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Abstract

As consumers and businesses rely on the efficiency, safety, and reliability of
transportation networks, the quality of urban life is at risk due to increasing traffic
congestion. The current study aims to evaluate the capacity of an intersection by
recalculating the existing condition and making changes with geometric improvements,
namely symmetrizing the intersection arms and traffic separation islands and widening
the intersection arms. Factors that affect traffic congestion at intersections in the Banda
Aceh area, such as driver behavior, traffic light capacity, peak-hour drivers, and
intersection design. This study compares on-site data with the performance of signalized
intersections using various traffic methodologies. With a population of 261,000 in Banda
Aceh, Simpang Surabaya is known as a busy route in urban life. Two techniques are used
for the analysis: applying the Indonesian Highway Capacity Manual (MJKI) to the road
widening and geometric re-planning. The results show that the intersection capacity is
close to saturation, with a saturation value of 1.336 which exceeds 0.85 due to asymmetric
traffic islands, high volumes, and long cycle times. Geometric changes and wider
intersection roads reduce this value to 0.83. The results indicate that Simpang Surabaya
(the intersection of Surabaya) needs to be widened immediately and properly. Further
research is recommended to evaluate other intersections in the city of Aceh with quite
busy traffic density to carry out calculations and handling by using different of MJKI
accordingly.

Keywords: Traffic volume, signalized intersection, capacity,; degree of saturation, traffic
delay

Abstrak

Ketika konsumen dan perusahaan bergantung pada efisiensi, keamanan, dan keandalan
jaringan transportasi, kualitas kehidupan perkotaan berada dalam risiko akibat
meningkatnya kemacetan lalu lintas. Penelitian saat ini bertujuan untuk mengevaluasi
kapasitas persimpangan dengan menghitung ulang kondisi eksisting dan melakukan
perubahan dengan perbaikan geometrik yaitu mensimetriskan lengan-lengan simpang dan
pulau pemisah arus lalu lintas dan pelebaran lengan simpang. Faktor -faktor yang
mempengaruhi kemacetan lalu lintas di persimpangan jalan di daerah Banda Aceh, seperti
perilaku pengemudi, kapasitas lampu lalu lintas, pengemudi pada jam sibuk, dan desain
persimpangan. Studi ini membandingkan data di lokasi dengan kinerja persimpangan
yang dilengkapi sinyal menggunakan berbagai metodologi lalu lintas. Dengan 261.000
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penduduk, Simpang Surabaya di Banda Aceh dikenal sebagai jalur sibuk dalam
kehidupan perkotaan. Dua teknik digunakan untuk analisis: menerapkan manual kapasitas
jalan raya Indonesia (MJKI) pada pelebaran jalan dan perencanaan geometrik ulang.
Hasilnya menunjukkan bahwa kapasitas persimpangan mendekati jenuh, dengan nilai
jenuh sebesar 1,336 yang melebihi 0,85 akibat pulau lalu lintas yang asimetris, volume
tinggi, dan waktu siklus yang panjang. Perubahan geometris dan jalan persimpangan yang
lebih lebar mengurangi nilai ini menjadi 0,83. Hasilnya menunjukkan bahwa Simpang
Surabaya perlu segera diperlebar dengan baik. Penelitian selanjutnya dianjurkan
mengevaluasi simpang dengan kepadatan yang cukup sibuk di daerah Aceh lainnya untuk
dilakukan kalkulasi dan penanganan secepatnya.

Kata kunci: Volume lalulintas, simpang bersinyal, kapasitas, derajat kejenuhan, tundaan
lalu lintas

1. Introduction

The transportation network relies on billions of people and trillions of dollars
daily. It is complex, with many layers and various actors (Almasri 2014). Many
factors, such as safety, efficiency, and reliability, currently influence the
transportation system. Customers and the business community must understand
these aspects (Wahyu 2022). The increasing and worsening traffic congestion poses
a significant threat to the quality of urban life.

Roads are one of the infrastructures built to enable people to carry out daily
activities and transport vehicles or public transportation. (Adeke, Etika, and Atoo
2020). It is undeniable that transportation is the most important part of a country,
especially in urban areas, according to experts and transportation laws. However,
the increase in population will impact the rise in the number of vehicles (Sameni
and Moradi 2022). One of the causes of traffic problems is the increase in the
number of vehicles that do not match the current infrastructure (Akcelik 2017).
Traffic congestion, which also occurs in the city of Banda Aceh, is one of the traffic
problems that can arise due to the decline in infrastructure performance.

