

Source: MKJI, 1997
D. Study of Unsignalized Intersection

Intersection performance is a condition at the intersection to determine the level of achievement
of the intersection. Parameters used:

Frmi: current ratio correction factor of minor road

D1. Intersection Base Capacity (Co)

For intersection base capacity, the table 3 provide the information of intersection base capacity.

Table 3. Intersection Base Capacity

IT Code Base Capacity
322 2700
342 2900
324 or 344 3200
422 2900
424 or 444 3400

Source: MKJI, 1997

D2. Approximate width adjustment factor (Fw)

The approximation width adjustment factor (Fw) is obtained based on equation. The input
variable is the average width of all approaches W1 and the type of intersection (IT).

IT 422

Fw=10,70 + 0,0866 x W1

IT 424 or 444

Fw=10,61+0,0740 x W1

IT 322

Fw=10,73 +0,0760 x W1

IT 324 or 344

Fw=0,62 + 0,0646 x W1

@

A3)

“4)

)
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IT 342
Fw = 0,67 + 0,0698 x W1 (6)

D3. Main road median adjustment factor (FM)

Traffic engineering considerations are needed to determine the median factor. The median is
called wide if standard light vehicles can take cover in the median area without disturbing the
departing flow on the main road [17]. This may occur if the median width is 3 m or more. Main road
median adjustment factor (FM) shows on Table 4.

Table 4. Main Road Median Adjustment Factor (FM)

Description Median Type Median Adjustment Factor
No main road median None 1,00
Main road median, Wide 1,05

wide < 3 meters

Main road median, Narrow 1,20
wide > 3 meters
Source: MKJI, 1997

D4. City size adjustment factor (FCS) Adjustment factors for the type of road environment,
side barriers and non-motorised vehicles (FRSU)

The city size adjustment factor can be determined by the number of residents that it can see on
Table 5.

Table 5. City Size Adjustment Factor (FCS)

City Size (CS) Population (millions) Adjustment Factor
Very Small <01 0,82
Small 0,1-0,5 0,88
Medium 0,5-1,0 0,94
Large 1,0-3,0 1,00
Very Large >3,0 1,05

Source: MKJI, 1997

D5. Adjustment factors for the type of road environment, side barriers and non-motorised
vehicles (FRSU)

The input variables to obtain the FRSU value are the type of road environment (RE), to the side
barriers (SF) and the ratio of non-motorized vehicles where Table 6 shows the Adjustment factors
for FRSU.
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Table 6. Adjustment factors for FRSU

Road Side Resistance Non-motorized vehicle ratio (Pym)
ET%?EEE? Class (s1) 000 | 005 | 0,40 | 015 | 020 | =025
(RE)
Commercial High 0,93 0,88 0,84 0,79 0,74 0,70
Medium 0,94 0,89 0,85 0,80 0,75 0,70
Low 0,95 0,90 0,86 0,81 0,76 0,71
Residential High 0,96 0,91 0,86 0,82 0,77 0,72
Medium 0,97 0,92 0,87 0,82 0,77 0,73
Low 0,98 0,93 0,88 0,83 0,78 0,74
Limited High/Medium/Low | 1,00 0,95 0,90 0,85 0,80 0,75
Access

Source: MKJI, 1997
E. Left-turn adjustment factor (FLT)

FLT = 0,84 4+ 1,61 X PLT 7)

Where :

PLT= left turn vehicle ratio (QLT/QTOT)

QLT = total current turn left (pcu/hour)

QTOT = total motorized vehicle traffic at the intersection (pcu/hour)
F. Right-turn adjustment factor (FRT)

Right turn adjustment factor at intersection with 4 arms.

FRT= 1.0. The right turn adjustment factor at the intersection with 3 arms is calculated using the
equation.

FRT = 1,0 — 0,922 X PRT (8)

Where :

PRT=right turn vehicle ratio (QLT/QTOT)

QLT = total current turn right (pcu/hour)

QTOT = total motorized vehicle traffic at the intersection (pcu/hour)
G. Minor road ratio adjustment factor (FMI)

FMI is the basic capacity adjustment factor due to the minor road current ratio. Table 7 shows the
Minor road ratio adjustment factor (FMI).
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lT F!\.-ll PMI
422 1,19 x Pyg— 1,19 x Pyt 1,19 0,1-09
424 | 16,6 x Py — 33,3 x Pyir+ 1,19 x Pyr— 8,6 x Py + 1,95 | 0,1-0,3
444 1,11 x Pyyy— 1,11 % Pyt 1,11 0,3-0,9
3 1,19  Pyg— 1,19 x Pyt 1,19 0,1-0.,5
-0,595 x Py~ + 0,595 x Pyr + 0,74 0,5-0,9
1,19 x Pyyy— 1,19 x Pyt 1,19 0,1-0.,5
342 ,,
2,38 x Pyy— 2,38 x Pyt 1,49 0,5-09
3 16,6 % Py — 33,3 x Py + 25,3 x Py— 8,6 x Py + 1,95 | 0,1-0,3
1,11 x Pyr— 1,11 % Pyr+ 1,11 03-0,5
344 _ i .
-0,555 x Py + 0,555 x F‘MlJ T+ C‘,f)g U,S -09

