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Problems when the flow of traffic on urban roads exceeds the 

capacity of the road resulting in traffic jams. It happened on the 

Piet A. Tallo street during peak hour conditions. Especially in 

converted type of route from 4/2T to 2/2TT, which results in a 

buildup of traffic flow at that point. This research aims to analyze 

the volume to capacity ratio (v/c) and provide recommendations 

for long-term strategies to reduce traffic jams on Piet A. Tallo 

Street. Traffic flow and capacity analysis based on Guidelines for 

Indonesia Road Capacity 2014 (PKJI2014), while the projected 

growth in the number of vehicles in the next 20 years, uses the 

linear regression method. The results show that peak traffic flow 

exceeds road capacity in the 2/2TT segment with a v/c ratio of 

1.08. Recommendations for handling this by regulating side 

friction and changing road segment type 2/2TT to 4/2T. Using 

linear regression projected traffic flow in 2040, road capacity can 

still serve traffic flow with a maximum v/c ratio of only 0.93. 
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1. Introduction 

Low road capacity design, especially in road construction that cannot keep up with 

traffic volume growth, results in low service levels and low capacity to accommodate traffic, 

resulting in increased traffic congestion on urban roads [1]. The cause and effect relationship 

between road capacity requirements and land use development is very influential with the 

development of housing areas of 21.9% and expansion of work areas of 24.8%, resulting in an 

increase in traffic volume by 22-30% [2].  

Kupang City is the capital city of East Nusa Tenggara Province. It has economic, trade, 

and educational growth, which is increasing from year to year. The population growth rate in 

2010–2017 was 2.97%, with an economic growth rate in 2017 of 6.83%[3]. Therefore, it needs 

to be balanced with adequate infrastructure to meet the increasing needs of Kupang City 

citizens.  
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The number of vehicles in Kupang City that increases every year can cause severe 

traffic jams in the next few years. The latest data on the growth in the total number of vehicles 

in Kupang City has increased by 7.99% each year, with the most massive percentage increase 

occurring in the types of motorbikes at 8.22%, [4]. The increase in the number of vehicles 

causes an increase in traffic flow movement, which is not matched by an increase in 

infrastructure, causing congestion. One of the congestion points in Kupang City that often 

occurs during peak hour is the Piet A. Tallo street. 

The Piet A. Talo street has a reasonably high traffic volume. This section is a meeting 

place for vehicles from Oesapa, Oebufu, Mayor, and Penfui district. Besides, this road section 

also connects some universities in NTT and the Kupang Regency Government Center in 

Oelamasi with the downtown area of Kupang, which is where most students and employees of 

the Kupang district government domiciled. The high volume of traffic with a heterogeneous 

traffic flow that passes on this road occurs during the morning, afternoon, and evening rush 

hours, resulting in severe congestion on this section. In the study, road capacity decreased 

significantly due to platoon formation when mixed traffic was occupying lanes with speeds 

lower than the desired operating speed than curbside lanes during their operation on the intercity 

highway. The increasing volume of vehicles passing through this road section and a change in 

the type of road from 4 lane 2 way divided (4/2T) to 2 lane 2 way undivided (2/2TT) at STA 

00+135.60 to STA 00+530.62 results in a reduction in road capacity resulting in congestion 

during peak hour. The traffic flow on urban roads is designed for high-speed movement, but 

the heterogeneity of traffic, non-lane-based movements results in a reduction in overall vehicle 

speed under certain conditions [5]. This results in service level for road users needing attention, 

especially in the smooth flow of traffic [6]. Necessary to prepare an appropriate strategy to 

reduce traffic congestion on a poorly performing road when heavy and unstable traffic, and to 

understand the pattern of routine traffic conditions on Piet A. Tallo Street which will changes 

traffic performance patterns to be better [7]. Therefore, this study aims to provide strategic 

recommendations for increasing the road's capacity so that it can meet traffic needs for a long 

period of up to 20 years on the Piet A Tallo Kupang street. 
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2. Literature Review 

2.1. Roadway Geometric. 

Road conditions can consist of various geometric parameters describing the road, such 

as type of facility, lane width, shoulder width, and horizontal and vertical alignments. 