The main cause of traffic congestion is the high number of vehicles, and most
Banda Aceh car owners use their cars daily or regularly. As a result, it is estimated
that one million hours are wasted daily stuck in traffic. In addition, the main cause
of traffic congestion is the imbalance between the amount of traffic present and how
many people want to drive (Akmaz & Celik 2016). This problem is getting worse
at intersections in cities (Findley et al. 2015). Installing traffic lights is one of the
traffic control measures to reduce congestion (Albrka, et al., 2018). An efficient
traffic light system will ensure smooth traffic flow and save time (Yusuf & Jordan
2018). However, intersection design, traffic light capacity, and driver behavior
commonly influence traffic congestion (Bull 2004 ; Kumala, et al., 2016). For
example, some drivers like to shave off a few seconds from their travel time by
forcing their way into intersections and blocking the path of other drivers, which
leads to traffic congestion (Ghiasi et al. 2017; Hansen 2017).

To guarantee that traffic data is accurate and reliable, it is critical to consider
the impact of flyovers of signalized intersections (Wibisono 2019; Suryaningsih, et
al., 2020). Flyovers have a substantial impact on traffic flow patterns, congestion
levels, and environmental considerations, including pollution (Riza, et al., 2025).
Ignoring their presence would result in distorted data and incorrect assumptions
about traffic conditions. Flyovers rearrange traffic flow, which may reduce
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congestion on some routes while moving it to others (Nicoli, et al., 2015). This
modification should be reflected in traffic statistics and models. Flyovers can
reduce accidents on key roads by separating traffic, but they may also bring new
accident hazards at their ramps or surrounding intersections. Drivers may opt to use
flyovers for reasons such as journey duration, perceived safety, and congestion.
Understanding these options is critical for conducting reliable traffic analysis.

By integrating data on flyover usage, accident rates, congestion levels, and
environmental implications, traffic statistics can become more realistic of real-
world situations, allowing for better transportation system planning and
management (Kurniawan et al. 2021).

Traffic signals are one of the traffic control measures to reduce road
congestion and ensure adequate traffic capacity with good design, while optimal
delays are key to improving signalized intersections. Axer, et al., (2012) mentioned
that the results of the calculations for the degree of saturation and performance level
for each approach at the intersection overall during each peak hour reviewed,
namely the morning peak, midday, and evening peak.

We discuss operational methods for analyzing signalized intersections. These
operational methods include using geometric planning and road widening at
intersections to evaluate signalized intersections during peak hours. We discuss
operational methods for analyzing signalized intersections. These operational
methods include using geometric planning and road widening at intersections to
evaluate signalized intersections during peak hours. We assess various performance
aspects of intersections at signalized junctions, using two different capacity
methods: recalculated geometric planning and manual road capacity in signalized
intersection. We also evaluate the factors that influence traffic congestion at
intersections in the Banda Aceh area, such as driver behavior, traffic light capacity,
peak hour drivers, and intersection design.

Some studies have discussed signalised intersections and their capacity; (Riza
et al. 2025) studied signalised intersections in Surabaya, Indonesia; (Wahyu 2022)
investigated signalised roads in Pasuruan, Surabaya, using MJKI and software
Vissim; (Kurniawan et al. 2021) analysed signalised intersection in Yogyakarta;
(Nasihah & Purwaningsih 2017) examined intersection in Jimbaran Bali, it is a few
studies conducted in Aceh; thus we intend to fill in the gap. We aim to evaluate
signalised intersections in Simpang Surabaya, Banda Aceh, using MJKI and
evaluating factors that affected them. We proposed research questions: How is the
evaluation of signalised intersections in Simpang Surabaya, Banda Aceh? What are
the factors that affect the traffic intersections in Simpang Surabaya?

2.  Research Method

We have two research questions, to answer the problem on how calculation
of signalized intersections of surabaya; we employed calculation using MJKI,1997
of geometric intersections, traffic volume and composition, degree of saturation and
average delay, and average delay for all intersections. We employed instruments
of quantitative method using calculation of MJKI and observation technique.
Furthermore, to reach research question two on the factors that affected traffic
situation in intersection of Simpang Surabaya,we implement the observation
technique through video recording.
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This research was conducted at the Surabaya intersection in Banda Aceh, as shown
in Figure 1.
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Figure 1 Administrative map of Aceh province. (Source: Public works and spatial
planning office of Aceh province).
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2.1 Calculation of Geometric Intersection

