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Abstract

The service level is the quality of traffic conditions in the road network, which includes comfort, safety,
freedom of maneuvering and so on. There are different service level depending on the conditions and
circumstances of the roundabout construction. The purpose of this paper is to highlight the geometric elements
as highly important parameters in the uninterrupted traffic flow in roundabouts, as well as the safety elements
for an uninterrupted and efficient traffic flow.
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1. Introduction

Crossroads are one of the most fundamental elements of road networks because they allow
drivers to follow the planned trajectory by exercising their own turning choices.

There are different types of intersections, where we can mention intersections with light
signaling and intersections without light signaling, level intersections (including roundabouts)
and dislevel intersections.

In this paper are analyzed the service level and the geometrical elements of an important
roundabout in the city of Tetovo.

Similar studies like this have been done for a roundabout in the city of Alexandria in Egypt, for
a roundabout in Vadodara in India and for a roundabout in Italy.

Then are proposed some changes based on the detailed analysis of the roundabouts, which also
include calculation of the capacity.

Aim

The aim of this study is to evaluate and to improve the performance of the roundabout that is
near Pallma Mall (shopping center), which is a focal point since is where we enter and we exit
the city.

The proposed changes aim to enhance safety, with a well designed roundabout, and also aim
optimizing the traffic flow, that meansbetter functionality of the roundabout.

Methodology

Site visits were made to analyze traffic problems in the studied area. For this study, a counting
plan was developed and the data was collected on a working day (Thursday), making the
observation from the shopping center, to see all the traffic flows entering and leaving the
roundabout, so the counting was done manually.

2. Roundabouts and geometric elements
Roundabouts represent road communities or road intersections, where vehicle traffic takes place
in a circle around the central island. The safest of all types of intersections are roundabouts

because their geometric design affects the driver's maneuvering behavior.
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The geometrical elements of the circle give directions to the vehicles which approach or which
go around the roundabout. Roundabouts are considered safe when their geometry forces
vehicles with lower speeds to enter and circulate in it, while roundabouts with poor geometry
are considered when the driver, moving through the circle, chooses the lane.

In this way, we understand that the design of a roundabout is the main process to have more
traffic safety and a higher service level.
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Figure 1. Geometrical elements of roundabouts

The geometric elements of the circle are:

» The central island — is the central part of the roundabout, where its height in the center
must be at least 10 cm;

» Splitter islands - between entry and exit lane are some constructions which are called
splitter islands;

» Circulatory roadway — is the road used by vehicles that move in a circular way and can
be two or more lanes;

« Entry and exit lane — these lane are usually perpendicular to the circulatory roadway;

* Apron — helps heavy vehicles to pass the roundabout;

» Horizontal sign at the entrance — are the horizontal lines at the entrance of the
roundabout;

» Bicycle lane;

» Pedestrian crossings;

+ Sidewalk.
The basic elements of roundabout design are:
* Speed;

» Sight distance;
* Vehicle size.
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Table 1: Roundabout geometric elements and their limiting and recommended values for the design of

Figure 2. Roundabout geometric elements

roundabouts
Element Symbol Unit of | Dimensions Recommended
measurement | (limits) dimensions
The outer radius Rv m 6,75 — 86,00 7,50 — 50,00
Width of the | u m 4,50 — 25,00 5,40 — 16,20
circulatoryroadway
Width of the lane v m 2,75-12,50 3,00-7,30
Entry width e m 3,60 — 16,50 4,00 — 15,00
Stretch length I’ m 12,00 — 100,00 | 30.00 —50.00
Sharpness of | S 0-2,90 0-2,90
alignment
Entry radius Rul m 6,00 — 100,00 8,00 — 45,00
Entry angle D ° 0,0-77,00 10 - 60
Source: [1]

In many different places such as Europe, the USA etc. big reductions in the number of accidents
have been reported after the change of standard intersections into roundabouts.
Some reasons why roundabouts are safer:
» Lower speed of driving - because they have to give priority to passing vehicles that are
in the roundabout;
» There is no rush from drivers — at intersections, as usual, there is a rush due to the red
light of the traffic lights;
» Fewer serious accidents — because roundabouts have fewer points of conflict compared
to intersections
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Figure 3. Conflicting points at classic intersections (32) and roundabouts (8)

Some of the advantages that roundabout offer compared to classic intersections are:

Better aesthetics, which mean better appearance;
Reduction of waiting time;

Capacity increase (traffic flow);

Efficiency;

And most importantly better road safety.

