
  
Abstract—The transportation problem causing a traffic jam in 

this study is a bottleneck of the road, where downstream traffic 
capacity is smaller than the upstream, usually, happen in the 
bridge entrance and where the road geometric changes such as 
four lanes 2 line into two lanes 2 line. This study aims to find a 
model that represents the mathematical relationship of volume, 
velocity, and density with manual count method in Jamin Ginting 
road, km 14.5 with four types of models named Greenshield, 
Greenberg, Underwood, and Bell and to determine shock wave 
value. The result of this research is the Greenshield model in the 
narrowed road which best describes the value of the independent 
variable (speed) to the dependent variable (density) at the 
location and the shock wave value at 13.00-13.15 pm (ω = -1.46), 
13.15- 13.30-13.45 pm (ω = -1.75), 13.45-14.00 pm (ω = -0.90).  
The observed maximum queue length is 1.2 km while the most 
closely approximated result is the Greenshield model with 0.9 
km. So the model that best to represent the field conditions is the 
Greenshield model. 
 
Index Terms— Volume, Speed, Density, Shock Wave, Bottleneck 
 

I. INTRODUCTION 
RANSPORTATION problems are a problem faced by 
developed countries and developing countries such as 

Indonesia. One of the transportation problems is a traffic jam, 
according to MKJI 1997 traffic jam is a situation where traffic 
flow exceeds road capacity causing a queue of the vehicle. 
Congestion for urban road networks often occurs at 
intersections, especially the intersections of sites and locations 
that have the potential for a bottleneck. This study discusses 
the transportation problems caused by road narrowing. Road 
narrowing is a part of the road with a condition of lower traffic 
capacity (downstream) smaller than the upstream. Road 
narrowing leads to an uninterrupted flow of traffic (Interrupted 
Flow) resulting in decreased speed and increased density 
between vehicles. The location of the research was conducted 
at Jalan Let. Jend. Jamin Ginting Km.14.5 with a systematic 
bottleneck type. Geometrically, the upstream of the road 
consists of 2 lines, four lanes (with median) and then narrowed 
downstream (downstream) into two lines, two lanes (without 
median). The purpose of this study is to get a model that can 
describe the location of the case study as well as obtaining 
data in the length of the vehicle queue and the normalization 
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time required to remove the line from the selected model. 
Accordingly, the purpose the research is as follows: 

1. To know the relationship between volume, speed (speed) 
and density (density) of traffic due to the occurrence of road 
narrowing at the study site. 
2. Determine the maximum density value on the normal road 
segment and the narrowed road segment at the study location. 
3. To know the value of shock wave due to the narrowing of 
road at study location. 

II. LITERATURE REVIEW 
Mathematical Relation between Volume, Speed and Density 
𝑉 = 𝑆	𝑥	𝐷                       (1) 

where :  
V = Volume   
S = Speed 
D = Density 
Four types of models of mathematical relationships between 

the three parameters, namely: 
 

TABLE I 
GREENSHIELDS MODEL 

 
 

TABLE II 
SUMMARY OF THE GREENBERG MODEL EQUATIONS 
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TABLE IV 

SUMMARY OF THE UNDERWOOD MODEL EQUATIONS. 

 
TABLE I 

MODEL BELL 

 
A. Testing Statistics 

The variables tested in this study are the values of F and t 
which are the control tools of the results of statistical analysis, 
in this case linear regression, by comparing the values of F 
and t obtained from the calculation with the value of F and t of 
the table. The test is said to be true if the value of F and t of 
the calculation is greater than the table, then the value of R2 (0 
to 1) which is the coefficient of determination showing how 
much influence independent variable (X) to the dependent 
variable (Y). 

B. Shock  Wave Value 

                  (2) 

 
Where: 
V1 = Upstream flow     D1 = Upstream density 
V2 = Max. Flow Downstream  D2 = Downstream density 

 

III. SURVEY METHODOLOGY 
The study was conducted at Jalan Jamin Ginting Km 14.5 

(Fig. 1) where there was road narrowing. Survey is done by 
manual count method to traffic activity at research location. 
The survey is done by calculating the number of vehicles and 
speed at the specified points. The survey was conducted on 
Sunday, April 30, 2017. Time survey conducted for 6 hours ie; 
morning (09.00-11.00). noon (12: 00-14: 00), afternoon (16: 
00-1800). The results of data observed in the field is the 
number of vehicles, vehicle speed and side resistance.  

 

 
Fig. 1. Study Area at Jalan Jamin Ginting Km 14,5 Medan. 

IV. ANALYSIS AND DISCUSSION  
The variable relationship is based on traffic volume data 

and vehicle speed, taken each 15 minute period arranged in a 
paired list then the density value can be searched by equation 
(1). The relationship between velocity (S), density (D) and 
volume (V), is modeled using four models ie Greenshield, 
Greenberg, Underwood and Bell models. The completion of 
statistics is done by finding the relationship between speed and 
density through the regression method. 