Measurements are taken in both the longitudinal and transverse directions to
determine the geometric conditions of the intersection (Hansen 2017). The
necessary information regarding the geometric intersection includes the approach
width of each intersection arm, traffic management, and environmental conditions.
(Hidayat, et al., 2020). In addition, a sketch of the geometric intersection is also
depicted (Kumala et al. 2016). Kumala state that sketches represent an intersection
with information regarding the curb, lanes, shoulder width, and median.
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2.2 Traffic Volume and Composition

The traffic volume in major cities continues to rise, driven by the increasing
growth of vehicle ownership. According to Ghiasi et al. (2017), traffic volume is
the number of vehicles that pass a certain point or cross-section of a road within a
specific time unit. Traffic volume can be expressed with the following formula :

y=" (1)

Where:
V = Traffic volume passing a point (vehicles/hour)
N = Number of vehicles passing that point within a time interval (vehicles)
T = Observation time interval (hours)

In (MKIJI 1997), it is stated that traffic flow is the number of motor vehicles
passing a point on the road per unit of time, expressed in vehicles/hour. This traffic
flow is symbolized by the letter Q and categorized according to its direction of
movement. QLT represents a left turn, and QRT represents a right turn. This traffic
flow is converted from vehicles per hour into passenger car units.

Passenger Car Units (PCU) using the Passenger Car Equivalent (PCE) for
each approach with protected and conflicting departure flows. Protected departure
flow refers to the flow that does not conflict with traffic from the opposite direction.
In contrast, conflicting departure flow refers to the flow that does conflict with
traffic from the opposite direction. The equivalent factor is:

Table 1 Equivalent factors for passenger vehicles at intersections by MKJI 1997

. EMP for Approach Type

Type of Vehicle Protected . Op}l;%sed
Light Vehicles (LV) 1,0 1,0
Heavy Vehicles (HV) 1,3 1,3
Motorcycles (MC) 0,2 0,4

2.3 Calculation of Degree of Saturation and Average Delay for All
Intersections
According to MKJI (1997), the degree of saturation is the ratio of traffic flow
to capacity for a given approach. The degree of saturation is calculated using the
following formula:

DS = Q/S=(Qxc)/(Sxg) (2)
Where:

DS = Degree of saturation

Q = Traffic flow (smp/hour)

C = Approach capacity (smp/hour)

S = Saturation flow (smp/hour green);

¢ = Cycle time (det)
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According to MKJI (1997), delay is the additional travel time required to pass
through an intersection compared to a situation without an intersection. The average
delay for the entire intersection can be calculated using the formula:

2(0xD))
D=2 0 d (3)
Where or
D: = Average delay for the entire intersection (sec/vehicle);

D; = Average delay for approach j (sec/vehicle);
Q = Traffic flow (vehicles/hour);
Qror = Total flow (vehicles/hour);

From the highest peak hour, the morning peak, the existing saturation degree
calculations yielded the following results: the saturation degree value on T. Hasan
Dek Road (North) is 1.018, on Dr. Muhammad Hasan Road (South) is 1.336, on
Tgk. Imuem Lueng Bata Road (East) is 0.925, and on T. Chik Di Tiro Road (West)
is 0.821. The average delay value on T. Hasan Dek Road (North) is 132.11
seconds/vehicle, and on Dr. Muhammad Hasan Road (South) is 687
seconds/vehicle, on Tgk. Imuem Lueng Bata Road (East) is 72.33 seconds/per
vehicle, and on T. Chik Di Tiro Road (West), it is 66.19 seconds/per vehicle. The
adjusted cycle time is 145 seconds.

The results of the calculations after the geometric changes and widening of
the intersection arms show that the saturation degree on T. Hasan Dek Road
(North), Dr. Muhammad Hasan Road (South), Tgk. Imuem Lueng Bata Road (East)
and T. Chik Di Tiro Road (West) are each 0.83. The delay on T. Hasan Dek Road
(North) is 26.11 seconds/vehicle, and on Dr. Muhammad Hasan Road (South) is
27.47 seconds/vehicle, on Tgk. Imuem Lueng Bata Road (East) is 26.80
seconds/per vehicle, and on T. Chik Di Tiro Road (West), it is 31.30 seconds/per
vehicle. The adjusted cycle time is 49 seconds.

The calculation focuses on analyzing the intersection's performance level to

determine to what extent the Surabaya intersection's performance level is.
The data collection results were processed using the formulas and theories
mentioned in the previous chapter, leading to the outcomes that are the objectives
of this research. From this data processing, the performance level of the intersection
before and after the geometric changes at the Surabaya intersection can be
determined.

