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Abstract: 

Water is known as the elixir of life due to its importance in the lives of living creatures. 

The rapid increase in population, changed climatic conditions, frequent occurrences of floods, 

draughts, etc., caused the scarcity of water in many regions of the world. So, to fulfil the 

requirements of water supply for domestic purposes, there is great demand and scope for 

rooftop rainwater harvesting.  In the present work, an attempt is made to design the rooftop 

rainwater harvesting system for Dr. P. A. Ibrahim Haji Memorial Physiotherapy Centre, 

Nadupadavu, Mangaluru, with the objective of harvesting the rooftop rainwater and using it 

for domestic purposes and groundwater recharge. The annual volume of water to be collected 

to be collected from the rooftop is obtained using the area of the rooftop and the average annual 

rainfall in the region.  The sizes of the gutters and downpipes are provided based on the rooftop 

area, rainfall and intensity of rainfall as per the guidelines of IS 15797:2008. A provision is 

made for the first flush system and filtration to remove substances causing pollution of the 

water. Excess water flowing out of the tank is directed to flow into the infiltration pit, which 

helps to induce the groundwater recharge. The storage tank is designed, and a cost analysis is 

done. It is evident from the study that rooftop rainwater harvesting is a very viable, reliable, 

and economical method to supply water for domestic and groundwater recharge. Also, it is one 

of the ways forward for sustainable utilization of water resources. 
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1. Introduction 

Water is the most essential element for the survival of every living being. For all of our daily 

tasks, we require water. Water is the mother, the foundation of life, and the medium whose 

consumption is always increasing.  The need for water conservation has always been urgent, 

and there are various tools available. The uneven water budget equation has elevated the desire 

to conserve water to the next level in an effort to lessen the pollution and water shortage 

problems [1]. Rapid urbanization, development, the concentrated population density in many 

regions and changed lifestyle in many regions have resulted in excessive use surface water and 

groundwater has led to water scarcity and also the overexploitation of ground water resulted in 

decrease in the yield and degradation of quality. This has resulted in drought and drying up of 

river beds and defunct of wells. To alleviate these problems storm water harvesting from runoff 

would be an effective way [2],[3],[4],[5]. Storm water harvesting is a method of collecting 

water wherever it falls, rainwater, the purest form of water, may be immediately used to 

supplement the water supply for different uses. The practice by which the rainwater is collected 

from rooftop catchments is termed as rooftop rainwater harvesting [6]. Rainwater collected in 

natural ponds or artificial tanks can be used to recharge the groundwater and helped in the 

boosting of water levels in the wells [7]. Utilizing a roof, a land surface, or a rock catchment 

are examples of reasonably clean surfaces where rainwater collection technology is employed 

to collect and store rain for later use. The water is typically routed to recharge groundwater or 

stored in a rainwater tank. Another part of rainwater harvesting is infiltration, which is crucial 

for the management of stormwater runoff and replenishment of groundwater levels. In dry and 

semi-arid regions, rainwater gathering has been performed for over 4,000 years to provide 

residential water, drinking water, water for cattle, and irrigation. Today, rainwater harvesting 

has grown significantly in importance as an easy-to-use and cutting-edge technology. Though, 

rain water harvesting is vital for sustainable water resources development of both rural and 

urban regions, the major challenge in the design is to estimate the area for storing water. The 

required catchment area should be designed effectively to collect rainfall for required purpose 

[8],[9].  Rooftop rainwater harvesting has enhanced the groundwater recharge and improved 

quality of groundwater [10]. 

There are two major categories into which the process of collecting rainwater from rainfall 

events can be divided: roof-based and land-based. When runoff from land surfaces is gathered 
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in furrow dikes, ponds, tanks, and reservoirs, this is known as land-based rainwater harvesting. 

When rainwater runoff from roof surfaces is collected, it usually results in a considerably 

cleaner source of water that can also be used for drinking. This practice is known as "roof-

based rainwater harvesting. Rainfall harvesting from highways, parking lots, and rooftops can 

enhance water availability for various domestic needs and assist to alleviate the country's 

persistent water shortages since most rural and urban areas in Jordan lack run-off sewer systems 

[11].  It is found that rainwater harvesting performs economically and in terms of saving water 

and energy in Pakistan's four major cities, Islamabad, Lahore, Peshawar, and Khanpur [12]. To 

increase system performance and the stability of the water supply, a rainwater harvesting 

(RWH) system must be properly designed and evaluated [13]. The study also showed that the 

selection of sloping smooth roofs implies a global rainwater harvesting potential greater than 

flat rough roofs by 50% [14]. The quality of harvested rain water on the basis of different roof 

materials used and to find the lichens/mosses on the roofing surface. Galvanized steel relatively 

have high water quality probably due to ultraviolet light and high [15]. Sustainability of roof 

captured rainwater for possible potable water production was investigated and with a goal to 

develop a cost-effective, long- term solution for rural communities' drinking water supply [16]. 

