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Abstract: In this paper, the evolution of traffic flow on the road intersection of a single lane three legs
roundabout is analyzed from a macroscopic point of view following Lighthill-Whitham—Richards model. The
single lane three legs roundabout is modeled as a sequence of 1 x 2 and 2 X 1 junctions. The priority
parameter is introduced for 2 X 1 junctions to analyze the traffic evolution on the road network of the
roundabout. Also, analyzed is the performance of the roundabout with and without priority parameter to
evaluate the traffic evolution on the road network. Thereafter, the evolution of density and flux versus priority
parameter at different time steps through numerical simulation using Godunov scheme is illustrated.
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I.  Introduction

Modern civilization would not be possible without extensive, reliable transportation systems.
Technology is poised to transform transportation and impact society and the environment in ways we cannot
fully predict but must be prepared to manage. Traffic flow models are used to describe and predict traffic on
roads. Besides transports have a positive impact on economic development, they attract all the negative effects
such as pollution of the environment, traffic congestion, accidents, etc. [19]. The study of the basic traffic flow
characteristics like traffic density, speed and flux are the pre-requisites for the effective planning, design,
operation and management of roadway systems at road intersections.

Macroscopic traffic models were introduced during the 1950s by Lighthill, Whitham [15] and
independently Richards [17]. They were the first to propose a hydrodynamics model for traffic flow using a
nonlinear scalar hyperbolic Partial Differential Equation (PDE). The PDE equipped with an initial data is
commonly referred to as the LWR model. This model was later on extended to work on networks. In fact, over
the years, several authors proposed models on networks that are able to describe the dynamics at intersections,
see for example [8, 20, 21] and reference therein. Each of these models considers different types of solutions
for different types of junctions, according to the different number of lanes, incoming and outgoing links. In this
article, we focus on a Riemann problem for roundabouts. This roundabout can be seen as concatenation of

2x1 (merging) and 1 x 2 (diverging) junctions, but the approach can be generalized to a more general
network. The density and flux evolutions on the entrance roads, exits roads and on the overall portion of
roundabout are described by a scalar hyperbolic conservation law. Roundabouts are junctions with a one-way
circulatory carriageway around a central island. Vehicles on the circulatory carriageway have priority over those
approaching the roundabout [11, 16]. At each junction, the Riemann problem is uniquely solved using right-of-
way and traffic distribution parameters.

The goal of this paper is to analyze the performance of the roundabout through numerical simulation on
its road networks. The fundamental reason for using simulation technique in traffic flow studies is that traffic
flow is a highly complex phenomenon and is difficult to understand and analyze by simple mathematical
techniques. A simulation of model is the imitation of the operation of a real world process or system over time.
It facilitates the system planner to study and evaluate the performance of transport-network systems at various
possible operating conditions [22].

The article is organized as follows: In Section 2 we introduce formally the mathematical model by
describing the network and the mathematical description of the traffic evolution on each link and on each
junction. In Section 3 we introduce the Riemann Solver at junctions. We first introduce some necessary
notations and we describe step by step the construction of the Riemann Solver for the different types of
junctions. In Section 4 we describe the numerical scheme used to find the numerical solution of the problem on
the road network and illustrate the results using the Godunov scheme. Lastly, in Section 5 we give some
conclusions about this article.
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Il.  Mathematical Model

Roundabouts are special forms of road network having short links and connected to external incoming
and outgoing roads. It is a self-controlled traffic flow regulating devices. A roundabout in its design may have
three, four, five or more incoming and outgoing flow directions on which traffic can flow. These flow directions
are commonly called legs or arms of the roundabout. A roundabout may be a single-lane, double-lane, three-lane
or multi-lane. In this work three legs single-lane roundabout have been considered. In a single-lane roundabout
only a single vehicle can enter to the roundabout at a time; others wait at the yield line one after the other.

Traffic evolutions on the roundabout differ from other conventional road networks due to priorities
given for traffic circulating on the main road of the roundabout. Due to this fact, it is considered as an
alternative traffic control device that can improve safety and operational efficiency at intersection when
compared to other conventional intersection control. In this work we deal with a mathematical point of view to
describe the details of the traffic road network illustrated in Figure 1(a), more clearly with links and junction

types as shown in Figure 1(b).
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Figure 1: (a) Represents the 3-incoming and 3-outgoing roads roundabout modeled in the paper and (b)
represents different links and junction types of the figure a).

