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Abstract— Infrastructure project has direct positive impact on the growth of nation and local economy of the country. Despite of
this fact, infrastructure projects especially in the urban areas generates serious environmental nuisances for the surrounding
communities and have unintentional adverse impact on their surrounding environment. These adverse impacts on the
neighboring communities are known as social cost. Social cost is widely acknowledge but are rarely considered in design,
planning or bid evaluation phases of construction projects in India. It is difficult to quantify in monetary terms but some attempts
are made, which gives a very significant value of total social cost and is consumed by travel delay only. This paper focuses on
the evaluation of significant percentage of travel delay cost associated with Pune Metro Infrastructure Project. A study is
conducted for a span from PaudPhata to Nal Stop and Nal stop to Khandoba Chowk, where an attempt is made to quantify the
social cost associated with travel delay for four wheelers and two wheelers only. The results shows that the traffic flowing from
PaudPhata to Nal Stop and vice versa, had generate nearly up to 7.02% of social cost, whereas for the span from Nal Stop to
Khandoba Chowk and vice versa have given value of 5.22 % to the total cost of construction for the estimated construction
period of 3 years. This social cost is born by communities travelling through the study span, so to minimize the social cost some
measures are to be taken.
Index Terms— Social cost in India, Travel Delay associated with traffic, Pune Metro Infrastructure, Construction Project.
——————————  ——————————

1 INTRODUCTION
The infrastructure of any city will include bridges, roads,
local railways, metro, etc. These infrastructure projects are
based on the public demand of traffic to decrease congestions
as well as to decrease the travel time. These public demands
are first to be evaluated on the basics of Technical feasibility
and Socio-Economical feasibility. If the project satisfies the
terms of technical feasibility as well as socio-economic
feasibility then the project is approved. The technical
feasibility and socio-economic feasibility is evaluated from the
―Manual of Economic Evaluation of Highway Projects in
India‖ (IRC SP. 30, 2009).
As the infrastructure project starts to executes, it will also
initiate the problems which will be borne by the public
surrounding the construction zone or which will come across
it. Tolga Celik in his paper, has mentioned about the various
side effects of the construction activity, he has also classified
these side effects into four categories which are traffic,
pollution, economic and ecological side effects. Andrew
Gilchrist has given a term named ―Construction Impact
Assessment‖. The term ‗construction impact assessment‘
describes the process associated with the protection of the
natural and built environments in the face of pending
construction activities. This process contains three key steps,
namely: (I) identification of relevant adverse impacts; (II)
evaluation of the costs associated with these impacts and (III)
————————————————
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a set of measures to mitigate these impacts. He has also
metioned the different methods to mitigate this impacts and to
give them in monetary terms. metioned Travel delay is one
the most occurring impact of infrastructure project. Travel
delay is the delay occurred when the current traveling time is
greater than the past traveling time at a constant distance. The
underlying goal of a roadway facility is to ensure that the
demand is not greater than the supply or that the number of
vehicles using the given road can be accommodated by the
road capacity. In practice, many roads operate below capacity,
except at peak hours for some high traffic volume facilities,
and traffic delays are not a common occurrence. However, in
some instances (i.e., construction, maintenance, and accidents),
delays cannot be avoided. These delays can vary in
magnitude; however, whenever traffic is stopped, a significant
amount of time will be lost. This significant amount of time
lost due to construction activities is known as travel delay
associated with traffic. In this paper the evaluation of the
travel delay cost associated with the traffic is evaluated and an
attempt is made to give a set of measures to minimize this
travel delay cost. A site taken for this study is of Pune Metro
Infrastructure Project Line 2, span from Nal Stop to Paud
Phata and vice versa.