The relationship between speed and density of each with 
Greenshield, Greenberg, Underwood and Bell methods is as 
follows:  

TABLE V 
SPEED-DENSITY RELATIONSHIP OF EACH MODEL 

GREENSHIELDS S = 22,35863-0,04855D 

GREENBERG S =43,664 - 5,54064 Ln D 

UNDERWOOD S = 24,864 e(-0,003083D) 

BELL S = 21,102*e(-0,5*(D/208,995)^2) 
  
 

A. Determination of Maximum Volume And Model 
TABLE VI 

SUMMARY OF REGRESSION ANALYSIS 

 
 

1. F Value (table) :  4,30 
2. T Value (table) :  2,07 

 
TABLE VII 

MAXIMUM VOLUME SUMMARY 
                  Lane    
Model Upstream Downstream 

Greenshield 2665,13 
 

2527,80 

Greenberg 6593,97 
 

44303,82 
Underwood 3115,70   

3184,04 
Bell 2680,10  1786.794 

 

2066,66 
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Table VI above shows that the largest intercept value is at 
Greenberg value because it corresponds to the model 
relationship of the logarithmic form. With the F test value and 
t test on each segment or the location of the cutoff indicates 
that each location is greater than the value of F table and t 
table. Determination of the selected model for the calculation 
of shock waves is based on the criteria of F test values, t and 
R2 are large, besides that also seen the maximum current 
achieved by each model. Underwood and Greenberg models 
have a large supply value and from the calculation results 
there is no current coming (demand) exceeds the maximum 
current value (supply) then of these two models so there will 
be no shock wave. 

B. Calculation of shock waves 
The calculation of shock waves in this road narrowing 

begins by plotting between the incoming currents (demand) 
from upstream and downstream capacity ie at the location of 
the supply narrowing, which is based on the maximum current 
selected over time. Analysis begins when demand exceeds 
capacity. 

 
Fig. 2. The relationship of capacity and time 
 

Fig. 2  shows the time when demand across capacities 
shows that in the Greenshield Model there are four periods 
when demand exceeds capacity: 13.00-13.15, 13.15-13.30, 
13.30-13.45, 13.45-14.00, and on Bell model there are eight 
periods when demand exceeds capacity , ie: 09.00-09.15, 
09.15-09.30, 09.30-09.45, 09.45-10.00, 10.45-11.00, 13.00-
13.15, 13.15-13.30, 13.30-13.45, 13.45-14.00. Based on the 
observation of the maximum queue length field that occurs as 
long as: 900 m or equal to 0.9 km. 

 

 
Fig. 3. Shock wave Reverse Format Greenshield Model 

 
Fig. 3 shows where the volume B is greater than volume A 

while the B density is less than the density A hence from the 

large shock waveform ωAB is negative. It is shown also in 
Fig. 4 that the line connecting points B and A is towards the 
lower right (down) condition is called a backward moving 
shock wave. 

 

 
Fig.4.  Shockwave Advanced Recovery Model Greenshield 

 
Figure 4 shows where volume A is greater than volume B and 
density A is greater than density B then the value of this shock 
wave is positive. The inclination of the shock wave up to the 
upper right is to show the value of a positive shock wave 
moving in the direction of the traffic movement. The shock 
wave that leads according to this traffic movement is called 
forward shock shock wave. 

V. CONCLUSION  
From the entire process of observation, calculation and 
analysis on the traffic flow that occurred on the condition of 
road narrowing on Jalan Jamin Ginting Km 14.5 from Medan 
to Pancur Batu can be summarized as follows: 
1) There is a significant difference in the speed of travel on 

these different road conditions, due to the different 
geometric characteristics of the road, such as from the 
condition of 2 lane roads to 1 lane. At road condition 2lajur 
(normal) speed is bigger than with narrow road condition. 

2) Maximum volume for each road and each model  for 
Normal Road Conditions: Greenshield Model Vm = 
2665,13; Greenberg Model Vm = 6593.97; Underwood 
Model Vm = 3115,70;  Bell Model Vm = 2680.10.  

3) Maximum volume for each road and each model  for the 
condition of the Road Narrows : Greenshield Model Vm = 
2527,80;  Greenberg Model Vm = 44304,82; Underwood 
Model Vm = 3184,04; Bell model Vm = 2066,66 

4) Maximum  density value for each road and each model for 
Normal Road Conditions:Greenshield Model Dm = 
233.92;  Greenberg Model Dm = 1284.35; Underwood 
Model Dm = 346,52; Bell Model Dm = 209,85 

5) Maximum density value for each road and each model foe 
the Condition of the Road Narrows: Greenshield Model 
Dm = 478.20; Greenberg Model Dm = 43445,79; 
Underwood Model Dm = 404.35; Bell Model Dm = 171,82 

6) The value of the shock wave due to the narrowing of the 
road at the study site is: Greenshield model there are four 
periods when demand exceeds capacity, ie: 13.00-13.15 (ω 
= -1.46), 13.15-13.30 (ω = -0.30 ), 13.30-13.45 (ω = -
1.75), 13.45-14.00 (ω = -0.90), and on the Bell model there 
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are seven periods when demand exceeds capacity, ie: 
09.00-09.15 (ω = -1.26 ), 09.30-09.45 (ω = -0.13) 10.45-
11.00 (ω = -1.90), 13.00-13.15 (ω = -4.11), 13.15-13.30 (ω 
= -3.10), 13.30 -13.45 (ω = -4.32), 13.45-14.00 (ω = -
3.64). 

The statistical test of both models is Greenshield Model with 
value F, t, R2 respectively are 3878,96; 138,28; 0,9463 and 
bell model is 404,08; 585,08; 94602. 

Based on the observations, the calculation of the 
Greenshield model analysis obtained 1.2 km of queue length 
while the Bell model obtained queue length 6.9 km while the 
observation results obtained maximum queue length: 900 m or 
0.9 km. So the model that fits the actual field conditions is the 
Greenshield model. 
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