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ABSTRACT
In this project we have focused on problems of urban area traffic congestions and opted the underpass as best solution. Since traffic congestion is a severe problem in all existing metropolitan & upcoming metropolitan cities, traffic congestion results to delay in work, fuel wastage, diseases to humans, etc. The paper consists of case study, analysis and design of underpass at rotary junction near IGI airport Delhi. In this project we have designed an underpass using Finite Element Approach by BOX Method. This method is used where there the allowable soil pressure is low and their are chances of differential settlement. In this method we have analysed firstly without cushion and then with cushion.

We have done this project with three methods viz...

1) Manual/MS Excel method

2) Single Beam analysis

3) Finite Element Method

Firstly in Manual method we calculated Loads, then Moments with there Fixed End Moments then we analysed this by Moment distribution Method and then we design it.

In Single Beam analysis method we do by Staad (Beam method) while In Finite Element we have done by Staad.Pro (plate method). And we compare all the three results to get the best & economical solution of design of underpass.
INTRODUCTION

As we know that traffic congestion has been one of the major problems in India specially in metropolitan cities. In this era of rapid development where time is considered money, we cannot even dream of loosing hours in the traffic. Traffic congestion needs to tackled and eradicated from the daily life of people.  

 In order to cater the needs of people and provide them rapid and uninterrupted flow of traffic various underpasses and flyovers had been constructed in the past as well as are under construction at the various junctions of the road.Many people working in the Commercial centre’s which may have narrow streets.Shortage of off-street parking which means people park on the roads and so increase congestion. People not using public transport - either because it is less convenient, too expensive or not available.More people own and use cars.
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(Traffic jam in shsnghai,china)

Traffic problems in urban cities
Cities are locations having a high level of accumulation and concentration of economic activities and are complex spatial structures that are supported by transport systems. The most important transport problems are often related to urban areas and take place when transport systems, for a variety of reasons, cannot satisfy the numerous requirements of urban mobility. Urban productivity is highly dependent on the efficiency of its transport system to move labor, consumers and freight between multiple origins and destinations. Additionally, important transport terminals such as ports, airports, and railyards are located within urban areas, contributing to a specific array of problems. Some problems are ancient, like congestion (which plagued cities such as Shanghai,New York,Mumbai etc), while others are new like urban freight distribution or environmental impacts. Among the most notable urban transport problems are:

i. Traffic congestion and parking problems. Congestion is one of the most prevalent transport problems in large urban agglomerations. It is particularly linked with motorization and the diffusion of the automobile, which has increased the demand for transport infrastructures. However, the supply of infrastructures has often not been able to keep up with the growth of mobility. Since vehicles spend the majority of the time parked, motorization has expanded the demand for parking space, which has created space consumption problems particularly in central areas. The spatial imprint of parked vehicles is significant.
ii. Public transport insufficiency. Many public transit systems, or parts of them, are either over or under used. During peak hours, crowdedness creates discomfort for users as the system copes with a temporary surge in demand. Low ridership makes many services financially unsustainable, particularly in suburban areas. In spite of significant subsidies and cross-financing almost every public transit systems cannot generate sufficient income to cover its operating and capital costs.

iii. Problems for pedestrians. These problems are either the outcome of intense traffic, where the mobility of pedestrians and vehicles is impaired, but also because of a blatant lack of consideration for pedestrians in the physical design of facilities.

iv. Loss of public properties. The majority of roads are publicly owned and free of access. Increased traffic has adverse impacts on public activities which once crowded the streets such as markets, agoras, parades and processions, games, and community interactions. These have gradually disappeared to be replaced by automobiles. In many cases, these activities have shifted to shopping malls while in other cases, they have been abandoned altogether. Traffic flows influence the life and interactions of residents and their usage of street space. More traffic impedes social interactions and street activities. People tend to walk and cycle less when traffic is high.

v. Environmental impacts and fuel consumption. Pollution, including noise, generated by circulation has become a serious impediment to the quality of life and even the health of urban populations. Further, fuel consumption by urban transportation has dramatically increased and so the dependency on petroleum.

