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Abstract— One of the complex problems faced by the city municipalities is the traffic congestion. It makes life in urban areas uncomfortable for citizens. 
Each years the municipalities squanders large chunks of money to resolve this problem. The eastern region of Pune is experiencing this problem 
especially during peak hours, due to improper traffic planning and poor infrastructure design. In this paper the traffic congestion causes are analyzed for 
the road connecting the Hadapsar and Kondhwa in eastern Pune and design of proper planned road intersection was proposed. The congestion was 
measured by determining flow rate and number of different types of vehicles passing during peak hour by generating Traffic Volume Count (TVC) report 
and the choice of the optimal solution should be the result of a complex, well-organized and optimized process. Updated techniques, devices and 
software such as BIM tools are available nowadays, to integrate all the involved aspects. 
 
Index Terms—SketchUp, Infraworks BIM 360, Traffic Volume Count, Infrastructure, BIM 

——————————————————— 

 

1 INTRODUCTION 

One of the most complicated issues in urban life is the 
traffic problem. In eastern region of Pune, development in 
the number of roads and transportation infrastructure is not 
enough to fulfill the rapid increase in the number of 
vehicles. The absence of active public transportation such 
as MRT, PRT, LRT etc., improper traffic planning are one of 
the causes of congestion problems. The increasing 
population and high-income individuals in any country has 
its effects on the existing transportation systems. This study 
will focus on the problems erupted by traffic congestions on 
a specific road which is also a city highways in eastern 
Pune region, as well as the solutions to avoid traffic 
congestion. The eastern region of Pune has large areas of 
resident townships and Information Technology parks. The 
main road connecting Hadapsar and Kharadi is going 
through residential townships and IT parks, another road 
coming from Ghorpadi is going towards Manjari intersects 
with the main road, fig.1 is a satellite image which shows 
the location of the area from where the traffic flows and 
intersects. The development in road infrastructure in this 
part is not adequate to accompany high number of vehicles 
in this zone. There is not much infrastructure development 
in this part. As cities grow in an impromptu manner, no plan 
is made towards measuring road volume, which sooner or 
later results in several bottleneck roads, which remain 
congested for extended periods of time [1]. The congestion 
problem is a common problem among developed and 
underdeveloped countries; so, it‘s a global problem [2]. The 
traffic congestion leads to other kinds of problems 
especially in big cities, according to a study conducted in 
cities of Sweden the traffic jam caused a noise pollution too 
[3].  
 
 
 
 
 
 
 
 
 
 
 
 

Other studies showed that development in any county in the 
world is not perfect if traffic congestion results big economic 
costs [4]. Traffic congestion is easily causing traffic jams. a 
traffic jam occurs when vehicles are fully stopped for a long 
period of time [5]. The objective of this study is to find the 
real cause behind the traffic congestion between the roads 
and to conclude possible solution for the problem.      

 

2. AREA UNDER CONSIDERATION   
The study area has two roads that is from A to B whose 
length is 4.2 Km, and the other is from C to D whose length 
is 9.8 Km, these locations are marked in fig. 1. The width of 
road from A to B is of 24m and the road from C to D is of 
18m. The places where respective points are marked, these 
places have vast IT parks, presence of three SEZ‘s in those 
areas and two huge residential townships which are 
Amanora park town and Magarpatta city. Due to the 
presence of IT parks and residential zones, there is a huge 
amount of traffic movement during morning and evening 
hours and they all get struck at Mundhwa Junction. Besides 
that the main road is a city highways as well, which is 
known as NH-9 (National Highways no.9), on this main road 
large freight vehicles also move. The vehicles on this route 
have been estimated to be about 48000, which are passing 
in 24 hrs. Period from both side and successively 
increasing by 5-10% every year. The major reason for 
choosing this area is challenge in itself, which involves land, 
financial & traffic issues and the surrounding environment. 