Table 7. Minor road ratio adjustment factor (FMI)
Source: MKJI, 1997

1.2 Degree of Saturation

Degree of saturation is the ratio of traffic flow to capacity [18] [19]. The degree of saturation is
an indicator that determines the level of performance of an intersection [20]. An intersection has a
good performance level if the degree of saturation is not more than 0.8 at the peak hour of the
planning year. Degree of saturation is the ratio of current to capacity, calculated in pcu/hour.

DS = QTOT/C (9)

Where :
QTOT = total motorized vehicle traffic at the intersection (pcu/hour)
C = capacity (smp/hour)

1.3 Delay

Delay is the additional travel time to pass through the intersection when compared to the
situation without the intersection, which consists of traffic delays and geometric delays [21] [22].
Traffic delay (DT) is waiting time due to traffic interaction with conflicting traffic and geometric
delay (DG) is time delayed due to slowing and acceleration of disturbed and undisturbed traffic [11].
Traffic delays calculated in unsignalized intersections are as follows [15] [23]:

a. Intersection traffic delay (DT1)

The average traffic delay DT1 (seconds/pcu) is the average delay for all vehicles entering the
intersection. The delay DT1 is determined from the empirical relationship between the delay DT1
and the degree of saturation DS.

ForDS<0,6
DT1 = 2+ 8,2078 x DS — (1 — DS) x 2 (10)
ForDS>0,6
DT1 = 1,0504/(0,2742 — 0,2042 x DS) — (1 — DS) x 2 (11)
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b. Main road traffic delay (DTMA)

The average traffic delay for the major road is the average traffic delay for all vehicles entering
the intersection through the major road.

ForDS<0,6

DT1=1,8+58234xDS — (1 —DS) x 1,8 (12)
For DS>0,6

DT1 = 1,0504/(0,346 — 0,246 x DS) — (1 —DS) x 1,8 (13)

¢. Main road traffic delay (DTMA)
The average traffic delay for minor roads is determined based on the average traffic delay (DTI)
and the average traffic delay for the major roads (DTMA).
DTM1 = QTOT x DT1 — QMA x DTMA/QMI (14)

Where:

QMA-= total flow of main/major roads
QM= total flow of minor roads

d. Intersection geometric delay (DG)

The geometrical delay of the intersection is the average geometric delay of all motorized vehicles
entering the side [24]. DG is calculated using the equation.

ForDS<1,0
DG =(1-DS)x (PTx6+ (1—PT)Xx3)+DSx4 (15)
For DS =>1,0, DG =4
Where:
DG = geometrical delay of the intersection (sec/pcu)
DS = degree of saturation
PT = total turning ratio
e. Intersection delay

The intersection delay is calculated using the equation.
D =DG + DT1 (16)

Where:
DG = intersection geometric delay (sec/pcu)
DT1= intersection traffic delay (sec/pcu)

1.4 Queue Probability

The queue probability (QP %) is the probability that there will be queues with more than two
vehicles in any of the approach areas and unsignalized intersections [25]. The limit of the queue
probability value can be estimated from the relationship between the queue probability curve/degree
of saturation. The limit value of the queue QP (%) is determined from the empirical relationship
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between the probability of the queue QP (%) and the degree of saturation (DS). The probability of a
gueue with an upper and lower bound can be obtained by using equation.

QP % Upper Limit = 47,71 x DS — 24,68 x DS2 + 56,47 x DS3 a7
QP % lower Limit = 9,02 x DS — 20,66 x DS2 + 10,49 x DS3 (18)
2. Method

2.1.Research Site

The location of this research is the intersection of JI. Raya Bogor — Sukabumi, JI. Siliwangi —
Cibolang, JI. Perintis Kemerdekaan where it can see on figure 1.