vi. Accidents and safety. Growing traffic in urban areas is linked with a growing number of accidents and fatalities, especially in developing countries. Accidents account for a significant share of recurring delays. As traffic increases, people feel less safe to use the streets.

vii. Land consumption. The territorial imprint of transportation is significant, particularly for the automobile. Between 30 and 60% of a metropolitan area may be devoted to transportation, an outcome of the over-reliance on some forms of urban transportation. Yet, this land consumption also underlines the strategic importance of transportation in the economic and social welfare of cities.

viii. Freight distribution. Globalization and the materialization of the economy have resulted in growing quantities of freight moving within cities. As freight traffic commonly shares infrastructures with the circulation of passengers, the mobility of freight in urban areas has become increasingly problematic. City logistics strategies can be established to mitigate the variety of challenges faced by urban freight distribution. 
Delhi is the worlds 5th worst city in terms of traffic Jams.There are 5.5 million approx registered vehicles in the city while NCR has 11.2 million approx.Delhi & NCR losses nearly 420 million man-hours every month while commuting between home and office due to traffic congestion.In 2005-06 IGI recorded a traffic of more than 20.44 million passengers(both Domestic & International). 
Vehicular Growth in Delhi
[image: image2.png]S.N. Category No. of Vehicles Decennial Annual
(In Lakh) growth rate | Compound
1997- 2007- | % [1997-98 Growth
98 08 to 2007-08] Rate%
A | Private Vehicles
i. | Four Wheelers 7.65 17.30 126.14 8.73
[Cars, Jeeps/St.
Wagon]
ii. | Two Wheelers 19.92 35.78 79.62 6.03
[Scooter, Motorcycle]
Sub Total 27.57 53.08 92.53 6.84
B. | Commercial Vehicles
iii. | Auto Rickshaw 0.80 0.75 (-)6.25 (-)1.15
iv. | Taxis 0.17 0.31 82.35 6.24
v. | *Buses 0.32 0.46 43.75 4.33
vi. | Goods Vehicle + 1.47 1.61 9.52 0.02
Tractor
Sub Total 2.76 3.13 13.41 0.81
Total 30.33 56.27* 85.53 6.42
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(Traffic congestion on ring road in delhi)

Possible solutions for traffic congestion 
Various solutions to these problems have been tried:-
i. Ring roads and by-passes
ii. Park and Ride.
iii. One way streets.
iv. Multi-storey car parking.
v. Banning cars  from the main market area .Cars are banned from the centre of Milan (Italy) on Sundays.
vi. Charging car drivers when they enter the city centre.
vii. Improved technology would maximize the efficiency of automobiles, buses, and other modes of transportation and could play a key role in reducing emission increases.
viii. Building and maintaining sidewalks,
ix. Separating slow-moving traffic (bicycles and cycle rickshaws) from motorized traffic,
x. Enhancing the quality and range of mass transit services,
xi. Eliminating inefficient and very polluting two-stroke  engines in scooters and motorcycles,
xii. Using cleaner low-carbon natural gas fuels,
xiii. Enhancing rapid transit, 
xiv. Discouraging the use of private vehicles in densely populated areas by improving the public transport
xv. Flyovers & Underpasses.
ADVANTAGES OF UNDERPASSES
i. To provide uninterrupted traffic flow at major intersections in cities.

ii. To provide cattle crossing on highways,

iii. To provide smooth & uninterrupted traffic on national highways.

iv. For saving fuel by avoiding long routes with the help of underpass.               
OUR MOTIVE
Through our project DESIGN OF UNDERPASS AS A BOX USING FINITE ELEMENT METHOD we are trying to give the best possible efficient and economical solution to overcome the above mentioned traffic congestion problems especially at road crossings with the help of an underpass structure.

METHODOLOGY
i. Generation of software using spread sheet.

ii. Design of underpass using single beam analysis.
iii. Design of underpass using Finite Element Approach.

iv. Comparison of results.

