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Abstract: The extreme growth rate of automobiles have caused considerable traffic overcrowding on roads and intersections and
it worsens at peak time traffic. An intersection which is not well designed, particularly traffic flow in Indian traffic scenario
which drivers do not keep distance as a gap and mixed up with each other at crossings, traffic congestion is likely to occur. This
causes many negative effects like pollution, delay and improper traffic management at crossings.

From the point of view of traffic safety, intersections act potentially dangerous places. It's believed that over half of the serious
road accidents and fatal in built-up areas occur at junctions, therefore, it is essential to design or re-design the intersections in a
further reasonable way.

Minimizing conflict points and smoothing the traffic stream or flow are objectives of this study which are achieved by means of
space and time-sharing.

This study focuses on different design options based on the traffic survey outcomes in bright of Indian Road Congress IRC code,
Highway Capacity Manual HCM

Keywords: Intersection, Conflict Points, Time Share, Space Share

I. INTRODUCTION

An intersection is where two or more roads join or cross at-grade. The intersection comprises the areas required for all means of
travel: pedestrian, bicyclist, motor vehicle, and transit. Thus, the intersection includes not only the pavement area, but typically the
adjacent sidewalks and pedestrian ramps. At the intersection there are through, turning and crossing traffic and these traffic
movements may be handled in different ways depending on the type of intersection its design and control of traffic. Generally,
intersection problems are unavoidable except in case of expressways or freeway systems where such problems are avoided by
providing grade separated intersection and controlled access. Signal control is a frequently used remedy of capacity shortage in
urban areas. A sufficiently accurate method of predicting the capacity of signalized intersections is important for correct road way
design and for effective traffic management. Signal control is generally considered to be the highest type of control possible at an at-
grade intersection. If the signal control plan is not designed properly, the signal control may become counterproductive. The ill
effects of improper signal plan can be congestion, undue delays, fuel wastage, air pollution, reduced intersection capacity and
tremendous inconvenience for the road user. To avoid such a situation, it becomes mandatory on the part of the traffic engineer to
study the traffic situation thoroughly, to understand it properly and to evolve the optimum cycle time and proper phasing to suit the
requirements of the traffic with due consideration to the location geometrics.

Intersections are a key feature of road design in four respects:

A. Focus of Activity
The land near intersections often contains a concentration of travel destinations.

B. Conflicting Movements
Pedestrian crossings and motor vehicle and bicycle turning and crossing movements concentrated at intersections.

C. Traffic Control
At intersections, movement of users is assigned, through traffic control devices such as yield signs, stop signs, and traffic signals.
Traffic control often results in delay to users travelling along the intersecting roadways.

D. Capacity
In many cases, traffic control at intersections limits the capacity of the intersecting roadways, defined as number of users that can be
accommodated within a given time period.
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E. Intersection Users
All roadway users are affected by intersection design such as:

F. Pedestrians.

Key elements affecting intersection performance for pedestrians are:

1) The amount of right-of-way provided for the pedestrian including both sidewalk and crosswalk width;
2) The crossing distance and resulting duration of exposure to motor vehicle and bicycle traffic;

3) The volume of conflicting traffic; and (d) the speed and visibility of approaching traffic.

G. Bicyclists.

Key elements affecting intersection performance for bicycles are: (a) the degree to which pavement is shared or used exclusively by
bicycles; (b) the relationship between turning and through movements for motor vehicles and bicycles; (c) traffic control for
bicycles; and (d) the differential in speed between motor vehicle and bicycle traffic.

H. Motor Vehicles.

Key elements affecting intersection performance for motor vehicles are: (a) the type of traffic control, (b) the vehicular capacity of
the intersection, determined primarily from the number of lanes and traffic control; (c) the ability to make turning movements; (d)
the visibility of approaching and crossing pedestrians and bicycles; and (e) the speed and visibility of approaching and crossing
motor vehicles.