2 REVIEW OF TRAVEL DELAY STUDIES
Tolga Celik has mentioned that the highway renovation
projects directly affect the traffic, and cause social costs to the
road users due to the reduced speed, lane closures and
alteration of traffic circulation patterns. However, the
construction projects in urban areas can also affect the traffic;
therefore, the construction social costs related to traffic should
be considered not only in highway renovation projects but
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also in the construction projects in urban areas. Andrew
Gilchrist has given in his paper about Delays occur due to
reduced speed through the construction zone, lane closures
and alteration of traffic circulation patterns. Off road
construction sites in urban areas also create barriers to
movement due to the additional movement of heavy trucks
and equipment in and out of the site and in some cases
changes to previously established traffic patterns. Adverse
impacts associated with traffic disruption include prolonged
closure of road space, detours and utility cuts. He has also
mentioned some methods to calculate the social cost. This
formulas are based on lane rental method.
Cost = A + {(t1 X B1) + (t2 X B2)}

where A is the direct cost of the project, t1 and t2 are the
bidder’s estimates of lane closure times during peak and off-peak
periods, respectively, and B1 and B2 are the owner’s assigned
lane closure costs during peak and off peak periods, respectively.
John C Matthew and Allouche has mentioned the formulas to
calculate the social cost, which was derived with the reference of
HCM manual. Based on this formulae the case study was carried
out and the result shows that the travel delay accounts up to 55%
of the total social cost. In another paper they have designed a
social cost calculator, which will help in calculating the social
cost. The formulas are already fixed in the software and only the
input data is required.
The HCM manual is helpful to deduct the passenger car unit
for different vehicle class. The latest HCM manual is taken for
the study. The IRC SP 30 has given the road user cost in which
they have mentioned about the travel delay cost and vehicle
operational cost. They have also mentioned the formulas
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regarding it. The WPI index is mentioned in the manual, which
will help to calculate the future value of the road user cost.
The Pune Metro detailed project report has help to collect the
information such as occupancy survey of car and bike, the cost of
the project and the per km cost of the project over line 2. The
traffic management policies are also mentioned in it, these
policies are more in the favor of contractor and the effects are
borne by the society under influence. There are no limitations
particularly mentioned for the traffic or there are no penalties
regarding it.
In this paper, the impact of the construction activities
associated with the traffic is identified and the travel delay is
observed over the case study. The parameters related to the
travel delay are identified and are calculated on site.

3. STUDY METHODOLOGY
Construction activities have many side effects on the
commuters, one of them is travel delay. Travel delay is the
delay caused when a commuter is moving from origin to its
destination and it faces decrease in speed due to lane closure
near construction zone or any other construction activity. This
decrease in speed will eventually increase travel time of a
commuter. This increased time is called as Travel Delay. All
the commuters passing through that construction influence
zone will face travel delay up to some extent. When this travel
delay for all the commuters is calculated in terms of cost it is
known as social cost associated with Travel Delay. This
evaluation of social cost is taken into account at project site
that is from Paud Phata to Nal Stop.

126
IJSTR©2019
www.ijstr.org

INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 8, ISSUE 08, AUGUST 2019

Social cost associated with travel delay can be calculated as
follows Travel Delay Cost = [(Average traffic Volume per Day
* Occupancy of Vehicle Class) * per capita Income * Delay per
Day] * Estimated Duration of Completion of Project
•

To calculate the average number of commuters, traffic
count is to be calculated at project site. The traffic count is
taken for the traffic flowing from Paud Phata to Nal stop
and vice versa. Traffic survey is done in day time from 8
AM to 10 PM for a complete week considering only
working days. This will give us the Average PCU per day
for every direction of traffic.

•

To evaluate the Average travel delay, we need to know
the past travelling time and the present travelling time.
Present travelling time can be evaluated from moving
observer vehicle method. The past travelling time is
assumed to be time taken for vehicle to travel in off peak
period. By assuming the past time as the present off peak
period time, and the present travelling time, travel delay
can be evaluated.