The road network of the Roundabout shown in Figure 1 (b) consists of 12 roads in all. Of them Roads
1, 2, and 3 are called Entrance roads, Roads 4, 5, and 6 are called Exit roads while the remaining Roads 7, 8, 9,
10, 11, and 12 are called Main roads. Also, it consists of 6 Junctions and they are denoted respectively
by Ji. Jo» J3» Ja Js, Je. Of these junctions J;, J;, Js are called Merging Junctions while the remaining
J2, Ja, Jo are called Diverging Junctions.

On each road we consider the LWR model for traffic and at junctions we consider boundary condition
with Riemann solver satisfying the conservation of cars [8]. When there is more traffic demand on the incoming
roads we introduce a right of way parameter that describes how many cars can drive through the junction from
the incoming roads. The evolution of the traffic on the networks of a roundabout is governed by

[0p,/0t] + [0f,(p)/dx] =0, (t, x) € R* x Roadi, i=1,2,..12 2.1)

Here p; = p;(t, x) € [0, Pmax i]is the mean traffic density and p,,,, ; the maximal density on each
single road. Pipes-Munjal was an early researcher, who proposed the speed-density relationship in [18] and
expressed in terms of an n degree polynomial

n
vi(p) = VUnax,i [1 - (pi/pmax,i)] ) n=1 (22)
Here v,,4, ;is the maximal speed on each link andv;: [0,  Pmax,i] = R*is a smoothdecreasing function denoting
the mean traffic speed. The flux functions f;: [0, Pmax,i] = Rtdefined by
filp) = pi v(p)
fl(pl) = VUmax,i pi[1 - (pi/pmax ,i)]' fOT n=1 (23)
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Figure 2: Fundamental diagram considered.

This fundamental diagram is illustrated in Figure 3. In this paper we use the normalized form of the

vehicle density p(t, x) tobe 0<p < 1 and we assume the following:
(I) Pmax,i = 1

(i) The speed v; depends only on the density p;

(i) The flux f; is a strictly concave C? function

(ivy fi(0=£f1)=0

Assumptions (iii) and (iv) give that f; has a unique point of maximum p.; € (0, 1).

In the roundabout that we are modeling, there are 2 types of junctions: merge junction (2
incoming and 1 outgoing roads) and diverge junction (1 incoming and 2 outgoing links)
see Figure 1 for the different locations of the junctions and Figure 3 for a more detailed
representation of the different types of junctions used in this study.

@) Merge junction (b) Diverge junction
Figure 3 Different types of junctions modeled

Definition 2.2: Let f;:[0, 1] > R be a continuous, strictly concave function such that f£;(0) = f;(1) =
0.Then there exist p,; € (0, 1) such that f; issmooth on [0, p.;] and (oc;; 1] with 0 < |f (x,)| <
o foreach x; €0, pci) U (Peir 1]

Definition 2.3: Let 7 : [0, 1]—> [0, 1] be the map such that f(z(p)) = f(p) for every p€
[0, 1] and t(p) # p forevery p € [0, 1]\{p.} (For further properties see [8, 13])

I11.  Riemann problems at the junction
In this section we describe the construction of the Riemann solver at a junction. Let us first set some
notations. In the following of the paper the subscripts i, indicates that quantities belonging to the incoming links
on a junction while . indicates the outgoing ones.
Definition 3.1: Let us define that following quantities
flo)  if0<p <p,
1. Forevery [ € {inc} define Yine” (p1) =
fmax if Por =P = plmax
fmax if 0< pj < Per
2. For  j€{out} define yoex (p;) =
f(p;) if per < pj < pJ"™

Moreover, let us fix a matrix A belonging to the set of matrices:
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A= {A=a;; jeEfout}:0<a; <1, Z a;; =1
j€{out}
And a priority vector p=(P1, P2) ER? with p, >0, Y2 ,p, =1 indicating priorities among
incoming roads. Moreover, we define a function © as follows. For further properties see [8] and [13].
Definition 3.2: Let 7: [0, 1] -» [0, 1] be the map such that
i) f(z(0) =f(p) forevery pe[0, pmo]
(i) t(p) # p forevery pe[0, 1]\ {p.}

We are now ready to describe the construction of the Riemann Solver for different types of junctions.
Fix  Pror P20 - P20 € [0, p/***]. Consider a Riemann problem at a junction J;
9:pi + 0, f(p) =0, pi(0,.) = pp (€1,..,12
A solution to the Riemann problem at J; is defined as follows:
3.1 Merge junctions: Let us consider first a merging junction, i.e. a junction with two incoming and one
outgoing road, see Figure 3, left. Let us fix constants p; o, p20, p3o € [0, p"**] for i=1, 2, 3,and a
priority parameter p. The Riemann solver RS (pl‘o, P20, p3‘0) = (py, Dy, P3)at the junction is constructed

in the following way.