Table 2 Existing capacity values and degree of saturation.

Indicator Names of intersection arm
Phase assessme Volume T. HasanDek Moh Hasan  Tgk. ImumLueng T. Chik

nt L) S Bata (T) Ditiro (B)

4 phases Q intersection /hour 1163 992 1112 753
FR 0,246 0,230 0,230 0,164
PR Sec 0,28 0,26 0,26 0,19
g intersection /hour 35 25 36 29
C intersection /hour 1143 743 1202 917
Ds 1,018 1,336 0,925 0,821
c Sec 145 145 145 145

Assessing Signalized Intersections During Rush Hours Through Geometric Planning and Y]
Road Widening Intersection - Salman, Darmawan Pontan, Noer Fadly, Veby Irawandi,
Endah Kurniyaningrum, Tulus Widiarso



Teras Jurnal : Jurnal Teknik Sipil P-ISSN 2088-0561
Vol 15, No 02, September 2025 E-ISSN 2502-1680

Table 3 Capacity values and saturation degree of geometric changes and widening
of intersection roads.

Names of intersection arm

Phase airslg:s:?;g;t Volume T.Hasan = Moh Hasan Tgk. Imum T. Chik
Dek (U) (S) Lueng Bata (T)  Ditiro (B)
4 phases Q intersection /hour 1163 992 1112 753
FR 0,211 0,197 0,197 0,141
PR Sec 0,28 0,26 0,26 0,19
g intersection /hour 12 12 12 8
C intersection /hour 1401 1195 1340 907
Ds 0,830 0,830 0,830 0,830
c Sec 49 49 49 49

Based on the calculations of capacity and degree of saturation above, it can
be determined that the highest capacity value is found at the Surabaya intersection,
which has been geometrically modified and had its arms widened, with a capacity
of 1401 vehicles/hour for the T. Hasan Dek section, 1195 vehicles/hour for the Dr.
Muhammad Hasan section, 1340 vehicles/hour for the Tgk. Imuem Lueng Bata
section, and 907 vehicles/hour for the T. Chik Di Tiro section. Meanwhile, the
lowest degree of saturation is also found at the Surabaya intersection, which has
been geometrically modified and had its arms widened, with a value of 0.83 for
each of the intersection arms. The determination of traffic delay includes the
assessment of the number of queued vehicles (NQ), the length of the queue (QL),
the ratio of stopped/moving vehicles (NS), the number of stopped vehicles (Nsv),
the average stop/move time for vehicles, the average traffic delay (DT), the average
geometric delay (DG), and the total delay. Thus, the average delay value at the
intersection can only be calculated. The average delay value at the Surabaya
intersection can be seen in the table below.

Table 4 Existing intersection delay values

Intersection names

indicator

Phase assessment Volume T.Hasan = Moh Hasan T.Imum Tgk. Chik
Dek (U) S Lueng Bata (T) Ditiro (S)
4 phases QL M 235.00 171.00 135.00 158.00
NS vehicle/ intersection 1.35 3.83 0.98 0.91
Nsv intersection /hour 1566 3799 1090 688
DT sec/ intersection 127.69 680.44 68.40 62.38
DG sec/ intersection 4.42 6.56 3.93 3.81
D sec/ intersection 132.11 687.00 72.33 66.19
Average intersection delay (sec/intersection) 206.48

Table 5 Delay values of intersection geometric changes and intersection road widening

Intersection names

Indicator

Phase assessment Volume T.Hasan = Moh Hasan T. Imum Tgk. Chik
Dek (U) (S) Lueng Bata (T)  Ditiro (S)

4 phases QL M 51.52 44.96 49.72 36.02

NS vehicle/ intersection 0.96 0.98 0.97 1.04

Nsv intersection /hour 1115 973 1077 780

DT sec/intersection 22.23 23.51 22.92 27.22

DG sec/intersection 3.88 3.96 3.88 4.08

D sec/intersection 26.11 27.47 26.80 31.30

Average intersection delay (sec/intersection) 23.74
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From the calculation of intersection delays above, it can be determined that
the lowest intersection delay value is found at the Surabaya intersection, which has
been geometrically modified and had its arms widened, with a value of 27.12
sec/intersection.