I. Transit.

Transit operations usually involve the operation of motor vehicles (buses), and therefore share the same key characteristics as
vehicles as outlined above. In addition, transit operations may sometimes involve a transit stop in an intersection area, thereby
influencing pedestrian, bicycle, and motor vehicle flow and safety. Additionally, in some cases, the unique characteristics of light-
rail transit must be taken into account. In addition to the users of the street and intersections, owners and users of adjacent land
often have a direct interest in intersection design. This interest can be particularly sensitive where the intersection is surrounded by
retail, commercial, historic or institutional land uses. The primary concerns include: maintenance of vehicular access to private
property; turn restrictions; consumption of private property for right-of-way; and provision of safe, convenient pedestrian access.

Il. OBJECTIVES OF STUDY
A. The Obijectives of This Study Are
1) To minimize the number and severity of potential conflicts.
2) To suggest recommendations for better performance of intersection.

I11.DATACOLLECTION
For better understanding of the current situations at the site and for getting the required true data, following surveys are being done:
Geometry survey to have all the required dimensions of the intersections facility such as width of all approaches of Intersection,
shoulders, pedestrian sidewalks, motorcycle lane etc. Traffic volume survey at all legs of Intersection for 12 hours from 08:00am to
08:00pm using video graphic survey technique for two consecutive days at Trikon Baug 3-leg intersection with the help of a camera
installed on a three pod at a height building to cover all approach’s traffic entering to the intersection has been done.

A. Data Extraction

Then the extraction data processes have been started after completion of data collection, traffic entering in the intersection is
counted in each 10 minutes’ interval of time in two categories: As far as the type of traffic is concern there are 8 different type of
traffic which has been counted so far for first intersection (Trikon Baug) as per IRC-86-1983.
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Date: 05/01/2018
Surveyor Name: Ahmad Reshad Aziz
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Fig. 5. Evening peak hour traffic volume proportion (%) Fig. 6. Morning & evening peak hour traffic volume (PCU)

B. Summary of Data Extraction
Peak periods are between 08:00am to 12:00pm and from 04:00pm to 08:00pm. Traffic on approaches are unequal in numbers as
well as in type.
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Traffic volume proportion which are passing selected intersections consist of:

Two — Wheeler (40 to 60) %

Personal Car, Auto Rikshaw (25 to 40) %
LCV (0to 5) %

Bus and Truck (0 to 10) %

HCV (0-3) %

Bicycle (0-1) %

Pedestrian (0 - 3) %

IV.DESIGN OF THE INTERSECTION

The traffic flow situation can be evaluated through finding the capacity and level of service, as stated at the topic of the capacity and
level of service for Trikon Baug 3 — Leg intersection is calculated as below:

Major Road
Vph
9240 2014

L

e— 1661

= 1106

A7,

44 K
7.
Yor s, ‘3

Major Road
pcph
723 1500

\L g

vz v3
V7

— 1122

Vg 809

Fig. 7. Traffic volume and movements

TABLE | INTERSECTION CAPACITY AND LEVEL OF SERVICE CALCULATION

Volume Adjustment

2 3 4 5 7 o Movement no.
240 2014 1391 744 1661 1106 Volume (vVph)
NA NA 542|NA 1122 809 Volume (pcph)
Step (1) LT minor street | AV4=]
1 —
Conflicting flow VVc 2 Vs + Va=Veo
a1
= 2014 +~ 940 — 1947 |vph
Critical Gap Tc Table (111-2) 5.1 sec
Potential Capacity Cp fig (111-2) Cpo = 156 (pcph)
VO 100 =222 . 100 = 100 2
Percent of Cp Utilized cCpo 156
Impedance factor P (fig 111-4) Py = O
Actual Capacity Cm Crno = Cpo=156 pcph
Step 2 RT from major road ' /a4 )
Conflict flow Vc Vz + Vo=V, = 2014 + 940
Vo, — 2954
Critical Gap Tc Table (111-2) 4.8 sec
Potential Capacity Cp fig (111-2) Cpa. = 50 (pcph)
va
* 100 —= 100%0
Percent of Cp Utilized Cp4a
Impedance factor P (fig 111-4) P, = O
Actual Capacity Cm Crna = Cpa=50 pcph

Step 3 TH from minor road

‘—->

:—ZL Vs +~ VUV, +Vg +V,=V_-

V7))