Horizontal alignment,  especially the characteristic of horizontal curves, can have a large impact 

on traffic flow [4]. Horizontal alignment consists of straight (tangent) elements or curved 

elements. Each of these elements has its own achievable geometric characteristics. Therefore, 

the capacity flow can vary from one element to another. These data are collected directly from 

the site survey, which includes lane width, lateral distance, number of lanes in each direction, 

median width, and sidewalk and shoulder width. 

The study was conducted by Semeida 2013 with the title. New models to evaluate the 

level of service and capacity for rural multi-lane highways in Egypt, [8]. This indicates that the 

variable that most influences road capacity is lane width, followed by the median width. The 

increase in lane width from 3.6 m to 3.7 m led to an increase in capacity from 1940 to 2115 

vehicles/hr/lane. In addition, increasing the median width from 8 m to 10 m led to an increase 

in capacity from 1900 to 1990 vehicles/hr/lane. Whereas in research [9] in terms of current 

speed, an increase in the lane width from 3.4 m to 3.7 m causes an increase in the current speed 

of 3.5 km/hr. 

In the study conducted by Hashim 2012 with the title Effect of highway geometric 

characteristics on capacity loss, [4] indicates that the geometric is very influential on the 

maximum traffic capacity that can be passed by the vehicle, from the traffic density data on a 

road segment. When calculating the traffic density for 8.25 hours, the target position's traffic 

density is more significant (420 vehicles/hour) than the curve position (336 vehicles/hour). 

 

2.2. Road Capacity 

Capacity means that the maximum volume of traffic at some points of the road can 

across the unit of time under actual road and traffic conditions. Ability will affect the design, 

including the number of lanes and turning lanes, junction configuration, and traffic control. 

Capacity-related service levels vary depending on the setting and functional class of the road 

[10]. The design capacity is a road traffic volume service that performs and is generally used 

as the basis for road planning and design [1]. 

In research [2]carried out in Oslo and Alesund, there was land use development of 

21.99%  as  well as the highest growth in employment in the expanded Moa region (46.6%) and  
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outer urban areas (36.2%), less in the expanded downtown area (5.1%) which led to a traffic 

flow growth of 30% in Oslo and 53% in Alesund so that the conclusion is that additional road 

capacity is a necessary condition due to land use development that encourages the trip 

generation and attraction movement, which contributes to traffic growth and can lead to 

congestion 

 

2.3. Levels of Service for Road Transportation. 

Level of Service, LOS is a qualitative measure used to indicate traffic conditions in 

terms of speed, travel time, freedom of maneuver, comfort, convenience, traffic disruption, 

safety, etc. Too low service level indicates that traffic facilities provide poor operation and low 

speed, and road function is not realized [11]. The more the ratio, the bigger the congestion. A 

value of 1.0 indicates heavy traffic. LOS suitable for some scenarios is presented to deal with 

existing traffic problems [12]. 

In [13] study, a comparison was made based on the type of road and the total distance 

traveled by road type and then divided them to get the service level. The result is roads with a 

median of 2/1 to better service level (0.7) than the motorway (0.9). This means that 2/2TT lanes 

equipped with barriers have less delay compared to traffic travel distances than other road types. 

This is also what happened to the Piet A. Tallo Street Kupang section, which will be studied. 

There is divided (4/2T), and then it becomes two lanes two way undivided (2/2TT). 

 

3. Research Method 

This research was conducted on the Piet A. Tallo street section in Kupang City with a 

capacity and performance analysis based on the Indonesian Road Capacity Guide 2014, PKJI 

2014. Based on PKJI 2014, the capacity of urban road sections can be calculated using the 

empirical formula below. 

0 LJ PA HS UKC C FC FC FC FC=      . 

Where, 

C = Capacity (pcu/hr). 

C0 = Basic capacity (pcu/hr). 

FCLJ = Adjustment factor of capacity related to lane width or traffic lane. 

FCPA = Adjustment factor of capacity related to direction separation (if undivided road). 

FCHS = Adjustment factor of capacity related to side friction on shoulder or curb. 

FCUK = Adjustment factor of capacity related to city size. 
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The strategy to reduce traffic jam is carried out to improve the performance of the Piet 

A. Tallo street section. Then a 20 year condition projection is carried out so that the reduce of 

congestion problems can be carried out efficiently for the long term [14]. Primary data collected 

were geometric road data to analyze road section capacity, traffic flow data was taken using the 

manual traffic count method by surveyors from 06.00 to 19.00 recorded in 1 hour intervals, side 

friction data to determine side friction classes for the calculation of capacity and vehicle speed 

for the calculation of Space Mean Speed (SMS) as in formula (2) in order to determine the 

relationship with the degree of saturation (DJ). With a case study, the space mean speed method 

is illustrated to be effective in estimating the travel speed for the entire road segment. By using 

this method, the travel speed or travel time of urban roads can be estimated more precisely [15]. 

