Aot

_g’ \3;@

: Iﬂ”‘;@ International Journal of Scientific Research in Engineering and Management (IJSREM)

Volume: 06 Issue: 12 | December - 2022

Impact Factor: 7.185 ISSN: 2582-3930

Capacity of Roundabout, Performance & Analysis - A Review

Mohd Araslan?, Kamal Kumar?, Vishal Kumar3, Mohd Awaish Ansari4, Hasan Raza5

1Department Of Civil Engineering, Bansal Institute of Engineering & Technology-Lucknow, U.P, India
2Department Of Civil Engineering, Bansal Institute of Engineering & Technology-Lucknow, U.P, India

3Department Of Civil Engineering, Bansal Institute of Engineering & Technology-Lucknow, U.P, India
*Department Of Civil Engineering, Bansal Institute of Engineering & Technology-Lucknow, U.P, India
sDepartment Of Civil Engineering, Bansal Institute of Engineering & Technology-Lucknow, U.P, India

Abstract - This paper addressed the various capacity model
and analysis of roundabouts. Specially in India the
performance and geometry of roundabouts is unstable due to
the huge amount of traffic influx. While comparing the
various capacity model based on Gap-acceptance theory, and
define the LOS and layout of the roundabouts the modified
Tanner capacity formula can be used while calculating
Roundabouts capacity because it is based on the both gap-
acceptance theory and geometric of roundabouts. Analysis &
Design of junction capacity of roundabout swept path analysis
is more important.
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1. INTRODUCTION

A roundabout is a specialized form of at-grade
intersection where vehicles from the converging arms are
forced to move round a central island in one direction in
orderly and mobilize manner and move into their desired
direction [1]. Roundabouts are widespread in Europe and
Australia and have recently become accepted in the India
and other countries. Roundabouts act as traffic lights at
intersections with little traffic. you have less lag and
better Handle at heavy left turn intersections, reduce
casualties and slow down oncoming traffic Intersections
offer low maintenance costs and landscaping
opportunities within the central island [2]. In contrast of
Roundabout most often design neglect the swept path
analysis, swept path analysis is one of the most important
design things for any intersection design, and
roundabouts. Due to improper design of intersection and
roundabouts, there are 415 deaths per day in india was
recorded by road transport highway ministry of India [3].
The purpose of sustainable infrastructure is to protect the
environment and conserve resources given the intended
needs, benefits and costs. Roundabouts can achieve
sustainability goals by eliminating energy needs and the
accident, making traffic flow more efficient compared to
other intersection applications such as traffic lights and
all-way stop control [4]. The previous study and analysis
were found that operational performance of a roundabout
and 3-4 leg intersection was unstable at their maximum

capacity, both the type of intersections was not fully
operational due to the heavy volume influx into the
roundabout [5]. Analysis & calculation of junction
capacity of roundabout and swept path analysis is
important, many of factor allied as traffic delays,
operational cost, level of service, accident &
environmental problems [6]. [7] Nowadays intersections
are continuously replaced by roundabout, and the
alignments plays a important role in roundabout design
like swept path analysis and the sight distance etc.
However, alignment play an impact role on the
geometric design of roundabouts.
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Fig -1: Roundabout

1.1 DRIVER BEHAVIOR PARAMETERS

The geometry of roundabouts is based on several aspect
and the driver behavior is one of them there is following
parameter which taking account while Design & analysis of
roundabout [1]

Classification of Gap-Acceptance:

Gap allowance parameter Affected by the shape of
the entry. These parameters are Circulating flow rate
and measured in seconds.
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e Critical gap:
The critical gap is defined as the minimum distance
for circulating flow that allows entering vehicles to

safely enter the roundabout provided all entering
drivers are consistently homogenous.
Fig -2: Entry & Circulating Headway and Gap

o Gap:

A gap is the time span between two successive
circulating vehicles that create conflict with an
entering vehicle

e Headway:

The time between two following vehicles and it is
measured from the first vehicle’s front bumper to
the second vehicle’s front bumper.

1.2 PERFORMANCE PARAMETER

e Level of Service (LOS):

Level of Service (LOS) of transportation facilities
is a concept introduced to associate the quality of
transportation service with a particular flow rate.
Levels of Service are introduced by Highway
capacity manual (HCM) to indicate the level of
quality that can be obtained from a facility under
various operating characteristics and traffic levels.
LOS is expressed in terms of average delay per
vehicle.

e  Swept path analysis:

Swept path analysis is a digital vehicle steering
process for reviewing proposed or existing road
layout to see if the layout can accommodate the
heaviest vehicle and for its complexity. Unless there
is specific preference on the part of the client or
local government, it is important that the design
consultant confirms sweep path for at least one fire
engine, ambulance, and multi-axel tractor unit.

Table -1: Level of Service for different Dela
LOS Average Delay ‘d’ per Veh
in sec

[Source: CRRI (2017) “Indian Highway Capacity
Manual (INDO-HCM)”]

2. LITERATURE RIVEW

Shivam Shukla (2017) evaluated roundabout capacity
using three different roundabout model which are
TANNER MODEL, NCHRP MODEL and GERMAN
MODEL. The capacity analysis entire based on gap
acceptance method, adopted by Tanner based on the
HCM 2010, and found that the condition of roundabout
in urban and sub-urban areas in India is highly crowded
during peak hour period. Hence need to the design &
analyze the geometry of roundabout.