 

Figure 1 Site selection 
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3. METHODOLOGICAL APPROACH- 
The choice of the optimal solution should come from an 
increasingly complex optimization process [6]. In order to 
achieve this properly virtuous path, generally they need 
technical and computational tools, in order to integrate and 
organically consider various aspects of interest. The design 
tools, available today, allow collecting these facts in a 
comprehensive and integrated analysis, already in 
preliminary stages of the choice of the "ideal" solution, so 

obtaining a good definition level and a limited commitment 
of the required study.We refer, in particular, to road 
infrastructure design software, which have now reached a 
good diffusion but that are still little used in the preliminary 
stages of design or feasibility study [7]. In fact one such 
case was observed that analysis of collected data revealed 
that the improper planning of the junctions lack of traffic 
signals and unauthorized parking‘s are the measure factors 
 

Figure 2 Map of the traffic zones and point of intersection. 

contributing to the traffic congestion and also to make a 
better decision about which tool could be applied in each 
particular condition and context [8]. Another such case was 
observed in Thessaloniki, Greece where the ITS was highly 
suitable as per the surrounding conditions and provided 
basic framework for ITS, It focuses on real-time, adaptive 
traffic lights and its operations include incident management 
using real-time information, dynamic traffic estimation for 
future time periods, assessment and validation of the 
predicted travel time, management of traffic lights based on 
the estimated current traffic conditions and aiming to reduce 
the environmental impacts of traffic, and impact 
assessment of the traffic lights' dynamic management on 
traffic conditions . Hence a new and comprehensive 
methodological approach is instead needed. In this paper 
we are going to present efficient geometric-functional 
solution, which has been defined by using various software 
packages, special of those which are BIM incorporated. The 
main ―logical steps‖ to determine the appropriate solutions 
are as follows : 

 Analysis of the current scenario; 

 Identifying needs and analysis of critical aspects; 

 Choice of the most effective possible solution; 

 Geometrical modeling; 

 Environmental assessment; 
 Technical and economical feasibility. 

 

The procedure is explained in the fig.3 –

 

Figure 3 Methodology for adapting the process 

3.1 PRESENT SCENARIO- 

The Mundhwa region represents a major hub for business 
parks and residential townships, due to its geographical 
location and access to other areas of region and hence 
Growth in vehicular traffic has necessitated the provision of 
grade separators, interchange like flyovers and underpass 
in cities. The problematic fields in practice include the 
integrated land use and infrastructure planning [9] which 
makes the purpose of solving traffic congestion gets 
defeated. The existence of the only main road, it leads to a 
strong attractive effect for intermodal traffics: a big number 
of users are seen during morning and evening hours. This 
fact generates a large quantity of vehicular movement and 
coming to the Mundhwa junction seen in fig. 4.   
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Figure 4(a) Traffic congestion during the morning hours 
at the junction 

 

 

Figure 4(b) Traffic congestion the main road NH-9. 

happens everyday. This scenario is shown in fig. 5.Inorder 
to present the above problem which is shown in fig.5 in 

form of a map, its been shown in fig.6 where the locations 
are marked and it represents the route that commuters 
have to take in order to go to their destination by using the 
underpass. However turning points have been provided who 

want to directly go from C to B and from D to A.But the 
biggest problem of this road is another road, which is 
coming from location C, and commuters who want to go 
towards point D or A have to use an underpass which is 
beneath a bridge, as there is no intersection provided these 
routes have caused people to go from one direction to 
another, in a similar manner, commuterswho are coming 
from point   D and want to go towards point A, B and C; 
they have to face the same nuisance. This occurrence is 
not only for one day, it happens everyday. This scenario is 
shown in fig. 5. 

3.2 IDENTIFYING NEEDS AND ANALYSIS OF 
CRITICAL  
In this context, the considered junction is located at 
Mundhwa Junction where both medium and long distance 
traffic merge, because all flows have to cross the junction to 
reach or coming from their respective destination. The 
junction currently has no appropriate functional equipment 
for channelizing the traffic flows and ensures good 
conditions for mobility and security (). It is important to have 
proper information about traffic flows, for improving the 
feature of an existing junction; for this purpose, traffic 
volume count report was generated, One such case was 
observed that analysis of collected data revealed that the 
improper planning of the junctions, lack of traffic signals and 
unauthorized parking‘s are the measure factors contributing 
to the traffic congestion and also to make a better decision 
about which tool could be applied in each particular 
condition and context [10]. After this data was analyzed, 
considering the mixed traffic conditions.  
As expected, massive traffic flows near the junction in the 
morning and evening were observed. Especially in latter 
situation the junction shows increase in traffic deman and 
decrease in Level of Service (LOS). Level of Service is 
used to define the effectiveness of elements of 
transportation infrastructure. LOS is most commonly used 
to analyze highways by categorizing traffic flow with 
corresponding safe traffic conditions. 
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Figure 5 -The problem occurring for commuters coming from different direction and using the same underpass to reach 

their locations. 

 
Figure 6 - The above figure represents the routes taken by the commuters in order to reach their destination. 

