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This paper comprises development of entry capacity model to estimate entering vehicles from an approach of
roundabouts for mix traffic conditions in Nepal. Entry flow, circulating flow and other geometrical data were
taken from the roundabouts of cities like Chitwan and Itahari. The flow of the vehicles in these roundabouts,
were video recorded from a suitable vantage point, while the geometrical data of the roundabouts were
measured in the field. The data was analyzed through regression to formulate the entry capacity model from
relevant parameters. From the analysis, it was observed that entry capacity of roundabouts was dependent
upon the circulating flow in front of the corresponding entry flow, central island diameter, approach width and

Roundabouts, Entry capacity, Regression analysis, Nepal

1. Introduction

A roundabout can be defined as the form of an
uncontrolled intersection in which approaching
vehicles move around an island along with circulating
vehicles in a fixed direction and then leave out in the
direction of their desired destination. Roundabouts
offer efficient traffic operation and safe riding
conditions by reducing conflict points due to
improved geometry for a range of traffic flow
traversing through it. Therefore, roundabouts must be

carefully studied for its capacity and level of service.

However, due to few number of roundabouts in Nepal,
very limited studies regarding its capacity has been
carried out. Hence, the evaluation of the roundabouts
for its capacity has become very important. Different
studies and methods have evolved with time for
examining the capacity of roundabouts across the
world. All the developed methods can be studied by
grouping under three classes.

1. Weaving maneuver based analytical model
2. Gap acceptance model

3. Regression models

2. Literature Review

Wardrop (1957) [1] gave the equation for the
estimation of the capacity of the rotary for the first
time. This model was based on the weaving capacity
of the rotary and hence can be categorized as weaving
based model. = The model considered various
parameters like entry width, weaving length, width of
weaving section, ratio of the weaving traffic over total
traffic in rotary etc. IRC-65 (1976) [2] outlines the
method for the design of a rotary based on Wardrop’s
method. Hence, both these models estimates the
capacity of the weaving section to provide the
capacity of the roundabout.

Among critical gap based models the US based, HCM
2010 model [3], German models and Australian
models all use observations from the roundabout site
i.e. gaps in the roundabout between the two
circulating vehicles for the entering vehicles. The
HCM 2010 method proposes an exponential function
based on gap acceptance theory for evaluating the
entry capacity of single-lane and two-lane
roundabouts given in equation 1. The HCM-2010
suggests the critical gap and follow-up time values as
4.1-4.6 s and 2.6-3.1 s respectively in equations 2 and
3. For different set of entry and circulating lanes other
than standard roundabout the modifications for
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roundabouts is also provided.
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t. = critical headway

ty = follow —up headway

While, Highway capacity manual-2010 gives the
critical gap and follow up time for US conditions,

these may be different for other traffic conditions.

Indo - HCM 2017 [4] provides the capacity estimation
formulas based upon the equation provided in the
HCM-2010 using critical gaps and follow up times for
different diameter roundabouts which are presented in
the Table 1

Table 1: Critical gap and Follow up time Indo-HCM
2017

Diameter | Critical | Follow
D (m) Gap up C=A-el"8x0Q)
t. (s) time 77
20-30 | 2.01 151 | € =2384-(o00")
30-40 | 1.87 | 140 | C=2571- (om0
40-50 | 1.65 124 | € =2903- (o005
50-70 | 161 | 121 | C=2975.e(Tmn)

Similar studies to work out the entry capacity of
roundabout was carried out in Jordan, but with an
empirical approach by Al- Masaeid and Faddah(1997)
[5]. The model is presented in equation 4. The study
reached to an interesting conclusion that the
geometric variables like entry width of an approach
and the central island’s diameter had the greatest
effect on the entry capacity while other variables like
circulating lane width had the limited effect on the

entry capacity.
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= entry capacity, pcu/h;

= circulating traf fic flow, pcu/h;
= central island diameterm;

= distance between the entry and
near — side exit, m;

entry width, m;

circulating roadway width, m

In India, Rastogi et. al. (2017) [6] carried out similar
research and recommended the model as in equation 5

Qe

Q.
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D
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&)
= entry capacity, pcu/h;

= circulating traf fic flow, pcu/h;
= central island diameter, m;

= circulating roadway width, m

2.1 Research-objective

The objective of the research is to determine the
mathematical model to estimate entry capacity of
roundabout for Nepalese conditions.

2.2 Limitations

The entry flow in roundabout is affected by pedestrian

flow in the crosswalks near the roundabout.