Rainwater harvesting's technical viability for Seven Iranian cities was studied and found that 

the rainwater harvesting has reduced the domestic portion of the demand for potable water by 

15% to 30%, the average annual rainfall ranges from 523 to 1720 mm, and the potable water 

demand in the residential sector is from 152 to 242 litres per person per day [17]. It is found 

that on long-term environmental and potential effects of rooftop rainwater harvesting combined 

with shallow well infiltration, which is a less expensive solution that could help to ease water 

shortage problems [18]. 

From the literature, it is concluded that sloping roofs such as clay tiles, metal sheets and plastic 

sheets can be used for better quality. The different roof materials are used to quality of 

harvested rain water. It was found that galvanized steel will relatively have high water quality. 

It was concluded that composite asphalt shingle and metal roof were the most common roofing 

materials used for harvesting. When combining 50% traditional flat roofs and 50% extensive 

green roofs. It was concluded that combined solution can be feasible depending on the 

variability of rainfall. Use of rain water or toilet flushing reduces the amount of ground water 

recharge. 
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2. Materials and Methods 

2.1 Location of the building 

Mangalore is situated in the Dakshina Kannada district and the building is located at 12° 48' 

30.9636'' N and 74° 55' 54.9048'' E and at an altitude of 219.00 metres above mean sea level. 

The satellite image of the building is as shown in Figure 1. The front view of the building is as 

shown in Figure 2.  

 

Figure 1: Satellite image of Dr. P. A. Ibrahim Haji Memorial Physiotherapy Centre located in 

PAET campus Mangalore   

 

Figure 2: Dr. P.A. Ibrahim Haji Memorial Physiotherapy Centre, Nadupadavu, Mangalore, 

D.K. District 

P. A. Educational Trust established in the year 2000 and started many educational institutions 

in the PACE knowledge city Nadupadavu, 20 km from Mangalore city. Groundwater is the 

source of water for all uses of the campus. The excessive withdrawal of water caused scarcity 

of water during the months of March to June. To alleviate the problem a rainwater harvesting 

system was undertaken during the year 2016 to recharge the bore wells. However, still the 

scarcity of water persist. So, in the present work an attempt is made to design a rooftop 
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rainwater harvesting of Dr. P.A. Ibrahim Haji Memorial Physiotherapy Centre to fulfill the 

needs of the domestic water supply of the center, where the rooftop is already covered with 

galvolume iron profiled sheet. 

2.2 Details of study area.  

Mangalore, the headquarters of the Dakshina Kannada District of Karnataka, is a place of 

mixed cultures and lifestyles. People from different communities and neighboring states have 

moved here for business, jobs, education and many more.  The current metro area population 

of Mangalore in 2024 is 763,000. Mangalore is also on the Smart Cities Mission list and among 

the 100’s of smart cities to be developed. It is now, both, Dakshina Kannada district’s largest 

city and administrative headquarters.  The average ambient temperature remains 25.9°C, varies 

from 20.8°C to 32.6°C. The average relative humidity remains around 83%, varies from 33.8% 

to 98.5%. The average wind speed in Mangalore is 3 m/s with the maximum wind speed of 

around 9 m/s. Tropical weather prevails in Mangalore from June to September, when rainfall 

is heavy. The average annual rainfall for Mangalore is 3267 mm and the details of monthly 

distribution of rainfall is as shown in Table No. 1.  The same data is used in the design of 

rooftop water harvesting of the present building located in the P. A. Education Trust, 

Mangalore campus.  

Table 1. Average Annual Rainfall data 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Average 

Annual 

Rainfall 

(mm) 

0 2.54 7.62 27.94 185.42 853.44 955.04 673.1 309.88 175.26 68.58 7.62 

 

3. RESULTS AND DISCUSSIONS  

3.1 Calculation of total rainfall.  

It is observed from rainfall data that the runoff producing rainfall occurs between the months 

May to October. Hence the total rainfall is calculated between these months is used in 

calculation of total rainfall, as given below: 

https://collegemarker.com/blogs/mangalore-one-of-the-smartest-cities-in-the-country/
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    Total rainfall =185.4+853.44+955.04+673.1+309.88+175.26 

    Total rainfall = 3152.12 mm (Approximately 3000 mm) 

3.2 Roof area calculation 

The existing roof area covered with inclined/sloped G. I. sheets is used in the calculation. 