 
3.3 TRAFFIC DATA – 
In any transportation planning and engineering, traffic data 
plays an important role and it is also a part of survey. There 
are many methods to collect traffic data that is by manual 

method or use of automatic traffic counter, nowadays with 
increasing trend of automation in traffic surveying; use of 
Big-Data analytics, IoT, AoT, and Machine Learning also 
helps in collection of traffic data. However data generated 
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by satellites but they found that it has various 
disadvantages like route may be short but not fast also, 
face difficulty to count no of vehicles on junction than 
moving road [11].As per traffic study done on Hadapsar (A) 

– Kharadi (B) bypass road on weekday & weekend by 
following scenario has been observed – 

 

 
Sr. No Description Vehicles 

(Nos) 
PCUs 

1 Total Traffic in 24 Hrs. 47,873 48,437 

2 Morning Peak Hour Traffic 5,022 4,460 

3 Evening Peak Hour Traffic 3,971 3,655 

Table 1 – Overall traffic volume study in terms of pcu (passenger car unit) 

From the traffic study it is observed that more than 47,000 
no of vehicles flow in both direction of road in Hadpasar – 
Kharadi bypass in 24Hrs. shown in table 2 and table 3, As 
per ‗IRC-106-1990 table -2‘ for recommended design 
service volume (PCUs per Hr.), two lane divided 
carriageway can hold maximum ‗3,600 PCU‘s per Hr.‘. As 
per our traffic study the current peak hr. traffic shows that 
the capacity of the road has been already exhausted & in 
next 2-3 years it may not be possible for the commuters to 
travel on this rout. 10% traffic growth has been observed in 
Pune city from last 10 years of traffic data. By considering 
only 5% growth rate also in next 5–6 years the peak hour 
traffic will grow to the maximum limit of six-lane capacity. 

So only widening of existing road is not only an option, one 
must consider an alternate route for traffic diversion. The 
availability of land is also quite less, which becomes a 
difficult task to implement a solution. Increase in land space 
cannot be done in this area as near the junction many 
societies and offices are present, which are not possible to 
remove them. Hence with the land space available suitable 
design solutions should be introduced.  Fig. 7 represents 
the satellite map of the site location in which land available 
is shown. Although a barren land is available near the site, 
however due to private ownership the landowner cannot 
give land access to government.  

Table 2- Traffic volume count for vehicles from both directions (1) 
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Table 3- Traffic volume count for vehicles coming in from both directions (2) 

 
Table 4- The graph represents the growth in traffic volume in last 10 years on nh9 
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Figure 7- The yellow line represents the availability of land area, which is about 3234.61 m2 

 
4. COMPARING AND CHOOSING THE 
POSSIBLE SOLUTION- 
The transport infrastructure design should be aimed to 
ensure that vehicles and pedestrians travel safely and 
uninterruptedly; the choice of the most effective layout 
depends on many factors such as: dimensions and 
geometry of intersection, traffic flows, morphology of the 
territory, presences of building, land or other constraints 
and budget. In this study, its is necessary to reduce the 
GHG emissions from transport which come high on the 
agenda [12], not only that it is necessary to improve safety 
and functionality [13]. So the best solution is to replace the 
junction with a suitable interchange. But in order to do so, 
different design proposals were made and compared with 
each other, later coming on to the final proposal.  

 

5. GEOMETRIC MODELING –  
In order to visualize and design complex interchange and 
underpass, for this BIM tools such as Infraworks and 
Sketchup was extensively used to design and 
visualize. .BIM rather serves as a process than a tool, 
where it is a modeling technology and associated set of 
processes to produce, communicate, and analyze building 
models [14]. The use of BIM in either road or railway 
infrastructure projects for design, construction, and 
maintenance would serve to form, manage, and maintain all 
vital data relating an asset like geospatial information, 
graphic illustration of the transportation networks, resources 
needed within the project, etc. BIM is capable of managing 
high volumes of traffic and convoluted transportation 
networks. Fundamentally, the applications of BIM software 
in civil engineering projects would be quite similar to the 
ways they are utilized within other types of construction 
projects in terms of their design development [15]. In one of 
the papers wherein comparison of the design of different 
interchanges such as the operation performance of 
Diamond Interchanges between China and U.S.A. In the 
United States, a standard diamond interchange consists of 