Conflict flow VVc

% 2014 +~ 940 +~ 744 +— 1391

— 2691 vph

Critical Gap Tc Table (111-2)
Potential Capacity Cp fig (111-2)

5.4 sec
Cpz = 50 (pcph)

* 100 — = 10020
Percent of Cp Utilized (CP7

Impedance factor P (fig 111-4)
Actual Capacity Cm

P, — O
Cornrs = Cpr * Pp=

O pcph
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TABLE Il INTERSECTION CAPACITY AND LEVEL OF SERVICE CALCULATION

Capacity Calculation of Un-signalized
Movement V (pcph) Cm (pcph) CR=Cm-V LOS
7 1122 0 -1122 F
9 809 156 -653 F
4 542 400 -142 F

The above table shows that this 3 — leg intersection also needs to be redesign for finding out a solution for smoothen the traffic flow,
based on the approach traffic, there is need for approaches widening but, since the intersection surrounding land is occupied and its

private land widening of the road is not possible therefore, the traffic flow can’t be smoothening, thus we have to evaluate another
option.

Current Situation
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Fig. 8. Autocad drawing of Trikon Baug Intersection

V. DESIGN OF ROUNDABOUT FOR TRIKON BAUG 3-LEG INTERSECTION:
As one of the objective of this research work is reducing conflict point so the bellow illustration shows that design of a roundabout
for 3 — leg intersection will reduce the number of conflict point from 9 points to 6 points.

NW

NE ) B

@® Merging @® Merging

® Diverging ® Diverging

Crossing Crossing

Fig. 9. Autocad drawing of Trikon Baug Intersection
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A. Roundabout design Based on the Traffic Volume at Trikon Baug 3 — Leg intersection:

Design speed accepted 30 Kmph

Entry Radius 15 to 25 m. (General practice) accepted 15m.

Exit Radius 1.5 to 2 times of entry radius

Exit Radius = 22.5 m (because of pedestrian)

Central Island Radius is theoretically equal to the entry radius =15 m

1) Width of the rotary: Based on IRC the 3-lane width of approach 10.5m should have entry width 7 m and exit width 7.5 m. As
per IRC minimum weaving length 30m for speed of 30 kmph.

2) Capacity: The capacity of rotary is determined by the capacity of each weaving section Transportation Road research lab (TRL)
Proposed this empirical formula to find the capacity of the weaving section

B. This formula is Applicable When
1) Weaving width of the rotary is in between (6 and 18 meters).
2) The ratio of average width of carriage way of entry and exit to the weaving width is in the range of 0.4to 1

C. Average Width of the Carriage way at Entry & Exit to the Weaving Width

1) The ratio of weaving width to weaving length to be between 0.12 to 0.4

2) The proportion of weaving traffic to non-weaving traffic in the rotary is in the range of 0.4 and 1
3) The weaving length available at the intersection is in between 18 and 90m.
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Thus, the proportion of weaving traffic to non-weaving traffic is highest in the NE- S direction. Therefore, the capacity of the rotary
will be capacity of this weaving section.

From equation;

Since the capacity of the rotary intersection is too less than the traffic volume therefore we need to find another solution which time
is share with the help of traffic signal.

Table I Design Of Roundabout For Trkon Baug 3-Leg Intersection

Description IRC Rec. HCM Rec.

Accepted Design Speed 30 Kmph 30 - 50kmph

Entry Radius (General Practice) 15t025m 15-30m

Exit Radius 1.5 to 2 times of entry radius 30m Not less than 15m, 30 — 60m is common
Centre Island R is 1.3 times the entry R 15m 16m

Entry Width 7m 5.5m

Exit Width 7.5m 5.5m Pedestrian/ 7m without pedestrian
Weaving Width 10.75m 7

Weaving Length 30m Inscribed Circle Dia 30m

Capacity after calculation as per roundabout dimensions will be 2851 PCU/hr which is too less than traffic volume

Toward Jawahar Chowk

200
750 (@825 /200
T T

Exit Radius

-
— —
C e *—-8
|~ —
Entry Radius é o
=~ ©
=

Toward Lakhaji

Fig. 10. Designed Roundabout for Trikon Baug Intersection
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VI. DESIGN OF TRAFFIC SIGNAL FOR TRIKON BAUG 3-LEG INTERSECTION.
Three phase traffic signals are defined for the intersection for further calculation.