The

pedestrian flow has been discarded in the analysis as
the pedestrian flow in these selected roundabout did
not offer much hindrance to entry of the vehicles.

3. Methodology

3.1 Study area

The study area included roundabouts of Itahari,
Chaubiskoti- Chitwan, Paras buspark- Chitwan. The
analysis provided in this study consist of hourly
volume data of these sites between 9:00 A.M to 12
PM during working days of the week between 20"
January to 10" February of the year 2021 by the
means of video graphic recording and the data has
been extracted by counting manually from the

recording.

35



Model development for entry capacity estimation of selected roundabouts of Nepal

The roundabout having following criteria were
selected for study

* Having four approach legs.

¢ Vehicular flow in the roundabout is free i.e.

uncontrolled traffic flow.

* Roundabout having a level gradient.

* Roundabout is free from the hindrance by
unwanted parking, bus stops.

3.2 Data collection and Processing

The volumetric flow of the vehicles entering the
roundabout has been collected for every minute of
these roundabout and also the circulating flow
entering the vehicles has been collected manually
from the recording.The recorded film was played on
the computer screen to extract the desired
information.

Since the traffic in Nepal is mixed, to make the
analysis significant, the vehicles were divided into
four different categories as motorized two-wheeler
(2W), motorized three-wheeler (3W), small car (SC)
or standard car, and heavy vehicle (HV). So, the
analyis is done in terms of Passanger car unit per hour
(PCU/hr) rather than vehicle per hour(V/hr).

The volumetric data so obtained in a minute is then

summed for a 60 min period to calculate (V60) i.e.

hourly volume for comparison purposes. The PCU
values for converting the heterogeneous traffic into a
homogeneous one are taken from Nepal Urban Road
Standard 2076 and research regarding Passanger Car
Unit(PCU) for Nepalese conditions done in Institute
of Engineering. For conversion into PCU, the
equivalence factors for two wheelers 0.25 PCU, autos
are 1.0 PCU and buses and Heavy Vehicles (HV) are
assessed as 3 PCU. The datasets consist of twenty
seven hour video recording of each four approaches of
Itahari Chowk, Chaubiskoti Chowk and Paras
Buspark Chowk roundabout of Chitwan for research
purpose. Of the twenty seven hour video , two-third of
the data is used for the formulation of the model and
while remaining datasets has been set aside for the
data validation purpose.

The following geometrical data of the roundabouts was
collected manually from the field.

¢ Central Island Diameter (D)
* Entry width (EW)

« Exit Width (Exit)

* Circulating Width(C.W.)

* Approach width (A.W.)

Figure 1: Geometrical parameters in a Roundabout
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The Figure 1 shows the geometrical parameters of the
roundabout.

The geometrical data of the Itahari Chowk roundabout
is given in Table 2. Dimensions are provided in metre.

Table 2: Geometrical parameters for Itahari Chowk
Roundabout

Biratnagar | Dharan | Mechi | Koshi

D 19.85 19.85 | 19.85 | 19.85
EW 5.8 8.3 1565 | 17.6
Exit 14.4 9.2 15.1 9.4
AW. 5 7.6 14.8 16.2
C.W. 11.2 11.4 11.2 11.2

The geometrical data of the Chaubiskoti chowk
roundabout is given in Table 3. Dimensions are
provided in metre.

Table 3: Geometrical parameters for Chaubiskoti
Roundabout

Narayan | Buspark | Rampur | Hospital
ghat Road
D 13.2 13.2 13.2 13.2
EW 11.78 12.4 8.2 6.2
Exit 11.6 13.15 11.65 11.8
AW. 9.65 7.87 5.1 5.57
C.W. 11.8 12.3 12.5 12.5

The geometrical data of the Paras Buspark Chowk is
given in Table 4 respectively. Dimensions are
provided in metre.
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Table 4: Geometrical parameters for Paras Buspark
Chowk Roundabout

Chaubis | Hetauda | Bypass | Bharatpur

koti Road | Buspark
D 9.85 9.85 9.85 9.85
EW 10.98 9.65 8.4 6.16
Exit 10.94 7.74 8.7 6.2
AW. | 10.52 9.1 8.15 5.85
C.W. 13.7 13.76 14.1 12.85

4. Analysis of Data

To identify relation between the variables co-relation
between the parameters has been checked and the
result can be seen below in the table 5. However, for
analysis all the data will be considered the choice of
the variables for the regression modelling is done by
considering the co-relation between the statistical
parameters.