two signalized intersections whereas in China they have 
only one. It is fact that diamond interchange has features of 
low cost, easiness to use and savings of land. Diamond 
interchange with two intersections has more conflict points 
than single intersection [16].In this research, software such 
as Autodesk Infraworks 360 is multi-purpose civil 
engineering BIM software which helps in- ‗Capturing 
existing conditions‘, ‗Planning and Preliminary design‘ 
‗Detailed design & documentation‘. However, using 
software modelling or mathematical formulas can also do 
problems occurring due to dense traffic flow and the need 
of providing different solutions to resolve it. By using 
simulation analysis, analytical decisions can be made 
concerning street development, type of intersection control, 
and the feasibility of computerized traffic control. BISSIM 
and CORSIM are one of the most commonly used traffic 
simulation software‘s [17]. A geometric 3D model of the 
junction has been created which is shown in fig.8, in order 
to provide and justify the suitability of design choice, 
depending on the consistency and compatibility of the work 
(in terms of geometry, functional, spatial and architectural), 
in accordance with existing environmental, land and the 
conditions of future use of infrastructure. The operational 
steps considered are: 

1. Construction of model of terrain surface (DTM) from 
available maps. 

2. Geometrizing horizontal alignment of the roads of the 
intersection; 

3. Geometrizing vertical alignment identifying the grade 
tangents and vertical curves; 

4. Assembly of typical sections (lanes, shoulders, 
drainages, in cut or fill) one for each alignment;  

5. Extruding of road solids and geometrical adjustments of 
terrain surface; 

6. Rendering and visualization of intersection by means of 
suitable software such as Infraworks BIM 360, Civil 3D 
and Sketchup.  
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The geometric model of intersection has allowed carrying 
out the design verifications, in terms of: sight distances and 
environmental impact of the work. Following Civil 3D 
drawings, profile sections are shown in fig.9,10 and11. After 
making BIM CAD plan in Autodesk Civil 3D, rendering 

process of the CAD plan is done by using Sketch-Up, 
whose final 3D model is shown in figure 12 and In order to 
make it understand in a simpler way about how traffic flow 
would be if the above design is made, is shown in fig. 14.  

 

Figure 8- The dotted circle represents the Mundhwa junction where all the traffic converges. The above geo-location is 
been shown by using Infraworks BIM 360. 

Figure 9- The above figure represents the junction where a bridge (from Hadapsar to Mundhwa) along with four ramps 
that is connected to various directions that is towards point C & D. 
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Figure 10- Geometric profile showing necessary cutting and filling for the proposed route from Hadapsar to Mundhwa.  

 
Figure 11- Vehicular under pass or grade separator will be created in the middle for people going from point C to D. On 

the sides of the grade separator, ramps are provided for commuters going from point C towards A and from point D 
towards A. 
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Figure 12- After 3D rendering process this is how the interchange will look and how the ramps and main road are built to 

their destination. 

 
Figure 13- Top view of the proposed interchange 
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Figure 14- The pink line represents the direction of traffic flow pt. A to pt. C and from pt. C to pt. B. The dashed green 
lines show the underpass/ grade separator for travellers who are coming from pt. D to pt. C and vice-versa. Blue line 

indicates the direction of flow coming from pt. B to pt. D and from pt. D to pt. A 

6. CONCLUSION –  
The design of interchange is an intricate activity because of 
significant interactions due to various components involved 
in it: environment, users, costs, etc. Urban transportation 
constitutes the main spatial structure of cities and has 
fundamental influences on shaping and orientation of urban 
development. [18]. The procedures to perform an integrated 
design process, especially for road intersection, require the 
three-dimensional geometric modeling as well of other 
computational and functional analysis; for these purposes 
specific software and other technical tools are used. In this 
paper site was selected in the basis of where maximum 
traffic congestion was happening in the city. During this 
study, various specialistic analyses were needed because 
the current status of road junction is critical, especially for 
pollution and environmental damages, besides that the 
major constraint was land area and as you see the 
unplanned urban expansion has led to many problems, and 
predictions of future urban expansion are vital for urban 
planning [19]. The selected design solution was that to 
unravel the long hours of traffic congestion and to provide 
easy accessibility for travellers to go in all directions. If this 
design is implemented then LOS will improve in all traffic 
conditions. In addition to that, it is possible to estimate that 
there would be decrease in noise and pollution in the 
infrastructure provided with significant advantages on the 
environment quality. Hence this highlights that suitable 
solution should be recommended as per present conditions 
and flow of traffic. Use of strategic land-use and transport 

planning provides an accurate and deepens the planning 
process that can consider and verify all-important themes, 
which are involved in an urban infrastructure requalification. 
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