N From NwW NE S
A/ To NE S S NW  [NW NE
Given Flow
1500 723 809 | 1122 821 542
PCU/hr
Ph1l Total Flow 2923
Phase 1
lfl"’:v‘:lrat'on 626*7.5=4695
Ph2 Y — NE
F vyl 2223/4695=0.47
Total Flow 1931
Phase 2
Ph 3 Saturation 626*10=6260
Flow
y2 1931/6260=0.31
Total Flow 1363
Phase 4
Saturation 626*7=4382
S Flow
va 1096/4382=0.31
Y=1.09
Lost time:
Effective Green Time= 128 — 12 = 116 second
second
34 second
Effective green time after correction is also = 118 second
Vehicular
Leq toward the intersection
Phase 1 | 5 | 69 [ 7|
Pedestrian Leg from the intersection
12 15 | 8 |
Leq toward the intersection
Vehicular
Leq toward the intersection
Phase 2 | 47 | 15 | 3 |
Pedestrian Leg from the intersection
| 58 | i | 15 |
Vehicular
" Leq toward the intersection
Phase 3 | 8 | 15 |
Pedestrian Leg from the intersection
| ¥ | 2 [ 7|
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Evaluation of traffic signals for Trikon Baug 3-leg Intersection after 10 years Traffic growth rate Traffic growth rate can be
estimated: Formula of Finding Future Traffic: In case of Trikon Baug 3-leg intersection the future traffic after 10 years will be:

= 16191 VPH

The traffic volume of the mentioned intersection looks to be more than capacity of a signalized intersection after 10 years.

Thus, the intersection should enhance to a great separated intersection so that it can handle traffic in an efficient way.

Evaluation of traffic signals for Trikon Baug 3-leg Intersection after 10 years

From NwW NE S
To NE S S NwW NwW NE
Given Flow
PCU/hr
Total Flow
Phase 1
Saturation
Flow

yl 4232/4695=0.9
Total Flow
Phase 2
Saturation
Flow

y2 3154/6260=0.5
Total Flow
Phase 4
Saturation
Flow

v4 2192/4382=0.5

2982 | 1250 | 1332 | 1822 1205 987

4232

626*7.5=4695

3154

626*10=6260

2192

626*7=4382

Y=1.9
Lost time:

Thus, this option is not valid.

Since Y>1 modified Webster’s formula is applicable

As it’s a long time for a cycle of signals and it’s not Practically possible.

So, a suitable type of grade separated solution should be evaluated for solving the problem of the intersection in the future.

VII. CONCLUSIONS

A. Level of service for both lanes of minor road approach is F and a right turn from south to NE is also F, the intersection needs
some enhancement to be considered, one of those enhancement factor could be widening the approach width and redesign
curvatures base on IRC recommendations, in this 3 — leg intersection also lands is not available, widening of the approaches
width and redesign of curvatures are not possible.

B. The research designed a roundabout to reduce the number and severity of conflict points from 9 points to 6 points but, due to
large number of traffic (traffic volume) the implementation of roundabout is not recommended for this intersection since, a
rotary intersection can handle maximum traffic volume up to 3000 PCU/h but the actual traffic volume at the Trikon Baug
intersection is 5521 PCU/h which is higher than that.

C. Minimizing the number and severity of conflict point and smoothen the traffic flow is also possible by time sharing, the
research result shows that sharing time by applying traffic signal system, can reach us to our objectives which is mentioned
before.

D. A traffic signal with the effective green time equal to 118 seconds in 3 phases has been suggested for regulating current traffic
at Trikon Baug 3 — leg intersection.
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Calculation result shows that after 10 years due to increase in number of vehicles at all the cities of the country specifically in
Rajkot city signal system won’t be able to manage the traffic as the ratio of volume to capacity Y>1.
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