1. Compute:

Y = Yine (P1)

Y2 = Vine (P2)

Y3 = Your (p3)
2. Fix:

73 = min(y{"™ +y2", ")
71 =min(y",  max(y3 -y, pPs))
Y2=V3— "

3. Set Vine = (1, ¥2) and Pour = (¥3)
3.2 Diverging junctions: We consider a diverging junction, i.e. a junction with once income and two

outgoing links, see Figure 3, center. Let us fix constants p; o, p20, P30 € [0, p"Ifor i=1, 2, 3, and a
distribution matrix A = [a, 1 — a]. The Riemann solver RS (p10, P20, P30) = (P1, P2, P3) at the junction
is constructed in the following way.

1. Compute:
Y =Yine (p1)
Y2 = Your (p2)
Y3 = vYour (p3)
2. Then
| e
¥, = min max , ,
4 <V1 P 11—«
72 = ah
73 =0 -
3. Set Vine = (71) and Ppue = (72, ¥3)

IV.  Numerical Simulations
In this section, we describe the numerical scheme used to solve problem (2.1), and simulation results for the
roundabout represented by 2 X 1 and 1 X 2 junction type.

4.1 Numerical Scheme

We de ne a numerical grid in (0, T) X Rusing the following notation: Ax is the fixed grid space,
At is the time step given by the CFL condition and(t", %) = (nAt, jAx)for n € Nand j € Z are the grid
points.

Each road is divided in N + 1 cells numbered from 0to N. The first and last cells of an edge are
always a junction and we assume that these cells are ghost cells. The scheme used for solving equation (2.1) is
the Godunov scheme as introduced in [9, 13] and it is based on exact solutions to the Riemann problem. The
main idea of this method is to approximate the initial datum by a piecewise constant function, then the
corresponding Riemann problems are solved exactly and a global solution is simply obtained by piecing them
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together. Finally, one takes the mean on the cell and proceeds by induction. Under the CFL (Courant-Friedrichs-
Lewy) condition, [5] it holds:

At max; ¢y |/1]"+%| <Ax (3.2
Here in (3.2), /1]7+lis the speed of the wave of the Riemann problem solution at the interface xj+1at the timet™,
2 2
the numerical scheme can be written as
At™
Pt =pf =5 [F() pa) = F(ola P
Where the numerical flux F for a concave flux function is given by

min f(u, V), ifusv
_ fw), ifv<u< pcl
FO v)_{ fmex, ifv<p.<u

f), if pe<v<u
4.2 Simulation results
In this section, we analyze the results of the simulations of the model presented for road network. For

illustration, we choose a concave fundamental diagram as introduced in equation (2.3) with the following values
for the parametersv,,o, ; =1, pmax; =1, L =150, p.; = 0.5, T = 20, Ax = 0.0196, At = 0.0196.

For the initial condition on the roads of the network, we assume that at initial time ¢ = 0 all the roads
are empty and influx at boundary of incoming edges is equal to 0.9. In the case of low traffic, we do not need
priority rule, the traffic evolution is only governed by conservation law and the splitting rate to describe how
traffic coming from the incoming roads chooses to distributed to their corresponding intermediate (main) roads
and the external exiting roads. Thus,| n this case rarefaction wave fill the portion of the roads of the roundabout.
But, in the case of high traffic, congestion can occur at merging junctions and shock wave propagating back.

Hence, the performance of roundabout is reduced in controlling traffic flow problem. In order to show
the different state of traffic evolution on the network, we assume that the roundabout with and without priority
parameter at merging junctions for the simulation purpose.

The results obtained are shown in Figures * to **. As example we show the evolution of the density
and flux on an entrance road, an exit road, a roads between merging and diverging junctions, and a roads
between diverging and merging junctions versus space Discretization as shown in Figure ***. The other Figures
**** shows evolution of traffic with priority parameter. In all of them we can see the evolution of the density
and flux during the simulation time.
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Figure 5: The merging junction at T = 6 without priority parameter
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Figure 6: The merging junction at T = 6 with priority parameter
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Here it is to be recalled that whenever traffic is low, priority is not required to introduce. However, if
the traffic is high then introduction of priority is one way of resolving the problem of congestion and paving a
way for smooth traffic flow. However, the Priority will not completely remove the problem of congestion but
the congestion is shifted from important road to unimportant road. These facts have been illustrated in the
Figures 5 and 6.