Table 5: Correlation Matrix of Entry Capacity,
Circulating flow and geometric parameters

Qe | Qc D | CW | AW | Ew | Exit
Qe | 1.0
Qc | 0.7 | 1.0
D 09 | 09 | 1.0
CW | -08]-08]|-09] 1.0
AW | 06 | 06| 06 |-05]| 10
Ew | 03 |04 | 04 | 03| 07 |10
Exit | 04 | 0.5 | 05 | 05| 04 |02 10

4.1 Entry Capacity model

From the correlation matrix shown in the Table 5, it
can be seen that entry flow has a co-relation with the
central island diameter (D), circulating width (C.W.),
circulating flow (Qc), approach width (A.W) ,the entry
width (Ew) and exit width( Exit). Both, linear and non
linear regression was performed and the variables that
are non-significant in regression was discarded later
from the general model.

From the table 5 the general equation in linear form
can be written in the form of equation 6

O.=a+al«Qc+a2xD+a3xCW

+ a4« AW + a5« Ew + ab x Exit (6)

The general equation in exponential form can be
expressed as equation 7

Qe — b.efhl*QC . Db2
. PBHCW+bdx AWbS+Ew | 3 b6

(N

5. Analysis and Discussion of the
Result

Firstly, the nature of variation between the entry flow
with respect to various parameters considered in the
equation 6 and equation 7 like circulating flow,
approach width, circulating width, central island
diameter etc. has been examined through plots and
linear and exponential trend-line show the individual
affect of the variables on the entry flow.

5.1 Variation of Entry flow with respect to
Various Parameters

The variation of entry flow with respect to Diameters
is shown in the Figure 2. As the diameter of the central
island increase, the entry flow also increases.

Figure 2: Entry flow Vs Diameter of Central Island

Entry flow Vs Diameter
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The variation of entry flow with respect to Circulating
width is shown in the Figure 3. As the circulating
width increase, the entry flow values decreases.

The variation of entry flow with respect to Circulating
flow is shown in the Figure 4.

The variation of entry flow with respect to approach
width is shown in the Figure 5. As the approach width
increase, entry flow increases accordingly.

The variation of entry flow with respect to entry width
is shown in the Figure 6.As the entry width increase,
it is seen that entry flow also increases.

The variation of entry flow with respect to exit width
is shown in the Figure 7.As the exit width increase, it
is seen that entry flow decreases.
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Figure 3: Entry flow Vs Circulating width

Entry flow Vs Circulating Width

Figure 4: Entry flow Vs Circulating flow

Entry flow Vs Circulating flow

5.2 Linear Regression Analysis
5.2.1 Calibration of Linear Model

Linear regression analysis was performed using 18
hrs. of hourly volume data of entry flow, circulating
flow and other geometrical parameters of the
approaches. From the analysis, it was found that entry
width and circulating width did not have much affect
in the model. Hence, regression was performed
excluding these variables. The results of the linear
regression analysis is shown below:

Table 6: Regression Model

Coeff. Standard | t Stat | P-value
Error
Intercept | -2081.63 | 113.52 -18.34 | 4.69E-49
Qc -0.59 0.06 -9.95 | 4.97E-20
D 306.07 9.94 30.80 | 1.49E-89
AW 35.75 6.13 5.83 1.62E-08
Exit -58.80 8.41 -6.99 | 2.22E-11

The R squared-value obtained is 0.90 and the adjusted
R-squared value is 0.90. It can be said that 90 % of the
data can be explained by the model. From the analysis
of variance the F-value obtained is 605.15 which gives
the significance F-value as in Table 7 indicating that
the model is good.

Figure 5: Entry flow Vs Approach Width

Entry flow Vs Approach width
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Figure 6: Entry flow Vs Entry Width

Entry flow Vs Entry Width

The P- value of the selected independent variables is
well below confidence limit of 5 % indicating that
the selected coefficients are significant to the model.
Hence the linear model for the entry capacity is given
by the equation 8

0, = —2081.63 —0.59 * Oc +306.07 +* D+

35.75%A.W — 58.8 % Exit 8)

5.2.2 Validation of Linear Model

The remaining data were used to compare the output
from the models. The observed independent variable
were fed into the model to see the output of the model

Table 7: Linear Regression Statistics of the Model

Regression Statistics

Multiple R 0.95

R Square 0.90
Adjusted R Square 0.90
Standard Error 308.41
Observations 270

F 605.15
Signficance-F 6.50E-132
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Figure 7: Entry flow Vs Exit Width
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with respect to observed field values. Z-test was
performed to compare the datasets. Z-test analysis is
presented in the Table 8.