To get the speed mean space of all vehicles occupying a section of the road during a certain 

period it can be calculated using the formula below. 

1
S

i

L
U

t
n

=


 

Where 

L  = Length of the road section sample (m). 

n  =  Number of vehicle samples. 

ti  =  Travel time of vehicle (sec). 

 

Secondary data in the form of population and number of motorized vehicles from 

2014-2019 Kupang City were obtained from BPS Kota Kupang [16][17]. The data is used to 

project the growth of motorized vehicles in 2040. The projection uses data on the number of 

motorized vehicles in 2014-2019 in Kupang City which is modeled in the form of a linear 

regression then projected for the next 20 years, namely in 2040. To perform calculations using 

linear regression carried out with the help of Microsoft Excel which has data analysis facilities 

in which there is a linear regression calculation [18]. The general equation form of linear 

regression is as below. 

Y a bx= + . 

Where, 

Y =  dependent variable. 

x =  independent variable. 

a =  intercept. 

b =  coefficient. 
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4. Results and Discussions 

4.1. Existing conditions. 

 
Source :  Research Results, 2020. 

Figure 1. Cross Section Of Piet A. Tallo Street. 

 

 
Source :  Research Results, 2020. 

Figure 2. V/C Ratio. 

 

The Piet A. Tallo street section's condition consists of 2 types of roads, namely 4/2T 

and 2/2T. Figure 1. shows a cross-section of the two road types. Due to the change from 4/2T 

to 2/2TT, there is a reduction in road capacity. As a result, there is a buildup due to traffic that 

exceeds the road's capacity during peak hours. We can see that the higher the road network's 

service level, the greater the capacity of the road network. This is because the smaller the road 

network's saturation, the higher the speed of the vehicles, which causes the road network 

capacity to increase [19]. It can be seen in Figure 2. that the degree of saturation (DJ) in type 

2/2TT reaches 1.08 at 18.00 to 19.00 while in type 4 / 2T only reaches a maximum value of 

0.48, which occurs at 08.00-09.00. 
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Source :  Research Results, 2020. 

Figure 3. Relationship Between V/C Ratio and SMS. 

 

In Figure 3, it is shown that the degree of saturation, which is the ratio between traffic 

flow and road capacity, has an effect on 79.43% of the speed of vehicles crossing the Piet A. 

Tallo street. The lower the degree of saturation, the vehicle speed will increase. This shows that 

the main problem with congestion in this section is the reduced road capacity. 

 

4.2. Traffic Forecasting. 

In order for the resulting handling measures to have an impact over a long period of 

time, projections of traffic flow conditions are carried out in the next 20 years, namely in 2040 

[14] by using data on the number of motorized vehicles in Kupang City from 2014-2019 as 

shown in Table 1. where KR is a light vehicle, KB heavy vehicle and SM motorcycle[16][20]. 

 

Table 1.  Number Of Vehicles In Kupang City. 

Year 
Vehicle Type 

KR KB SM 

2014 10772 5030 110703 

2015 11590 5351 125574 

2016 13227 6045 158124 

2017 14061 6379 171129 

2018 14914 6766 183989 

2019 15929 7107 197211 

Source :  Research Results, 2020. 
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Then a linear regression model was made to obtain a model of the growth trend of each 

type of motorized vehicle in Kupang City. By using the model in Figure 3., the peak traffic 

flow for each type of motorized vehicle that crosses the Piet A. Tallo street in 2040 is obtained, 

which is shown in Table 2. with the total number that crosses the Piet A. Tallo street section 

are light vehicles (KR) 2666 vehicles/hour, heavy vehicles (KB) 67 vehicles/hour and 

motorcycles (SM) 12684 vehicles/hour. 

 

Source :  Research Results, 2020. 

Figure 4. Growth Model of Vehicle. 

 

Table 2.  Total Peak Traffic Flow on Piet A. Tallo Street in 2040. 

Vehicle type 

Number of vehicles 

Way 1 Way 2 Total 

Veh/h Veh/h Veh/h 

KR 1097 1569 2666 

KB 43 24 67 

SM 5747 6937 12684 

Source :  Research Results, 2020. 