Finite Element Method
Finite element analysis uses a system of points that makes a mesh, programmed to include the material and the structural properties which identify the structural behaviour under precise loading conditions.The conditions at different points are analyzed to determine the structural behaviour.
Benefits Of Finite Element Method
i. Less expensive design cycle, increased productivity, and increased revenue,
ii. Calculate the correct combined behaviour of a structure and the ground,
iii. Predict the ground movement, structural deflections and loads with accuracy,
iv. Account for the interaction effects of adjacent structures. 

Application of FEM in Structural Engineering
i. Finite Element Analysis provides a comprehensive indication of the distribution of stresses and a visualization of the bending or twisting of structures where a failure may occur. 

ii. Predicting failure due to the development of stresses has become simpler, by an accurate indication of the affected location, thus allowing the designers to redesign accordingly. 
Target Achieved:

i. Design of spread sheet,

ii. Analysis of forces acting on the underpass using single beam analysis,

iii. Analysis of forces acting on the underpass using finite element approach.
PRESENT SCENARIO OF UNDERPASSES
i. Azadpur underpass- The underpass is 393 meters long at a cost of Rs.153.6 crore and has two carriageways of nine meters width each. Besides it has a 5-metre-wide central verge to accommodate piers of the Delhi Metro rail track and a half-meter covered portion at the intersection.                           
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ii. Upper Paya Laber underpass, Singapore- The newly completed dual-two lane underpass allows motorist to bypass the junction of Bartley Road and Upper Paya Lebar Road as they travel towards Airport Road or Lorong Ah Soo.
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iii. Jalan Anak Bukit underpass, Singapore- With the opening of the vehicular underpass and flyover, motorists will be able to enjoy an uninterrupted travel from Upper Bukit Timah Road towards Clementi Road, via Jalan Anak Bukit, and vice versa.       
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iv. Underpass at the Rotary (Junction) near the domestic airport along the road leading to Dwarka-  The vehicular underpass is of 520m in length & is being built with the help
of diaphragm wall technique.
[image: image7.jpg]= A new underpass is being buit a the Dwarka roundabout near the
Delhi airport's domestic terminals. SANJEEN VERMA HT PHOTO




v. Seshadri Road underpass, Bangalore- The 12-metre-long underpass will help pedestrians cross across from the Revenue Survey office building to Ambedkar Veedhi.                                                                                                                     
vi. The strand underpass, London- It is a vehicular underpass in central London connecting Waterloo Bridge to Kingsway near holborn, built by john mowlen & co & opened in 21 Jan, 1964.
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vii.  Ghazipur underpass- The underpass, constructed parallel to Road No 56 for uninterrupted traffic movement, is 635 meter long with dual carriageway of 9 meter in each direction.
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viii. Shanti Path underpass, Delhi- The underpass has been constructed at a cost of Rs. 12.33 crore within a year. The features of vehicular underpass at Shanti Path are asymmetric tunnel with vehicular carriageway and pedestrian path separated by railing. “The underpass has been constructed using the box-push technique instead of normal cut-and-cover method thus avoiding closure of traffic lanes of Shanti Path and without affecting movement of vehicles of Shanti Path during construction.      
ix. Bhera Enclave underpass- It’s a vehicular underpass to provide uninterrupted straight vehicular movement along Outer Ring Road No.26 and reduce traffic congestion at intersection. Its of 500 m length with 3 lane dual carriageway, diaphragm wall is adopted for the Underpass, voided slab and dome shaped atrium are provided to cover the central open portion of the underpass. 
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x. Silver street station underpass, London-  It is 30 m long, 12.5 m wide & 9.5 m wide. Constructed beneath Silver Street railway station, Edmonton, North London, forming part of a new vehicular underpass for the re-aligned North Circular Road.                                                            
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PROJECTS IN PIPELINE
1- Underpass at Ashram chowk, Delhi.

2- Underpass at sector-59 crossing, Faridabad.