Figure 5 shows simulation study of traffic flow at the merging Junction/; . At this junction 1 and 7 are
incoming roads and 8 is the outgoing road. Here priority is not considered. It can be observed that the traffic
flow is smooth on Road 1 but congested on Road 7. However, the resultant traffic on Road 8 is also smooth.
But, the congestion in traffic flow on Road 7is not desirable, as it is a part of roundabout and as a result this
congestion will propagate back.

To avoid congestion on Road 7 priority is introduced to the traffic on this road and the results of the
simulation study are presented in Figure 6. That is, more priority is given to the traffic on Road 7 than to that on
Road 1. As a result the congestion on Road 7 could be reduced and the traffic on the whole roundabout is now
smooth. However, congestion now takes place on Road 1 which does not do much damage for the overall
traffic flow.

The traffic congestion on the main road or round about is more problematic than that on the external
incoming roads. This problem is seen in Figure 5 and resolved in Figure 6.

The simulation study at the merging Junction/;given in Figures 5 and 6 can be extended to the
remaining two merging Junctions J;and/s. However, the results of these simulation studies will just be similar to
the present one and hence they are not presented here.

However, the Priority will not completely remove the problem of congestion but the congestion is
shifted from important road to unimportant road. This fact is visualized in Figures 5 and 6. As the result of
introduction of the concept of Priority the traffic congestion is shifted from Road 7 to Road 1.
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Figure 7: The diverging junction at T = 6 without priority parameter
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Figure 8: The diverging junction at T = 6 with priority parameter

Figures 7 and 8 show the traffic situation at Junction J,before and after a priority is introduced at
Junction J; respectively. It can be observed that the traffic on the Road 9 is congested and propagated back
before the priority but the same is resolved as a result of introducing priority at J;.
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Figure 9: Density profiles on the entrances Roads 1, 2, and 3

To reduce the traffic congestion on the Main roads the concept of priority is introduced and as a result
the congestion is shifted from Main roads to the Entrance roads viz. 1, 2, and 3. This fact is illustrated in the
Figure 9. The simulation study shows that on Entrance roads 1, 2, and 3 the traffic congestion is lesser before
applying priority at the Merging junctions J;, J3, Js but higher after the priority.

Density profile on the roads between diverging and merging junctions. Density profile on the roads between diverging and merging junctions.
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(a) Without priority parameter (b) With priority parameter
Figure 10: Density profiles between diverge and merge junctions

To reduce the traffic congestion on the Main roads the concept of priority is introduced and as a result
the congestion is shifted from Main roads to the Entrance roads viz. 1, 2, and 3. This fact is illustrated in the
Figure 10. The simulation study shows that on Main roads viz. 7, 9 and 11, leading to merging junctionsj;, /s,
Js, the traffic congestion is more before applying priority but lesser after applying. Thus, the congestion on main
roads is reduced due to the application of priority.
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Density profile on the roads between merging and diverging junctions.
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To reduce the traffic congestion on the Main roads the concept of priority is introduced at the merging
junctions J;, J;, Jsand as a result the congestion is shifted from Main roads to the Entrance roads viz. 1, 2, and
3. This fact is illustrated in the Figure 11. The simulation study shows that on Main roads viz. 8, 10 and 12,
leading to diverging junctions],, J4, Js, the traffic congestion is more before applying priority but lesser after
applying. Thus, the congestion on main roads leading to diverging junctions is reduced due to the application of

priority.

Density profile on the roads between merging and diverging junctions.

1000

900

800

700

600

500

Time step

400

10

Space discretization
(b) With priority parameter
Figure 11: Density pro les between merge and diverge junctions
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Figure 12: Density pro les on the exits road

To reduce the traffic congestion on the Main roads the concept of priority is introduced at the merging
junctions J;, J3, Jsand as a result the congestion is shifted from Main roads to the Entrance roads viz. 1, 2, and

However, the concept of prioritization shows no effect on the traffic flow on the Exit roads 4, 5, and 6
at the diverging junctions/,, J., Je. That is, the traffic flow on these roads is just remains the same both before
and after the implementation of prioritization. This fact is illustrated in the Figure 12.
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Figure 13: Flux pro les on the entrance roads

To increase the traffic flux on the Main roads the concept of priority is introduced at the merging
junctions J;, J5, Jsand as a result the flux is improved on the Main roads but reduced on the Entrance roads viz.
1,2,and 3.
This fact is illustrated in the Figure 13. The flux of traffic is reduced on the Entrance roads 1, 2, and 3
after the application of priority at the merging junctions J;, /5, Js
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Flux profile on the roads between diverging and merging junctions. Flux profile on the roads between diverging and merging junctions.
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Figure 14: Flux pro les between diverge and merge junctions

To increase the traffic flux on the Main roads the concept of priority is introduced at the merging
junctions J;, J3, Jsand as a result the flux is improved on the Main roads but reduced on the Entrance roads viz.
1,2,and 3.

