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Abstract— Water logging in the urban area is not a new
problem. But it's frequency is increasing. Increased urban
development's not providing sufficient drainage, causes
naturally large infrastructural problems for the city. Most of
the time during the monsoon the water level in the river
remains higher than the terrain inside the urban area. Hence,
standard draining by gravity may not always be possible. It
has been identified that improvement of the drainage system
is one of the highest priority needs to Andheri subway &
Bandra. These areas suffers from drainage congestions and
water logging especially during rainy season. It creates an
unhealthy environmental situation and causes inconvenience
to the residents of these areas, including damages to the
infrastructure, loss of business. It is observed that there is a
lack of planned and adequate drainage network system in
these areas. Essential requirements of a good drainage system
have been stated. Different data to be collected from site for
planning and design of road drainage system have been
outlined. Hydrological and hydraulic considerations involved
in proper drain design have been discussed. Some typical
drainage drawing have been furnished.
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. INTRODUCTION

Mumbai storm water drainage system was originally
designed in 1860 when the British ruled in India, to carry a
runoff resulting from 25 mm rainfall, according to SD
Chawathe, consultant and the formal director (Technical),
Indian Water Works Association. Mumbai storm water
drainage system is complex web of drains and rivers, creeks
and drains and ponds according to research papers. This grid
consists of hierarchical system of road side surface drains,
underground drains and laterals, major and minor canals and
over 180 outfalls. While many of this outlets flow directly
into the Arabian Sea, some also drain into the Mithi river,
which happens to be an important natural storm water drain
in Mumbai. Mumbai has a drainage system, which in many
places, are more than 100 years old, consisting of 2,000 km
of open drains, 440 km of closed drains, 186 outfalls and
more than 30,000 water entrances. The capacity of most of
the drains is around 25 mm of rain per hour during low tide,
which is exceeded routinely during the monsoon season in
Mumbai, which witness more than 1400 mm during June and
July. The drain system works with the aid of gravity, with no
pumping stations to speed up the drainage.

Most of the storm water drains are also choked due
to the dumping of garbage by citizens. Portions of Mumbai
like Bombay Central and Tardeo remain below sea level.

Reclamation of ponds and obstructions in drains due
to cables and gas pipe exacerbate the problem. History of
failed drainage system in Mumbai The act of 26 July 2005.

However, over the years the Mithi river catchment area has
been encroached upon by a large number of hutments,
processing industries and scrap yards, which have disrupted
the river’s storm water drainage system, according to paper
by two IIT Bombay researchers. Also, factories along the
catchment area have continue to discharge untreated sewage,
waste water and industrial effluents further damaging the
rivers.

A Report by school of planning and architecture
provides a list of major defects in the SWDS which results in
waterlogging. They are:

— Numerous flat gradients

— Several drains found to be of sparse capacity

— Blockage in larger drains

— Lack of attention to drain repair work

— Links between the storm water drain and the sewerage
network

The main objective of the project would be to
prevent the risk of flooding which can endanger life and cause
property damage. Due to high intensity of rainfall and
inefficient rainfall systems, flooding is a common problem in
urban areas. Due to scanty vegetation, runoff in these areas is
more which can lead to unnecessary flooding and disrupt the
day to day activities of the people residing in the urban areas.
For example Disruption in services of train, traffic coming to
standstill, trading and business getting affected. Thus storm
water regulation is necessary in urban areas to maintain the
flow of vehicular traffic and safety of people and properties.

The average rainfall of Mumbai is 2000 mm of
which 70% rainfall occurs during July and August. Mumbai
is lined on west by Arabian Sea and Mumbai city receives
seasonal rainfall for 4 months i.e. from June to September.
IRC: SP: 42 (1994) and IRC:SP:13 (2004) give guidelines for
design of road drainage and drainage culverts respectively.
IRC: SP: 50 (1999) and IRC: SP: 48 (1998) are meant
fordesign of urban road drainage and hill road drainage
respectively.

Il. PROJECT JUSTIFICATION

Urban waterlogging has an immediate negative impact on the
urban lifestyle and road performance thus design of drainage
system was found necessary so as to ensure sustainability.
Designing of this system will reduce on the cost of
maintenance, ease access of residents and reduce traffic since
the road will be in good condition.