Abdul Awwal, Aarish khan (2020) discussed & analyze
the performance of roundabout and 3-leg intersection
using SIDRA INTERSECTION, situated in Aligarh city
and found that the maximum capacity and level of
service (LOR) is not satisfactory for huge amount of
traffic influx and also volume to capacity (V/C) ratio of
both intersection and roundabout are not stable condition.

Young-Joo Lee, Wonho Suh et. al. (2018) analyzes the
Roundabout capacity by mathematical modelling and
microscopic simulation using VISSIM and found that the
capacity is dependent on gap acceptance model and the
result was found based on simulation data and
mathematical model, that Highway capacity manual
2010 (HCM2010) Underestimate approach capacity for
turnaround rates of less than 500 veh/hr to 800 veh/hr
depending on minimum gap time & overvalue the
approach capacity for flowing volume greater than 700 to
over 900 veh/hr depending on minimum allowable gap
selected and his team overestimated approach capacity
for turnaround time.

Md Sameer Sohail et. al. (2020) performs the analysis on
4-legged Roundabout intersection using SIDRA
INTERSECTION software, situated in Hyderabad, and
found that the roundabout has high traffic volume during
peak & off-peak hours period and also unstable level of
service (LOR) at the arrival legs varies from C to F.
Hence, he suggested redesigning the roundabout. After
the review this paper it is clear that geometric design of
roundabout, and taking Capacity in account is more
important & also level of service (LOR).

Sime Bezina et. al. (2019) the study was determined
impact of arrival axis rotation on the design of
roundabout. Authors was carried the research and taking
the theoretical example in account with different radius
(Rv = 15, 17.5, & 20 m) for roundabout and found that
the maximum rotation angle value depends on the radius
size (Rv), so we say that when the size of radius increase
then the possible angle of rotation of approach axis is

A <5 also increase.
B 5<d<15
C 15<d<20
D 20<d<35
E 35<d <65
F > 65
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3. EXISTING METHODS TO ANALYZE THE
ROUNDABOUT CAPACITY & PERFORMANCE

There are two different methods or theories are uses nowadays
to analyze the Roundabout capacity.

1) Empirical method
2) Analytical method

Empirical method covers the:

e UK model and NCHRP report model
e  German Model

Analytical method includes the:
e Tanner Capacity Model HCM 2010 model.

The capacity analysis using tanner formula based on HCM
2010 and model present in (NCHRP) Report 572 is based on
Gap-acceptance. In this paper the capacity of roundabout is
reviewed based on HCM 2010, this capacity model is simple
compare to another complex model, the model discussed
below are used internationally. The exponential regression
form is suggested for the entry capacity at single-lane
roundabouts:

C=1130%eXP(—0.0010XVC) teerrrurerenrenrercaseessancsnens (8]
where
C = entry capacity (pcu/h)
V¢ = conflicting flow (pcu/h)

Above equation can be calibrated using locally measured
parameters as follows:

C = AXEXP (B X VC) teeenrriinriarerinrencescncsensancssnsnns (2)
Where
C=entry capacity (pcu/h)

A = 3600/t

B = (t—t/2)/3600

V¢ = conflicting flow(pcu/h)
ts = follow -up headway (s)
tc = critical headway (s)

Entry Capacity Equation: after calibration

C = 2384* EXP (-0.00035 * VC) wvverververrenens 3)

e |IRC: 65-2017 have discussed the formula to
estimate the capacity of roundabout:

0p =280w (1+5) (1-2)+ 142 (3)

Where

Qp = Capacity of the weaving section of the
roundabout in passenger car units, PCU/h

w = width of the weaving section in meters

e = average entry width of the roundabout in meters

| = length of the weaving section between the ends of
the channelizing island in meters

p = proportion of weaving traffic, i.e., ratio of sum of
crossing streams to the total traffic on the weaving

length of weavng sectin

Esit ngle

Fig- 3 weaving traffic use in capacity formula while
calculating of value P (Source [9]).

section

b+c

P e ¥b+tc+d

Young-Joo Lee (2018) discussed and performed the
mathematical model using HCM 2010 for the single lane
roundabout.

Ce, pee = 1130€ (10" 1073) vC, PCE ..oivvviiieiieii 4)
The same equ. Can be use in roundabout with single circular
roadway and two approach lane.

Tanner (1967) introduced a capacitance formula for signal
less intersections. This formula has also been used in some
studies to estimate the capacity of roundabouts, as
roundabouts are intersections without traffic lights. Here is the
model formulation:

_3600.Vc.(1-AVc).elVeT-0)
Qe - 1_exp(—VC.T°)

Where —
Q e = entry capacity (veh/h),
Vc = circulating flow in front of the entry approach (veh/h)
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A = headway between the circulating vehicles (s)
T = critical headway (S)
T 0 = follow-up time (s)

4. CONCLUSIONS

A concise study into various capacity of model and
performance analysis for roundabout, intersection has been
provided which is based on the review. After the study we
found that most of the roundabouts are unstable due to
improper geometry, especially in heterogeneous traffic
condition, there is no proper study on roundabouts capacity
and performance analysis because of geographical condition.

e IRC: 65 -2017, recommended a formula for the
capacity of the roundabout which focused on
capacity of each weaving section but this formula has
certain amount of limitation based on percentage of
traffic on weaving section and layout geometry of
roundabout.

e The capacity analysis using tanner formula based on
HCM 2010 and model present in (NCHRP) Report
572 is based on Gap-acceptance and has limited
application because it is only of single-lane
roundabout.

e Calibrated & modified Tanner capacity formula can
be used while calculating Roundabouts capacity
because it is based on both gap-acceptance theory
and geometry of roundabouts.
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