•

The value of time depends upon the person whether he is
a business class or a farmer or a vendor, depending upon

4. CASE STUDY
A. Introduction to Site
As the traffic congestion goes on increasing day by day in
the urban areas that is of Pune in India. It was seen that this
increase in traffic will eventually reach its limit and the road
capacity is not enough to regulate this traffic, therefore a Pune
Metro project was proposed at the PMC and PCMC. This
projects estimated duration of completion is from 2018 to 2021.
For this paper the Reach 2 line that is from Vanaz to Ramwadi
is taken for survey. This line 2 is of 14.925 Km and the cost is
about 1925 crores excluding taxes and land. The construction
work is on the span from Vanaz to Khandoba Chowk,
therefore the preliminary survey was conducted on this span.

B. Preliminary Survey
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annual income of a person his value of time is taken.
Traffic as a whole comprises of various classes of people.
So to counter this problem an average value of time is
taken. Pune generates a large amount of GDP as a whole
therefore the per capita annual income of Pune is also
high that is Rs-22,817.
•

At last after calculating the social cost this cost may show
some significant result when compared with cost of
construction. A total analysis is to be performed
comparing social cost associated with travel delay, with
the total cost of construction.

Social cost will show its significance in terms of cost but to
consider it at the time of construction is quiet difficult and
without consulting with expertise it can‘t be included. So a
survey is to be conducted which will give possible solutions to
counter the social cost. This survey will include the interview
of various expertise from traffic related field as social cost is
associated with travel delay only. This expertise will give their
suggestions and those suggestions after analysis will provide a
possible solution to counter Social cost associated with travel
delay.

traffic was noted. This gives the specific intersection where the
traffic is congested for more time than at any other
intersections. It also give the peak hour for every intersections.
The second study was to find the travel throughout the span
for every 1 hour of interval and note the time taken for
travelling at each interval. This method will allow us to find
the two intersection points where the travelling time is more at
peak hours. From this preliminary survey it was observed
that the Nal stop is the most congested square and the peak
time is more at the Nal stop. The span at which the travelling
time is more is from Paud Phata to Nal stop and Khandoba to
Nal

5. RESULTS AND ANALYSIS
A. Traffic Count Analysis

The objective of the preliminary work is to find out the most
congested square on the span from Vanaz to Khandoba chowk
and to find out the peak hour at that square. In this
preliminary survey the two survey where carried out. The first
survey is a study of google heat map. In which the total span
is divided into different intersections points and it was
observed throughout a day and the frequency of the heavy

There are seven sections from A to G and for every section
traffic is being calculated. Traffic is represented in terms of
Average PCU per day. To calculate the Average PCU per day
we need to calculate the total count of traffic for every vehicle
class. The PCU factor for every vehicle class is mentioned in
the HCM manual. This PCU factor will be used to calculate the
total PCU of every section for a complete week. At last the
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average is taken to calculate Average PCU per day for every
section.
As per the data collected from the traffic survey at Nal Stop, it
was seen that the maximum percentage was covered by the
two wheelers it ranges between 48.64 to 67.82, while cars
composition percentage ranges between 17.53 to 26.47, while
Auto Rickshaws composition percentage ranges between 8.52
to 21.45, while Bus composition percentage ranges between
1.16 to 3.47 and TRUCK (LCV / 2-Axle /3-Axle/Multi Axle)
composition percentage ranges between 0.62 to 1.86. The
occupancy of car and bike is mentioned in the DPR of Pune
metro project. In the HCM manual, it is recommended that the
PCU factor for every vehicle class is shown below.
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Table 1 Suggested PCU values for Divided Urban Roads
Sr. No.
1
2
3
4

Vehicle Type
Two Wheeler
Auto Rickshaws
Car
Buses

Divided Roads (Median)
0.22
0.90
1
4.60

After calculating the PCU factor for every vehicle class we can
calculate PCU. The PCU at Nal stop for sections is represented
in hourly format as well as daily format for a complete week.
The test vehicle taken in this paper is car and bike. Therefore
the traffic data given below in the table is taken for only car
and bikes. The table below shows the Average Hourly PCU
and PCU per Day for Sec A, Sec B and Sec.