I1l. SCOPE OF THE PROJECT

The scope of the project covers study of catchment area,
estimation of runoff and design of drainage system, design of
holding pond.
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IV. BOX DRAIN:

Box drain is an underground drain which is rectangular in
cross section; usually constructed of concrete or brick. A
boxdrain, is infrastructure designed to drain excess rain and
ground water from impervious surfaces such as paved streets,
car parks, parking lots, footpaths, sidewalks, and roofs. Box
drains receive water from street gutters on most motorway,
freeways and other busy roads, as well as towns in areas with
heavy rainfall that leads to flooding, and coastal towns with
regular storms. Even gutters from houses and buildings can
connect to the box drain.

Design of Box Drain —

A. DESIGN OF SIDE WALLS

Case 1 : When drain is full.
Both soil and water pressure will be acting, thus,
Maximum soil pressure at bottom = K,y H
=0.33X20X2
=13.2 KN/m?
Maximum water pressure =ywXH
=9.81 X2
=19.62 KN/m?
Net maximum pressure (P) =6.42 KN/m?
Case 2 : When drain is empty.
In this case soil pressure will act.
Maximum soil pressure (P”) =K,y H
=13.2 KN/m?
Calculating the bending moment producing tension, that is
produced on Water face and away from water face.
For case 1 : a) on water face : 1.712 KNm
b) Away from water face : 0.766 KNm
For case 2 : a) on water face : 1.576 KNm
b) Away from water face : 3.52 KNm
Maximum moment = 3.52 KNm
By working stress method,
M = 6t X bD?/6
3.52 X 106 = (2 X (1000 X D?#6))
D =102.76 mm
Let us provide D =200 mm
Thus, d =200 — 40 = 160 mm
1) DESIGN OF REINFORCEMENTS:
For M20; ocoe = 7 N/mm?; o¢=150; m =13.33; k =0.38;
j=0.87
ocbc XC

ost/m d— xc
Xc = 61.36mm

b xc ocbc
—— = ost Astl

Ag1 = 1431.73 mm?

AStZ = M/Gst X] X d
= 168.58 mm?
Ast= Ast1 + Ast2
=1600.31 mm?
2) Distribution steel:
Ast= (0.3%bD)
= ((0.3/100) X 1000 X 200)
= 600 mm?

Providingl2 mm dia @100 mm c/c & 8 mm dia @200 mm
clc

B. Design Of Roof Slab:

Assume thickness of roof slab 200 mm
Load calculation :-

1. Live load =1 KN/m

2. Self-weight =02 X 25X 1

=5KN/m

Total load =6 KN/m

Effective span =5 + (0.2/2) + (0.2/2)
=52m

Maximum bending moment = (6 X 5.2%/ 8)

=20.28 KNm
1) Check for depth:
Q=0.5X7X0.38 X0.87 =1.1571 KNm
(20.28 X 10/ (1.1571 X 1000))°° = d
d=132.38 mm
therefore d = 160 mm
D =200 mm
As=971.26 mm?
Aq for Distribution steel = 600 mm?
Therefore, providing 12 mm dia @ 100 mm c/c and 8 mm dia
@ 200 mm c/c

C. DESIGN OF BASE SLAB

1) Case 1: When drain is full
1. Weight of roof slab = 0.2 X 5 X 25
=25 KN/m
2. Weight of tank walls = (0.2 X 2 X25) X 2
=20 KN/m
3. Total load = 45 KN/m
Therefore, net upward pressure = 45 /5.2 = 8.65 KN/m?
Bending moment at centre due to above loading
=(8.65 X 0.852/2) — (6.987 X 0.815/ 2)
=0.2776 KNm
Water pressure of soil action will produced a BM of 1.712
KNm of same nature.
Total moment = 1.9896 KNm
BM at corner = 8.65 X 0.165%/2
=0.1177 KNm

2) Case 2 : When drain is empty
BM at centre due to vertical loading = 0.2776 KNm
(producing tension on water face)
BM at centre due to soil pressure = 3.52 KNm (producing
tension away from water face)
Therefore, Net bending moment = 3.242 KNm
At corner = 0.11 KNm
1) As away from water face :-

Maximum moment = 3.242 KNm

Therefore M, =1/3 X bD?