3- Underpass connecting the New Mangalore Port yard with the Baikampady Industrial Area, Mangalore.

4- Underpass b/w Pimprigaon Railway station & Pune-Mumbai highway etc.
CASE STUDY
Underpass at the Rotary (Junction) near the domestic airport along the road leading to Dwarka:-
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Salient Features:

i. Hydraulic diaphragm wall technique has been used for building the underpass (in such a method of construction, the walls of the proposed underpass were first built by excavation of the “wall portion,” using hydraulic excavators and kelly-mounted buckets. The two parallel walls are then “installed” from the ground level by lowering the reinforcement cage and pouring the concrete. Once built, the portion within the walls is excavated. The floor and roof of the tunnel (in this case, underpass) is then “poured” and the area over the roof is backfilled ). 
ii. Cost of construction- 100 crore (approx).

iii. 520 m - Total length of underpass.

iv. The wall will be dug to a depth of 20m. 
v. Such a technique is used in congested areas where digging through conventional methods (cut and cover, for instance) could damage the foundations of structures in the vicinity.

vi. The base slab of the underpass rests on hard rock i.e. the foundation is strong.

vii. No water table was encountered during excavation.  
LOADING USED

Class AA-TRACKED Vehicle loading:
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DESIGN OF VEHICULAR UNDERPASS USING FINITE ELEMENT APPROACH

We have analyzed the given box section using STAAD.Pro, different combination of loads were taken into consideration e.g. 
1. D.L.+S.I.D.L.+ Earth Pressure,

2. D.L. +S.I.D.L. +L.L. + Earth Pressure.

The views using the STAAD.Pro FEM are given below:
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Dispersion of live load:
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DESIGN OF VEHICULAR UNDERPASS USING SINGLE BEAM ANALYSIS

Live load dispersion:
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Bending Moment in Z & Y direction:
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Development of Spread Sheet
	LOAD CALCULATION:-
	
	
	
	
	
	
	

	TOP SLAB
	
	
	
	
	
	
	
	

	DEAD LOAD
	
	
	
	
	
	
	
	

	 Weight of wearing course=
	
	2.2
	KN/m2
	
	
	
	

	weight of earth cushion
	
	29.7
	KN/m2
	
	
	
	

	Self weight
	
	
	19.2
	
	
	
	
	

	Total dead load=
	
	
	51.1
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	Live Load
	
	
	
	
	
	
	
	
	

	Beff. =
	αx(1-x/l)+b
	
	10.8694
	
	
	
	
	

	Net effective width of dispersion for tracked after allowing for the overlap(Beff')=
	9.5947
	m

	Leff'=
	
	
	
	
	
	
	
	6.37
	m

	Impact factor=
	
	
	
	
	
	
	1.1
	

	Load with Impact Factor=
	
	
	
	
	
	770
	KN

	Effective load=
	
	
	
	
	
	
	1605.053
	KN

	Intensity of live load on slab(L.L)=
	
	
	
	
	12.59853
	KN/m2

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	Total load on top slab(W1)=
	
	63.69853
	KN/m2

	
	
	
	
	
	
	
	
	
	

	Bottom Slab
	
	
	
	
	
	
	
	

	Dead load
	
	
	
	
	
	
	
	
	

	DEAD LOAD BOTTOM SLAB=
	
	
	
	
	19.2
	

	Total load from the top slab=
	
	
	
	
	
	51.1
	KN/m2

	Load of wall=
	
	
	
	
	
	
	12.90756
	KN/m2

	Due to Brick wall=
	
	
	
	
	
	
	3.030895
	KN/m2

	D.L. Due to wearing coarse=
	
	
	
	
	
	2.2
	KN/m2

	Total dead load=
	
	
	
	
	
	
	88.43846
	

	
	
	
	
	
	
	
	
	
	

	Live Load
	
	
	
	
	
	
	
	5
	KN/m2

	K=
	
	
	
	
	
	
	
	0.833
	

	α'=
	
	
	
	
	
	
	