3. Advantages and disadvantages of roundabouts

Roundabout have advantages compared to classic intersections, where these advantages are in
different aspects, such as:

in terms of safety - because roundabouts have a smaller number of conflicting points
compared to intersections, that means at the same time a smaller number of accidents;
in terms of the safety of pedestrians and cyclists — because low speeds at roundabouts
increase the safety of cyclists, while splitter islands increase the safety of pedestrians;
in terms of ecology - because the vehicles will consume less fuel, it also means that
environmental pollution will be reduced, as well as the noise pollution will be reduced;
in terms of expenses - because roundabouts, compared to intersections, have lower
expenses for both design and maintenance of signals;

in terms of costs — because roundabouts have better aesthetics, or look better
aesthetically compared to classic intersections.

Besides advantages, roundabouts have some disadvantages, such as:

in terms of safety - because in the beginning there is a possibility of accidents due to the
lack of skills of the drivers in the roundabout, because they are used to it being a classic
crossroads;

in terms of the safety of pedestrians and cyclists - because, unlike classic intersections,
at roundabouts the paths for pedestrians and cyclists are longer;

in terms of capacity - because there is a possibility that the roundabout will have more
traffic than planned (so there is a possibility that the intersection with a roundabout will
have a larger traffic than the designed one), and in this case the ideal solution it would
be a signalized crossroad.

The main criteria for placing roundabouts at crossroads are:

On roads with high speeds;
When there are a large percentage of left turns at the crossroads;
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» When there are a large number of accidents at the crossroads, especially from vehicles
coming from secondary roads;

* When there are more than four traffic lanes at the intersection;

» Toreduce delays at the entrance of intersections, where these delays are usually caused
when the STOP sign is placed at the intersection.

4. Service level

By comparing the delays, which are calculated as at intersections without traffic light, the
service level of the roundabout branch can be determined.

Table 2: Service level for intersections without traffic light according to HCM

Service level Average delay for vehicles (s/vehicle)
A <10
B 10 -15
C 15-25
D 25-35
E 35-50
F > 50
Source: [4]

5. Case study — the roundabout at the entrance to the city
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Photo.1. The roundabout which has been analyzed
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Figure 4. Roundabout dimensions — actual situation

The intersection with a roundabout is located near the Pallma Mall shopping center, while the
collection of the data on the current state of the roundabout was done on a working day
(Thursday).

The data is shown in the following table, where based on the count were obtained some data for
traffic in the roundabout, from each direction separately.

The peak hour of this roundabout based on the data was found to be around 14:00 - 15:30.

Table 3: Traffic in the roundabout from each direction separately
Entry1l | Entry2 | Entry3 | Entry4 | Total

Straight | q1=588 | 04=418 | q7=46 | q10=18

Left 02=362 | gs=46 | gs=124 | q11=106

2022
Right Q=76 | Qe=92 | (Qo=52 | (Q12=94

Total 1026 556 222 218
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Graph. 1. Traffic flow in the roundabout from each direction separately
First is calculated the amount of flows for each entry.

Table 4: Sum of flows for each entry calculated for the case study

Sum of flows for each entry (gn)

Oh

anl =01+ 02+ Q3

gnl =362 + 588 + 76 = 1026

Onl = Qs+ Qs+ Qs

gn Il =46 + 418 + 92 = 556

On Il =7+ Qs+ Qo

gn Il =124 + 46 + 52 = 222

ghIV =010+ qu1+ g2

gnlV =106 + 18 + 94 =218
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Graph. 2. Flow from each entry
Then is calculate the conflicting flows.
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Table 5: Conflicting flows calculated for the case study

Conflicting flows (qc) Jc

Qc1 =04+ quot+ gu1
Qe =01+ Qg7+ Qs
Qe,n =01+ g2+ quo

Qeiv=0Qat+ 05+ Q7

Qe =46 + 106 + 18 = 170

Qe,i = 362 + 124 + 46 = 532
Qe,n = 362 + 588 + 106 = 1056
Qe v = 46 + 418 + 124 =588

Then we calculate the roundabout capacity for each entry, where the following table will help
us for this, which shows the values of the critical interval (tc) and the queue scaling time (t),
according to HCM recommendations.