This fact is illustrated in the Figure 14. The flux of traffic is increased on the main roads 7, 9, and 11

leading to Merging junctions after the application of priority at the merging junctions J;, J5, Js
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Figure 15: Flux pro les between merge and diverge junctions

To increase the traffic flux on the Main roads the concept of priority is introduced at the merging
junctions J;, J5, Jsand as a result the flux is improved on the Main roads but reduced on the Entrance roads viz.
1,2,and 3.

This fact is illustrated in the Figure 15. The flux of traffic is increased on the main roads 8, 10, and 12
leading to Diverging junctions after the application of priority at the merging junctions J;, Js, Js.
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Flux profile on the exits road. Flux profile on the exits road.
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Figure 16: Flux pro les on the exits road

To increase the traffic flux on the Main roads the concept of priority is introduced at the merging
junctions J;, J5, Jsand as a result the flux is improved on the Main roads but reduced on the Entrance roads viz.
1, 2, and 3. However, the concept of priority shows no influence on the flux on the Exit roads 4, 5, and 6.

This fact is illustrated in the Figure 15. The flux of traffic remains the same on the Exit roads 4, 5, and 6 both
before and after the application of priority at the merging junctions J;, Jz, Js.
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0.8 v T 0.8 T T T
» T=2 T=2.7 T=35 T=2 T=2.7 T=35
8 — T2 4 —T=3.1 T=4 = T=2.4 s— =31 T=4
o
2 o7 o7t [
2 2
E E
(=] o
GE’ 0.6 E 06
® ]
£ E
£os A EosM
x x
o o
- -
504 5041 [
= =
2 =
% 0.3 @ 03r
a a
0.2 . . . L L | . 0.2 . . ) ) 1 "
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0 0.1 02 03 04 05 06 07 0.8 0.9 1
Priority parameter (p) of the external incoming roads Priority parameter (p) of the incoming main roads

(a) Density on the entrances road  (b) Density on the incoming main roads
Figure 17: The density of entrances and incoming main roads decrease as the priority given to each road
increase

Figure 17 (a) shows the density profile of the traffic flow on the Entrance roads against priority
parameter applied on these roads. It is observed that on these roads the density falls down initially and then rises
to a converging point as the priority parameter grows from 0 to 1.

Figure 17 (b) shows the density profile of the traffic flow on the Entrance roads against priority
parameter applied on Main roads. It is observed that on the entrance roads the density falls down initially from a
fixed point to certain level and rises to the corresponding maximum values, as the priority parameter grows from
0 to 1 on the main roads.
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Figure 18: The density of entrances and incoming main roads decrease as the priority given to each road
increase

Figure 18 (a) shows the density profile of the traffic flow on the Entrance roads against priority
parameter applied on these roads. It is observed that on these roads the density falls down to a point as the
priority parameter grows from 0 to 1. Density is decreasing since the traffic flows smoothly as the priority value
increases.

Figure 18 (b) shows the density profile of the traffic flow on the Entrance roads against priority
parameter applied on Main roads. It is observed that on the entrance roads the density increases, as the priority
parameter grows from 0 to 1 on the main roads. That is, the flow in the entrance road is slowed down and hence
the density is increasing.
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Figure 19: The density of entrances and incoming main roads increase as the priority given to each road
increase

Figure 19 (a) shows the density profile of the traffic flow on the Entrance roads against priority
parameter applied on these roads for all simulation time from 0 < T < 20. It is observed that on these roads the
density falls down initially and then rises to a converging point as the priority parameter grows from 0 to 1 and
propagating back.