Table 8: Data Validation by Z-test Analysis

Qe(model) | Qe(output)
Mean 1445.84 1411.24
Known Variance 707901.2 1058525
Observations 146 146
Hypothesized Mean | 0
Difference
z 0.31
P(Z < z) one-tail 0.33
z Critical one-tail 1.64
P(Z < z) two-tail 0.75
z Critical two-tail 1.96

Since Z- value is 0.31 which is less than 1.96, the null
hypothesis that the difference of mean is zero is not
rejected indicating the datasets are not significantly
different within 5 % confidence limits.

5.3 Non-linear Regression Analysis
5.3.1 Calibration of Non-linear model

Non-linear regression analysis was performed using
18 hrs. of hourly volume data of entry flow,
circulating flow and other geometrical parameters of
each approaches. From the analysis considering all
the variables, it was seen that circulating width and
entry width were non-significant.So, the regression

analysis was performed excluding these variables.

The results of the non-linear regression analysis is
shown in the Table 9

The R squared-value obtained is 0.91 and the adjusted

Table 9: Non Linear Regression Model

Coeff. Standard | t Stat | P-value
Error
Intercept | -3.00 0.41 -7.29 | 3.57E-12
Qc -9.8E-04 | 0.00 -13.17 | 8.19E-31
In(D) 5.10 0.18 27.70 | 3.17E-80
AW 0.04 0.01 4.52 9.46E-06
In(Exit) | -1.17 0.12 -10.12 | 1.48E-20

Table 10: Non Linear Regression Statistics

Regression Statistics

Multiple R 0.91

R Square 0.82
Adjusted R Square | 0.82
Standard Error 0.40
Observations 270

F 304.52
Signficance-F 8.73E-98

R-squared value is 0.82. It can be said that 82 % of
the data can be explained by the model. From the
analysis of variance the F-value obtained is 304.52
which gives the significance F-value as indicated in
Table 10 indicating that the model is good. The P-
value of the selected independent variables is well
below confidence limit of 5 % indicating that the
selected coefficients are significant to the model.
Hence the non linear model for the entry capacity is
given by the equation 9.

0. = 0.0499 x o —0-00098xQ:+0.04xA.W.
e — U.

x D> x Exit ™'

©)

5.3.2 Validation of Non Linear Model

The remaining data were used to compare the output
from the models. The observed independent variable
were fed into the model to see the output of the model
with respect to observed field values. Z-test was
performed to compare the datasets. Z-test analysis is
presented in the Table 11.

Since Z- value is -0.02 which is less than 1.96, the
null hypothesis that the difference of mean is zero is
not rejected indicating the datasets are not
significantly different within 5 % confidence limits.
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Table 11: Data Validation by Z-test Analysis

Qe(model) | Qe(output)
Mean 1408.25 1411.24
Known Variance 1309308 1058525
Observations 146 146
Hypothesized Mean | 0
Difference
z -0.02
P(Z < z) one-tail 0.31
z Critical one-tail 1.64
P(Z < z) two-tail 0.98
z Critical two-tail 1.96

6. Conclusion and Recommendations

The volumetric count of the entry flows and the
circulating flow along with the geometrical features of
the roundabout was used to formulate an empirical
approach to estimate the entry capacity of the
roundabouts. Linear and non-linear regression was
performed among the parameters and from the
analysis following conclusions were drawn:

1. The model developed showed that both
circulating traffic flow and geometrical
parameters have significant effect on the entry
capacity . Hence, models considering both
factors are appropriate for traffic conditions like
that of Nepal. The model developed for the entry
capacity was seen to be significantly affected by
the parameters like circulating traffic, central
island diameter, approach width and exit width.

2. Linear model outputs were seen more closer to
the field observations than non-linear models.

In this study the PCU used is based on the Nepal
Urban Road Standard 2076 which is constant rather
than Dynamic PCU as suggested in the Indo-HCM.
The developed model hence can be used to predict
entry capacity of approach of four-legged roundabout
based on circulating flow and geometrical features for
mix traffic conditions with less hindrance to traffic flow
in roundabouts from external factors like pedestrians,
unwanted stops near roundabout etc.
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