Table 6: Critical interval (tc) and follow-up time (tf) according to HCM recommendations

Critical interval t¢ (s)

the queue scaling time t¢ (s)

Minimum value

4,2

2,6

Maximum value

59

4,3

Recommended values

51

3,2

Source: [4]

Then we calculate the capacity for each entry with the Highway Capacity Manual-HCM-
method:

_ qc'xxe—qc‘xxtc/3600r .
= T doxt e [Vehicle / h]

Source: [4]

Ch,x

170 X e—170 X 5,1/3600

Chi = T ———rrox3z7me00 = 9527 ~ 953 [Vehicle/h]

532 X e—532 X 5,1/3600

Chit =~ ——smrx3a/sese = 6644 ~ 664 [Vehicle/h]

1056 X e—1056 X 5,1/3600

Chiit =~ ——iosex3z/3e00 — = 388,5 ~ 389 [Vehicle/h]
588 x e—588 X 5,1/3600
Chiv =~ —s—sssx3ayese” = 627,9 ~ 628 [Vehicle/h]

Then we calculate the saturation level:
q
Xh,x = E
Source: [4]

And finally we calculate the service level according to time losses (sec / vehicle)
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3600 q
3600 C )Xz
Dy = —5—+ 900 X T><——1+

450 X T
Source: [4]
2 3600\ 1026
D —3600+900X025 o 026 1026 (953)X 953
Rl ™ 953 953 450 x 0,25
= 67,1[s/Vehicle]
3600 ‘J 556  \’ (2999)><§§9
556 556 664 ) ~ 664
Dni =g 7900 x0.25 xjee — 1+ (664 1) 450 % 0,25

= 26,98 [s/Vehicle]

[ , (3600 222
Dy =090 900 % 0,25 x |22 14 (222 1) +-(389)><§§§
R ™ 389 ’ 389 389 450 x 0,25
= 20,85 [s/Vehicle]
[ , (3600\ 218
D,y =29 g00x 025 x |28 1y (218 1) +(628)><€7§
RV 628 ’ 628 628 450 x 0,25

= 8,75 [s/Vehicle]

From these time losses we mean that the service levels for entries 1, 2, 3, and 4 are:

- Entry 1 - service level F

- Entry 2 —service level D

- Entry 3 —service level C

- Entry 4 —service level A
From the research done, Figure 5 shows the proposed roundabout, with the improvements. It
should be noted that the solution is not a long-term solution, but only as a preventive measure
so that this low-cost roundabout can be more functional for a while until a better solution is
made with deleveling.
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Figure 5. Dimensions of the proposed roundabout

Conclusions

Roundabouts are effective infrastructural adjustments made at intersections to better control
traffic. So roundabouts are a good solution for many intersections, including places where there
are traffic delays and where there are a large number of accidents.

A well-designed roundabout affects not only the circulation or traffic flow, but also the
environment, as pollution is reduced in that way.

The geometry of the roundabout can directly affect:

* the behavior of the driver;

 the safety on the roundabout;

* the loss of time while passing and with it also

 the reduction of environmental pollution.

In our analyzed case, it is necessary to intervene in this roundabout, since practically in some
directions we have congestion due to inappropriate geometry and, as a consequence, loss of
time (delay). In our analyzed case, it is necessary to intervene in:

» Near the two entry lanes, in addition to the vibration bars which are placed to slow down
vehicles before entering the roundabout towards Tetova, there should be an additional
lane arrangement, only for turning right towards the shopping center;

* In the direction of Tetova from the shopping center, there should be an adjustment of
the lane only for turning right towards the city center;

* In the direction of Skopje, from the exit from the gas station, there should be an
adjustment of the lane only for turning right towards the highway, and then it should be
connected to the lane to the highway;

» The inner diameter of the roundabout must still be expanded by at least one meter;

» The roundabout apron should be resized to one meter;

» There is a need to change or adjust the dividing islands in their geometry, where there
will be an improvement in pedestrian circulation and to better protect pedestrians from
collisions with vehicles;

+ Establishing even more pronounced and clearer signaling, whether horizontal or vertical
signaling, will significantly improve the behavior of drivers and other traffic participants
along the circulating trajectories.
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From the analysis of the roundabout — on the spot — it can be concluded that the exit traffic
flow at point 4 is in critical condition. With these changes, safety will increase in general, the
service level will increase, and time loss will be reduced in this roundabout, which is a black
point in the urban traffic of Tetova. This choice is not a long-term choice, but only as a
preventive measure so that this roundabout can be more functional for a while until a better
solution is made, which would be the leveling of this roundabout, which requires a completely
more serious approach for undertaking operations around its construction.
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