Table 2 Average Hourly PCU and PCU per Day
Time

Sec A

Sec B

Sec C

Sec D

Sec E

Sec F

Sec G

8 am - 9 am

1450.84

963.984

736.58

929.196

570.384

557.184

500.74

9 am - 10 am

1929.34

1486.608

940.268

1376.856

1026.8

926.168

747.248

10 am - 11am

2966.692

2145.32

1213.456

1795.26

1359.08

1137.824

919.864

11 am - 12am

3442.272

2444.52

1627.04

2159.24

1642.412

1373.804

995.168

12 am - 1 pm

3049.72

2384.216

1213.456

2355.36

1902.208

1397.392

1106.388

1 pm - 2 pm

3704.884

2332.036

1817.948

2280.708

1510.98

1227.792

916.124

2 pm - 3 pm

1429.288

830.068

675.968

902.688

863.988

492.672

391.852

3 pm - 4 pm

1126.344

861.372

614.856

903.984

715.624

480.456

402.832

4 pm - 5 pm

2307.628

2232.668

1474.856

1925.472

1668.884

1190.048

967.288

5 pm - 6 pm

2838.688

1897.988

2047.992

2298.408

1698.196

1374.496

1145.964

6 pm - 7 pm

2120.588

0

2242.324

1879.792

1797.176

1376.052

1166.684

7 pm - 8pm

2363.332

0

2112.636

1557.868

2202.956

1318.136

1102.968

8 pm - 9 pm

1679.792

0

1882.448

1416.08

2140.608

1232.032

999.348

9 pm - 10 pm

1210.164

877.996

1391.26

1208.504

1534.624

806.296

984.796

In this paper the travel delay is calculated for only two vehicle
class, therefore the Average PCU per Day is also mentioned in
terms of vehicle class. The following table shows Average
PCU per Day for car and bike.
Table 3 Average Volume for Car and Bike
Sections

Average traffic volume per Day
Car

Bike

Sec A

8494

25902.86

Sec B

6938.2

17381.2

B. Travel Delay Analysis
The span selected for the case study is from Paud phata to Nal
stop. In the previous scenario while calculating the traffic, sec
B was open for the traffic flowing from Paud Phata to Nal
from direct road. But now while calculating the travel delay
the scenario got changed and the diversion is provided from
Paud Phata to Nal Stop, which has increased the travelling
distance as well as the travelling time. The direct road has
distance of 650 m, while the diversion has 1 KM.

128
IJSTR©2019
www.ijstr.org

INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 8, ISSUE 08, AUGUST 2019

In the current situation the travelling time from Paud Phata to
Nal Stop has been calculated. The following figure shows the
travelling path and points where the travelling time has been
noted. The point from 1 to 4 is from Paud Phata - SNDT
diversion - Athawale chowk to Nal Stop. Similarly the point 5
to 7 is from Nal Stop – SBI Road to Paud Phata. To calculate
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the travel delay, test vehicle moves from 1 to 4 for Paud Phata
to Nal Stop and 5 to 7 for Nal Stop to Paud Phata. The time
has been noted at every points and travel time and speed is
calculated according to it. The first test vehicle taken is bike
which shows the following results.

Table 4 Average Delay for Bike
Average Volume
(PCU/Day)

Average Travel
Time (Sec)

Average Travel
Speed (Km/hr.)

Average Free
Speed (Km/hr.)

Average
Travel
time with
free
Speed (Sec)

Average
Delay (Sec)

1000

25902.86

201.71

17.84

28.18

128.67

73.04

650

17381.2

129.14

18.11

28.68

82.34

46.8

Length
(m)

Intersection Points
Paud Phata to Nal
stop
Nal stop to Paud
Phata

Similar procedure is followed for the second test vehicle that is

car.

Table 5 Average Delay for Car
Intersection
Points
Paud Phata to
Nal stop
Nal stop to
Paud Phata

Length
(m)

Average Volume
(PCU/Day)

Average Travel
Time (Sec)

Average
Travel
Speed (Km/hr.)