3.  Result of Observation

We figured out there are some factors that affected the traffic in intersections
of Surabaya; which are traffic flow patterns, congestion levels, users behaviors and
environmental considerations, including pollution. Data on traffic volume and
composition for each approach during the reviewed peak hours was obtained from
direct observations in the field. Recording and counting are done by noting each
vehicle that passes the observation point. Observations were conducted on Monday,
Thursday, and Saturday.

Based on the observation data of traffic volume and composition, it can be
seen that the highest traffic volume among the three observation days occurred
during the peak hours for each period. For the morning period on Monday, the peak
hour was from 07:00 to 08:00 WIB, with a total intersection volume of 8091
vehicles/hour. For the afternoon period on the same day, the peak hour was from
13:00 to 14:00 WIB with a total intersection volume of 7326 vehicles/hour, while
for the evening period, it was from 17:30 to 18:30 WIB with a total intersection
volume of 6510 vehicles/hour.

In determining capacity and degree of saturation, the traffic volume (Q) must
first be established, along with the type of approach, whether it is opposing (O) or
protected (P). After that, the effective width (We), basic saturation flow rate (So),
adjustment factors, adjusted saturation flow rate (S), flow ratio (FR), phase ratio
(PR), pre-adjustment cycle time, adjusted cycle time (c¢), and green time (g) must
be determined, so that capacity (C) and degree of saturation can then be calculated.
(DS). For the capacity values and degree of saturation at the Surabaya intersection.

Our findings on several factors that affected traffic flow are echoed by (Riza
et al. 2025) studied signalised intersections in Surabaya, Indonesia; (Wahyu 2022)
investigated signalised roads in Pasuruan, Surabaya, using MJKI and software
Vissim. (Riza et al. 2025) mentioned number of vehicles increased have affected
traffic flow in pasuruan due to drivers’ behaviours, and pollution. Aggressive
driving, sudden braking, and erratic lane changes can create shockwaves in traffic,
causing delays and congestion. Speeding and unsafe speed adjustments can lead to
accidents, especially in congested areas or when merging in traffic. Following too
closely, distracted driving, and sudden braking can lead to rear-end collisions, a
common type of accident. Aggressive driving, like speeding and unsafe lane
changes, can increase the severity of accidents.

In regard to pollution, depletion of the ozone layer results in an increase in
the atmospheric temperature which in turn causes global warming (Kurniawan et
al. 2021). Other effects of vehicular pollution include smog and acid rain formation,
reduction in the quality of air which affects traffic and it also causes health problems
and lung-related diseases which potentially to cause unpredicted accidents.

Several methods can be employed to increase the capacity of both approaches
and intersections: For approaches with the highest critical FR values, the width of
the approach can be increased. In the Surabaya intersection, widening can be done
on each approach, as the vehicle flow has already exceeded its capacity. Changing
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the cycle time and the duration of the green light for all approaches while
considering their capacity flow is also an option. However, in this case, changes to
the cycle time will not significantly affect the reduction of queue lengths and delay
values at the intersection due to the high traffic flow. In this case study, the author
recalculates the signalized intersection planning by comparing the existing
conditions after geometric changes and the widening of the approach lanes.

4.  Conclusion and Suggestion
4.1 Conclusion

We concluded based on the results on the calculations and data processing
from the highest peak hours, particularly during the morning peak. The intersection
capacity under existing conditions has exceeded saturation, as indicated by a degree
of saturation value of 1.336, greater than 0.85. This is caused by the asymmetry of
the traffic islands, traffic volume, and high cycle times. Geometric changes and
widening of the intersection arms were carried out, resulting in a degree of
saturation value of 0.83, less than 0.85, and lower cycle times, leading to improved
road performance.

A degree of saturation higher than 0.85 means that the intersection's capacity
is insufficient. To increase capacity while maintaining a four-phase system, the
author proposes several suggestions, such as adjusting the position of the traffic
islands so that the intersection arms appear symmetrical. In approaches with the
highest critical FR wvalues, it is possible to increase the width of the approach,
thereby enhancing capacity. Reorganizing the existing traffic signals that have been
adjusted to the changes in the geometric conditions of the planned intersection.

In addition, we analyzed the factors that affected the traffic flow are are traffic
flow patterns, congestion levels, users behaviors and environmental considerations,
including pollution.

4.2 Suggestion

We recommend that more research be conducted on other intersections in
Aceh with high traffic density in order to carry out calculations and handling
utilising MJKI appropriately. Furthermore, in order to improve the performance of
the Surabaya-Banda Aceh intersection, we recommend making phase changes and
optimising cycle timings based on present conditions.
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