	3
	

	Beff=
	
	
	
	
	
	
	
	10.90663
	m

	Net effective width of dispersion for tracked after allowing for the overlap(Beff'')=
	12.95663
	m

	Leff''=
	
	
	
	
	
	
	
	5.4
	

	
	
	
	
	
	
	
	
	
	

	Now, Taking 12.4% Impact factor=
	
	
	
	
	1.125
	

	Live Load including Impact factor=
	
	
	
	
	787.5
	KN

	Intensity of loading=
	
	
	
	
	
	11.2555
	

	Total Design Load of bottom Slab(W2)=
	
	
	
	
	93.43846
	KN/m2

	
	
	
	
	
	
	
	
	
	

	upward soil pressure=
	
	
	
	
	
	101.037
	KN/m2

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	        
	

	Side wall
	
	
	
	
	
	
	
	
	

	Earth Pressure at the base due earth fill(W3)=Kr*γs*Heff
	
	
	57.6
	KN/m2

	Earth Pressure due to earth cushion = Kr*γs*h
	
	
	12.15
	KN/m2

	Earth pressure due to live load surcharge = Kr*γs*h
	
	
	
	10.8
	

	Total Earth pressure at top
	
	
	
	
	
	22.95
	

	Total Earth pressure  at bottom
	
	
	
	
	80.55
	

	Top Slab
	
	
	
	

	FEM DUE  TO DEAD LOAD
	
	1181.924

	FEM DUE  TO LIVE LOAD
	
	158.9819

	
	
	
	
	

	
	
	
	
	

	FEM Due to total load=
	
	1340.906

	 
	
	
	
	

	Total Mid span Moment=
	
	2209.985

	
	
	
	
	

	Bottom slab
	
	
	

	FEM Due to total load=
	
	2161.197

	
	
	
	
	

	Total Mid span Moment=
	
	3241.796

	
	
	
	
	

	Side Wall
	
	
	

	FEM at top due to DL=
	
	95.232

	FEM at top due to LL=
	
	36.864

	Total FEM at top=
	
	
	132.096

	
	
	
	
	

	FEM at Bottom Due to DL=
	
	142.848

	FEM at Bottom Due to LL=
	
	36.864

	Total FEM at base=
	
	179.712

	
	
	
	
	