3.242 X 10% = 1/3 X 1000 X D?

D =100 mm

Therefore take D = 200 mm, d = 160 mm
2) Aston water face :-

Maximum moment = 1.9896 KNm

Ast = 76.23mm?

But Astmin = 600 mm?

Therefore, provide minimum steel.

Providing 12 mm dia @ 100 mm c/c and 8 mm dia @

200 mm c/c

.....(producing tension)
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V. HOLDING POND

A. Holding Pond is the -

— Anintegrated drainage system.

— Drainage outfalls are prone to flooding during high tides.

— Ponds act as retention basin in normal condition.

— Act as storage during high tide, help in avoiding water
logging.

— Capacity should be sufficient to hold water upto a period
equal to the tidal duration.

B. Holding Pond Design —

1) Catchment Area:

16 x 13.5+ 11.5x 14 =377.8

Hence, Actual area = 377 x 40? = 603200 m?
area as considered in old design = 632500m?

Catchment

Considering the larger area i. e. 632500 m?
. 126500 m?
And 20% area for Holding pond 9000 mZ

Total Area = 759000 m?
Assuming detention period in the pod as 4 hrs.,
Required capacity of Holding pond
759000 x 24.4 x0.8

100

=148156.8 m®

Assuming reclamation level as 2.2 MRL and
clearance as 0.6 m, FSL in the Holding pond will be = 2.2 —
0.6 = 1.6 m RL and assuming Bed level of holding pond as
0.5 m RL, effective depth available in holding pond = 1.6 -
05=11m
Hence, Area required for holding pond

148156.8

1.1
=13.5688 Ha < 16 Ha provided.

Hence, Provided area of 16 Ha. is safe.

2) Pipe Outlets:

A volume of 148156.8 m® of water shall be implied in the
remaining hours of low tide i.e.

11-4=7hrs.

(assuming minimum interval of tide as 11 hrs.)

. . . 148156.8
Hence, Capacity of pipes required = 2600 % 7
=5.88 m¥/sec
Assuming avg. velocity in the pipes, as 1.5 m/sec.
No. of pipes required = %
7><'T><1.5
= 14 Nos. pipes < 22 Nos. provided
Hence safe.

Hence, the existing Holding pond of 16 Ha. with 22
Nos. of pipe outlets is adequate for revised design parameters
of rainfall intensity of 8.9 cm/hr. and H.T.L. of 3.25 m RL.

Holding pond

Net rain Rainall Ito  Evaporation
(ralnfoll minus storage from surface

VI. CONCLUSION

To safeguard health, safety and property of the citizen /
residents & to reduce inconvenience to them by having an
integrated approach for developing and maintaining a system
for storm water runoff, the storm water runoff, the stormwater
management system is designed in such a way that the
waterlogging can be avoided.

Hydrological and hydraulic consideration involved
in proper drain design have been discussed. Some typical
drainage drawings have been furnished. Rational method has
been effectively used here to design the storm water drains of
the study area. In Rational Method the runoff coefficient
comprises lot of factors of the catchment basin, land use
pattern, soil cover, infiltration details etc, Diligent efforts are
required to estimate these parameters in order to reach the
value of runoff coefficient. In the present study utmost care
has been taken to finalize the value of runoff coefficient ‘C’.
it was noted that the existing sections are not sufficient in
most of the places to accommaodate the runoff. The inundation
of the study area is mainly due to the blockage of the drains
in various points; therefore periodical maintenance of
existing drains is essential. In those places where space
constraints are acute, trapezoidal sections may be replaced
with existing rectangular sections.

The hydraulic design of the drain in Andheri
Subway (K/East) Ward and Bandra East is carried out by
solving the Manning’s equation and the rational formula
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between each node of the drain or channel. The drains are
designed for peak intensity of rainfall of 158.7 mm/hr. The
runoff coefficient for the entire area is considered as 0.92. all
the drain sections are checked for minimum silting and
maximum scouring velocity. All the drains are designed as
RCC rectangular sections with rugosity coefficient as 0.02.
Each section is provided with sufficient free board according
to norms. The holding pond can be used as an alternative to
prevent the project areas from waterlogging.
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