Figure. 1. Research Site

2.2.Research Equipment

In this study, several tools were used to support the implementation of research in the field as
follows:

1. Research forms and stationery, to record traffic flow.
2. Length measuring device (meter), to measure the geometric dimensions of the road.
3. Counter, counting the number of vehicles that pass the T-junction.
4. The watch is used to measure the start and end time of the observation.
2.3.Research Data

The required data can be taken from several sources, namely:

1. Primary data is data obtained by direct observation in the field. The primary data needed in this
research include:

a. Traffic flow data for each road section
b. Geometric data for each road segment

2. Secondary data, data obtained from related agencies related to the observations made. This
secondary data functions as supporting data from the primary data in this study. The secondary data
include:

a. City size data
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b. Population dat
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c. Research site plan data
2.4.Survey Implementation

The survey was carried out at a predetermined time, for primary data, namely traffic flow data
which was carried out on ...... at WIB, which is peak hour. Meanwhile, the geometric measurements
were carried out on the date of.... In the implementation of this survey, 4 surveyors were required
with the following tasks:

1. One surveyor counts the number of motorcycles, light vehicles, heavy vehicles, and non-
motorized vehicles that move west to east and west to south.

2. One surveyor counts the number of motorcycles, light vehicles, heavy vehicles, and non-
motorized vehicles moving from the north to the south.

3. One surveyor counts the number of motorcycles, light vehicles, heavy vehicles, and non-
motorized vehicles that move from the south to the north.

4. One surveyor counts the number of motorcycles, light vehicles, heavy vehicles, and non-
motorized vehicles moving from the north to the east and also from the east to the north.

5. One surveyor counts the number of motorcycles, light vehicles, heavy vehicles, and non-
motorized vehicles moving from south to east and also from east to south.

The process of calculating the number of vehicles is recorded in 15 minutes internally on the
traffic volume survey form with the division of vehicle types including HV, LV, MC, UM.

2.5. Explanation

In order to make it easier to obtain precise and accurate survey data, explanations must be made
to all surveyors with their respective duties and responsibilities consisting of:

a. Filling the traffic volume survey form is recorded at 15 minute intervals.

b. The division of tasks involves the distribution of directions and types of vehicles according to
the form held.

c¢. Geometric condition data collection, measuring the width of the approach on each arm carried
out by 2 (two) people using a measuring tape.

d. Traffic condition data is obtained by recording the number of types of vehicles in each arm
movement, namely turning left, turning right and going straight. The results of the enumeration
based on the type of vehicle in each direction of movement in each arm are entered into the survey
form.

2.6. Data Collection Time

Time for sampling is on Saturday. Considerations in the selection of days are based on activities
that occur around the intersection where the research will be carried out. Saturday is a weekend
where it is estimated that there will be a surge in traffic flow at the fork in the Pakuningratan road.
Saturday is the beginning of the week and a working day, so it is estimated that there is a high traffic
flow. As for the geometric measurements carried out on. The research was conducted during peak
hours so that the maximum volume can be obtained, sampling was carried out for 8 hours because
these 8 hours represent working hours and peak hours, namely at 16.00 WIB This traffic volume
needs to be observed because related to time of observation, period of rush hour, direction and
number of vehicles. The survey was conducted during peak hours, because during peak hours the
maximum volume of vehicles will be obtained.

Observation time per 15 minutes for 8 hours. Each observation records vehicles passing through
for all vehicle motions, according to the following classification:

a. Non-motorized vehicles, include: bicycles, tricycles, horse carts, and so on
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b. Motorcycles (motor cycles)
c. Light vehicles, include: passenger cars, minibuses, jeeps and small buses.
d. Heavy vehicles, include: large trucks and buses

2.7. Data Analysis

The data obtained from research in the field were analyzed based on the Indonesian Road
Capacity Manual (MKJI, 1997) to determine the performance conditions of the intersections studied.
From these results, the capacity values, degrees of saturation, delays and queuing opportunities are
obtained based on the methods contained in the Indonesian Road Capacity Manual (Directorate
General of Highways, 1997). If the intersection under study does not meet the requirements
according to the Indonesian Road Capacity Manual (Directorate General of Highways, 1997), it is
necessary to improve the level of service and performance of the intersection.

3. Conclusion

From the results obtained from the analysis of traffic flow at the unsignalized intersection as
follows:

1. Analysis of the performance of the unsignalized intersection at the intersection of three JI. Raya
Bogor — Sukabumi, JI. Siliwangi — Cibolang, JI. Perintis Kemerdekaan from MKIJI, obtained the
highest traffic flow on the day....at.... — ... WIB of cur/hour. The degree of saturation of the
intersection is...the delay of the intersection is .... sec/skr, and the queue probability is around ...%.

4. Suggestion

Based on the results of the analysis of the performance analysis of the unsignalized intersection
at the Simpang Tiga JI. Raya Bogor — Sukabumi, JI. Siliwangi — Cibolang, JI. Perintis Kemerdekaan,
some suggestions were given, including:

1. The development of traffic needs to be analyzed continuously so that it can overcome the
influence of the development of the number of vehicles on traffic performance and the existing
problems.

2. It is better if the local government, in this case the transportation department, can regulate
traffic order.
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