Average
Free
Speed (Km/hr.)

Average Travel time
with free Speed (Sec)

Average
Delay (Sec)

1000

8494

233.28

15.43

27.83

129.34

103.94

650

6938.2

143.71

16.23

32.05

73

70.71

per Day] * Estimated Duration of Completion of Project The
C. Travel Delay Cost Analysis
The traffic flowing from Paud Phata to Nal Stop and vice total social cost incurred in a span from Paud Phata to Nal
versa will face travel delay. This travel delay when quantifies Stop is Rs. – 7, 04, 34, 488.55 The social cost associated with in
in monetary terms is known as social cost associated with the span from Paud Phata to Nal Stop in both the directions is
travel delay. In this paper an attempt is made to quantify the Rs. 7, 04, 34, 488.55. That is 7.02% of the total construction cost
social cost, the following equation gives the value for the associated with in the Span from Paud Phata to Nal Stop.
Social cost. Travel Delay Cost = [(Average traffic Volume per
Day * Occupancy of Vehicle Class) * per capita Income * Delay
Table 6 Social cost for Bike and Car
Intersection point

Test Vehicle

Paud Phata to Nal
Stop

Two wheeler
Four wheeler
Two wheeler
Four wheeler

Nal Stop To Paud
Phata

Average Traffic (Volume
per Day)
25902.86
8494
17381.2
6938.2

Total

Per Capita income Annually
Delay (Sec)
(Rs/Year)
2, 81, 887
73.04
2, 81, 887
103.94
2, 81, 887
46.8
2, 81, 887
70.71
7, 04, 34, 488.55
B
C
D
E
F
G

6. CONCLUSION


The traffic count at Nal stop is as follows;
Table 7 Average PCU Per Day
Sections
A

PCU per Day
34906.59

Travel Delay Cost (Rs.)
2, 77, 76, 805.75
1, 98, 74, 918.89
1, 17, 38, 467.65
1, 10, 44, 296.26

20138.34
22292.59
24854
22317.62
15878.2
13189.81
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Table 8 Travel delay from Paud Phata to Nal Stop and vice
versa
Intersection Points
Paud Phat to Nal Stop
Nal Stop to Paud Phata



Vehicle Class
Two wheeler
Four Wheeler
Two wheeler
Four Wheeler

Delay (Sec)
73.04
103.94
46.8
70.71

References

Travel delay from Nal Stop to Khandoba Chowk and vice
versa is as follows;
Table 9 Travel delay from Nal Stop to Khandoba Chowk
Intersection Points
Khandoba Chowk to Nal
Stop
Nal Stop to Khandoba
Chowk



Vehicle Class
Two wheeler
Four Wheeler
Two wheeler
Four Wheeler

Delay (Sec)
186.01
238.55
156.08
151

Travel delay cost for the span from Paud Phata to Nal Stop
and vice versa comes up to Rs. 7, 04, 34,488.55. Whereas for
the span fromKhandoba Chowk to Nal Stop comes up to
Rs. 9, 66, 07,359.59.



Travel delay cost of four wheelers and two wheelers,
travelling from Paud Phata to Nal Stop and vice versa is
quantified, which gives value up to 7.02% of total
construction cost for 650 m only. As the social cost accounts
up to 5.22% is a very significant value, as it is borne by the
public. This 7.02% and 5.22% is borne by the public or the
community travelling through the construction influence
zone. If the travelling delay cost is evaluated for the
complete project, then it can give a huge number, which is
paid by the public.
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Non-Peak hour travel time is much lesser than the Peak
hour travelling time. This shows that there is huge
difference in peak hour and non-peak hour travelling time.
Therefore, there should be a limitation to reduce this huge
difference, which will eventually reduce the travel delay
cost associated with it

These facilities, which is provided, to the public are built from
the public money, which public has already paid through
taxes. The social cost, which is being affecting the
communities, should have the minimum
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