	Mid span moment due to DL=
	
	178.56

	Mid span moment due to LL=
	
	55.296

	Total Mid span moment=
	
	233.856

	Member
	AB
	AD
	BA
	BC
	CB
	CD
	DC
	DA

	D.F.
	0.2743
	0.7256
	0.2743
	0.7256
	0.7256
	0.2743
	0.2743
	0.7256

	FEM
	-1340.91
	132.096
	1340.906
	-132.096
	179.712
	-2161.2
	2161.197
	-179.712

	DISTRIBUTION
	331.5766
	877.1126
	-331.577
	-877.113
	1437.766
	543.5214
	-543.521
	-1437.77

	C.O.
	-165.788
	-718.883
	165.7883
	718.8829
	-438.556
	-271.761
	271.7607
	438.5563

	DISTRIBUTION
	242.6653
	641.9174
	-242.665
	-641.917
	515.406
	194.84
	-194.84
	-515.406

	C.O.
	-121.333
	-257.703
	121.3327
	257.703
	-320.959
	-97.42
	97.41998
	320.9587

	DISTRIBUTION
	103.9695
	275.0283
	-103.969
	-275.028
	303.5756
	114.7613
	-114.761
	-303.576

	C.O.
	-51.9847
	-151.788
	51.98474
	151.7878
	-137.514
	-57.3806
	57.38064
	137.5141

	DISTRIBUTION
	55.8948
	147.8573
	-55.8948
	-147.857
	141.4156
	53.45964
	-53.4596
	-141.416

	C.O.
	-27.9474
	-70.7078
	27.9474
	70.70782
	-73.9287
	-26.7298
	26.72982
	73.92867

	DISTRIBUTION
	27.06113
	71.58423
	-27.0611
	-71.5842
	73.0378
	27.61062
	-27.6106
	-73.0378

	C.O.
	-13.5306
	-36.5189
	13.53056
	36.5189
	-35.7921
	-13.8053
	13.80531
	35.79212

	DISTRIBUTION
	13.72857
	36.31589
	-13.7286
	-36.3159
	35.98789
	13.60457
	-13.6046
	-35.9879

	C.O.
	-6.86428
	-17.9939
	6.864284
	17.99395
	-18.1579
	-6.80229
	6.802287
	18.15795

	DISTRIBUTION
	6.818613
	18.03713
	-6.81861
	-18.0371
	18.11115
	6.846592
	-6.84659
	-18.1111

	C.O.
	-3.40931
	-9.05557
	3.409306
	9.055573
	-9.01857
	-3.4233
	3.423296
	9.018566

	DISTRIBUTION
	3.419116
	9.044516
	-3.41912
	-9.04452
	9.027815
	3.412803
	-3.4128
	-9.02782

	C.O.
	-1.70956
	-4.51391
	1.709558
	4.513908
	-4.52226
	-1.7064
	1.706401
	4.522258

	DISTRIBUTION
	1.707097
	4.515747
	-1.7071
	-4.51575
	4.519515
	1.708521
	-1.70852
	-4.51952

	C.O.
	-0.85355
	-2.25976
	0.853548
	2.259758
	-2.25787
	-0.85426
	0.854261
	2.257873

	DISTRIBUTION
	0.85398
	2.259015
	-0.85398
	-2.25901
	2.258164
	0.853658
	-0.85366
	-2.25816

	C.O.
	-0.42699
	-1.12908
	0.42699
	1.129082
	-1.12951
	-0.42683
	0.426829
	1.129507

	DISTRIBUTION
	0.426831
	1.129086
	-0.42683
	-1.12909
	1.129278
	0.426903
	-0.4269
	-0.4269

	C.O.
	-0.21342
	-0.21345
	0.213415
	0.564639
	-0.56454
	-0.21345
	0.213452
	0.564543

	DISTRIBUTION
	0.11709
	0.309735
	-0.21342
	-0.56456
	0.564513
	0.213404
	-0.2134
	-0.56451

	TOTAL
	-946.73
	946.441
	946.632
	-946.34
	1680.11
	-1680.5
	1680.46
	-1679.4


	
	
	
	
	
	
	
	


CENTRAL FINDING

The Box section is analyzed using the following three methods, whose results are given in tabular form:-
1. Moment Distribution Method,

2. Beam Element model by STAAD,

3. Finite Element model using STAAD.
The Moments analyzed are (in kN-m):- 

	Method
	Top Slab
	Bottom Slab
	Side Wall


	
	At mid Span
	At Support
	At mid Span
	At Support
	At     Top
	At     mid
	At bottom

	Moment Distribution
	1263.12
	946.73
	1561.29
	1680.50
	946.34
	1078.14
	1680.11

	BEAM ELEMENT using STAAD(“My”- direction)
	1178.40
	937.67
	1520.42
	1603.43
	697.45
	988.09
	1498.35

	FINITE ELEMENT using STAAD
	1120
	902.40
	1478.64
	1562.78
	688.13
	934.49
	1411.08


CONCLUSION

After analyzing the box section we came to the conclusion that:-
1. Moment Distribution gives the largest value,

2. Beam Element model gives value in between the moment distribution & finite element values, however the value of TOP slab and side wall is very near to that of finite element approach & is having a considerable difference with that of moment distribution analysis.
3. Finite Element analysis is very precise; hence the moments obtained are less in magnitude in comparison with that of other two values.
4. However instead of giving such precise results this method is not popular due to its complex nature.
5. Grade separator-  Effective solution.
6. Ease in traffic congestion, save fuel, save time, saves environment.
7. Underpass-Segregates the traffic, without disturbing the existing ground level.
8.   FEM-Most economical design solution.
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