By using traffic flow data at peak hours in 2020 with the same road infrastructure 

conditions as the existing conditions, it can be seen in Figure 5 the performance conditions of 

the Piet A. Tallo street section for each type of road (2/2TT and 4/2T) in 2040 if no handling 

steps are taken (do nothing). 
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Source :  Research Results, 2020. 

Figure 5. V/C Ratio of the Piet A. Tallo street in 2040 (do nothing). 

Based on Figure 5. the segment which is still 2/2TT is no longer feasible because the 

ratio between traffic flow and road capacity has reached 2.49, which means that the traffic flow 

of 5919 pcu/hour across the Piet A. Tallo street in 2040 has exceeded The capacity is only 

2379.80 pcu/hour. 

 

4.3. Strategy to Solve Congestion. 

The traffic operating characteristics are significantly affected if there is heterogeneity 

in the traffic mix. This impact has further exacerbated the two-lane two-way road, where the 

interaction between vehicles occurs in both directions. Hence, the capacity of these roads varies 

widely depending on the number of interactions [21]. The main problem that is happening to 

the Piet A. Tallo street section is the lack of road capacity to serve traffic flow. Therefore, 

increasing the capacity of roads must be done [22], namely by controlling parking in the area 

around the Liliba bridge, which has an impact on the condition of the side friction, which is 

better (lower) by continuing to use the 2 / 2TT type of road but the results show the DJ value 

of 2.34 which means capacity is not sufficient to be able to serve traffic flow in 2040. Therefore, 

it is necessary to change the segment 2 / 2TT to 4 / 2T. By changing the road type from 2.2TT 

to 4 / 2TT, it is necessary to construct one bridge with one side of the existing Liliba bridge, so 

that each 2-lane bridge can be traversed by traffic in one direction. In the study [23], side friction 

affected the reduction of road capacity significantly (up to 60.73%) from the road base capacity. 

Therefore, in Figure 6, the blue area is a culinary area, so controlling vehicles entering and 

leaving  and  parking  vehicles in that area will have an impact on increasing road capacity, and  
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the plan to add blue lanes is an additional position for the bridge so that later the Piet A. Tallo 

street road type will all have type 4 / 2T so that later there will be no more vehicle buildup as 

is currently the case which is still typed 2 / 2TT. 

 
Source :  Google Earth, 2020. 

Figure 6.  Recommendations for Change of Road Types and Control of Side Barriers. 

 

Referring to the Indonesian Road Capacity Guidelines[24] for divided road types (4 / 

2T and 6 / 2T) the capacity analysis is carried out per lane of each traffic direction, so after 

changing the road type to 4 / 2T for each direction, it has a capacity of 3599.64 pcu/hour. 

 
Source : Research Results, 2020. 

Figure 7. V/C Ratio (After Implementation of Recommendations). 
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Based on Figure 7, after increasing the capacity by changing the type 2/2TT segment 

to 4/2T, the comparison value between traffic flow and capacity or the degree of maximum 

saturation on the Piet A. Tallo street reaches to 0.93, which means that the segment capacity is 

still able to serve traffic flow until 2040. 

 

5. Conclusion and Suggestion 

5.1 Conclusion. 

The conclusions obtained from testing the Strategy To Reduce Traffic Jams on Piet A. 

Tallo Street, Kupang City are as follows : 

1. The main cause of traffic congestion on the Piet A. Tallo street section is the lack of road 

capacity in the 2/2TT segment to serve traffic flow with the ratio of traffic flow and capacity 

(V/C Ratio) reaching to 1.08. 

2. Projection of the condition of the Piet A. Tallo street section in the type 2/2TT segment in 

2040 without a solution, the traffic flow has exceeded the capacity of the existing road 

sections with a DJ value of 2.49. 

3. Increasing capacity by curbing side friction in the control of parking vehicles in the area 

around the Liliba bridge and by changing the road type to type 4/2T, in 2040, the road 

capacity can still serve existing traffic flows with the ratio between flow and capacity only 

reaching to 0, 93. 

 

5.2 Suggestion. 

Suggestions for further researchers obtained from testing are that researchers can 

analyze the benefits of changing the type of road from 2 / 2TT to 4 / 2TT by taking into account 

the Liliba Twin Bridge's construction costs. 
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