Figure 19 (b) shows the density profile of the traffic flow on the Entrance roads against priority
parameter applied on Main roads for all simulation time from 0 < T < 20. It is observed that on the entrance
roads the density falls down initially from a fixed point to certain level and rises to the corresponding maximum
values, as the priority parameter grows from 0 to 1 on the main roads and propagating back.
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Figure 20: The density of entrances and incoming main roads decrease as the priority given to each road
increase

Figure 20 (a) shows the density profile of the traffic flow on the Main roads against priority parameter
applied on Entrance roads. It is observed that on Main roads the density increases as the priority parameter
grows from 0 to 1 on the Entrance roads. It can be concluded that the density on the main roads is increasing
since the priority value is increasing on the Entrance roads.

Figure 20 (b) shows the density profile of the traffic flow on the Main roads against priority parameter
applied on these roads. It is observed that on these roads the density falls down as the priority parameter grows
from 0 to 1. Density is decreasing since the traffic flows smoothly as the priority value increases.
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Figure 21: The density of entrances and incoming main roads decrease as the priority given to each road
increase

The Figures 20 and 21 are just similar to each other with just a difference in time. In these figures the
observations, interpretations and the conclusions are the same.
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Figure 22: The density of entrances and incoming main roads decrease as the priority given to each road
increase

Figure 22 (a) shows the density profile of the traffic flow on the Main roads against priority parameter
applied on Entrance roads for all simulation time from 0 < T < 20. It is observed that on Main roads the
density increases as the priority parameter grows from 0 to 1 on the Entrance roads. It can be concluded that the
density on the main roads is increasing since the priority value is increasing on the Entrance roads.

Figure 22 (b) shows the density profile of the traffic flow on the Main roads against priority parameter
applied on these roads for all simulation time from 0 < T < 20. It is observed that on these roads the density
falls down as the priority parameter grows from 0 to 1. Density is decreasing since the traffic flows smoothly as
the priority value increases.
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Figure 23: The Flux on entrance roads

Figure 23 (a) shows the flux profile of the traffic flow on the Entrance roads against priority parameter
applied on these roads. It is observed that on these roads the flux rises to a converging point as the priority
parameter grows from 0 to 1.

Figure 23 (b) shows the flux profile of the traffic flow on the Entrance roads against priority parameter
applied on Main roads. It is observed that on the entrance roads the flux falls down to certain level and start
propagating back, as the priority parameter grows from 0 to 1 on the main roads.
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Figure 24: The Flux on roads

0.0762

Flux (f) on the external incoming roads
Flux (f) on the external incoming roads

0.076

0.0758

Figure 24 (a) shows the flux increases as the priority parameter grows from 0 to 1 on the Entrance
roads.

Figure 20 (b) shows the density profile of the traffic flow on the Main roads against priority parameter
applied on these roads. It is observed that on these roads the density falls down as the priority parameter grows
from O to 1. Density is decreasing since the traffic flows smoothly as the priority value increases.
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Figure 25: The density of entrances and incoming main roads decrease as the priority given to each road
increase.
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Figure 26: The density of entrances and incoming main roads decrease as the priority given to each road

increase.
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Figure 27: The density of entrances and incoming main roads decrease as the priority given to each road

increase
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Figure 28: The density of entrances and incoming main roads decrease as the priority given to each road
increase

V.  Conclusions

In this study, the evolution of traffic flow on the road intersection of a single lane three legs roundabout
is analyzed from a macroscopic point of view following Lighthill — Whitham — Richards model. Here we have
considered a roundabout networking consisting of totally 12 roads and 6 junctions.

Road numbers 1, 2, and 3 are named as Entrance roads; Road numbers 4, 5, and 6 are hamed as Exit
roads and the road numbers 7, 8, 9, 10, 11, and 12 are named as Main roads.

Similarly the three junctions denoted by J;, /5, Js are named as merging junctions and the remaining
three junctions denoted by J,, /4, Js are named as Diverging junctions.

It is well known and well understood if the traffic flow on roads is low then no congestion occurs and
there do not arise any study. However, the problem arises whenever the traffic flow is high.

Here the high traffic flow situation on the described roundabout networking of roads is considered and
shown a solution for the congestion problem through the implementation of Priority.

Normally congestion on main roads is not desirable but if required it can be tolerated on the other
roads. Thus, in this study it is attempted to reduce congestion on main roads by giving more priority to the
traffic on these roads. As a result the traffic flow on the main roads is observed to flow freely. However, the
traffic on the entrance roads is affected and it is tolerable.
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It can be concluded that to reduce traffic congestion on main roads or important roads is to give priority

for the traffic on these roads.

The priority principle will not solve the congestion problem completely but it shifts the problem from

main roads to other roads and it is tolerable.
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