The details of the roof dimensions are given in the Figure 3.   

 

Figure 3:  Dimensions of rooftop area covered with G.I sheets 

Area of the catchment (Rooftop) = 22*24=528 m2. 

 3.3 Volume of rainwater calculated from rooftop area 

Volume of water available from rooftop area is calculated using area of rooftop, average 

rainfall and runoff coefficient  

Volume V=area of the catchment x average annual rainfall calculated x runoff coefficient. 

Area of the Catchment = 22*24 = 528 m2 

Average annual rainfall = 3000 mm 

Runoff coefficient (k) = as per recommendations of IS 15797:2008 for inclined rook k= 0.85 

is taken.  

Volume of water available from rooftop water harvesting.   

Va= area of the catchment x average rainfall calculated x runoff coefficient  

        = 528 * 3000 * 0.85 
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            = 13, 46, 400 litres. 

3.4. Volume of storage required (Vs) 

The volume of storage tank can be determined using the following formula recommended by 

IS 15797:2008 

Vs=  T x N x Q 

Where  

Vs= volume of tank in litre  

T = length of dry day season days= 200 

N = number of people using the tank and= 80 

Q= Consumption in litres per capita per day= 20 

Vs= 200 x 80 x 20 

Vs= 3,20,000 Litres 

3.5. Storage tank requirements  

It is proposed to provide reinforced cement concrete underground water tanks to store the 

water. The size of each tanks and total number of tanks are calculated based on total 

demand/volume of water. The details of calculations are as given below.   

Volume required = 3,20,000 Litres   

Provide tank of 6m x 4m x 3.5m 

Assume free board = 150 mm or 0.15 m 

Therefore, Water depth = 3.5 – 0.15 = 3.35 

Volume (Provided) = 6 x 4 x 3.35  = 80.40 m3  = 80,400 litres= Say 80000 litres 

Number of tanks = 3,20,000 /80000= 4 

The reinforced cement concrete (R.C.C) water tanks and the tanks are designed as per limit 

state design of R.C.C structures. The details of the storage tank is shown Figure 4.  The storage 

tank to be provided 3.0 m below ground level with 0.35 m projected above the ground level.  
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Figure 4: Details of the storage water tank 

3.6 Design of Gutters and Pipes 

A channel that encircles the edge of a sloping roof and is used to collect and convey rainwater 

to a storage tank is referred to as a gutter. Gutters can be semi-circular or rectangular in shape, 

and they are typically made of PVC or galvanised iron sheet. The efficiency of a gutter is 

greatly impacted by the size, width, and location of those elements in relation to the edge of 

the roof and the slope of that edge. Consequently, care was taken in selecting this parameter. 

So, building a gutter with enormous dimensions is essential if you want to gather the most 

water possible. The value of the water collected from it, however, is far greater than the cost 

of building the gutter, so it is cost-effective to create huge gutters with suitable dimensions. 

The gutter width was reduced to account for the throwing wind and pulsating effects. In the 

present work the diameter 125 mm for the gutters and 210 mm width of GI sheet  and down 

pipe of diameter 90 mm are selected as per the IS 15797:2008 (Table 3) based on area of rooftop 

and rainfall intensity.  

3.7 Filtration unit 

When rainwater is harvested in a large rooftop area, the filtering system should accommodate 

the excess flow. A system is designed with three concentric circular chambers in which the 

outer chamber is filled with sand, the middle one with coarse aggregate and the inner-most 

layer with pebbles. This way the area of filtration is increased for sand, in relation to coarse 

aggregate and pebbles. Rainwater reaches the centre core and is collected in the sump where it 

is treated with few tablets of chlorine and is made ready for consumption. 

3.8 First flush system 

The roof of a structure or another collection area will gather debris, dirt, dust and animal 

droppings. This undesired material would be swept into the tank with the first rains. The water 

will become contaminated as a result, lowering its quality. Because of this, many RWH systems 
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include a mechanism for directing this "first flush" water away from the tank. First flush 

devices are the name given to these systems. The most basic concepts rely on a manually 

operated system in which the intake pipe is physically moved away from the tank inlet and then 

replaced once the initial first flush has been redirected. This approach has apparent 

disadvantages in that someone must be there who will remember to relocate the object.            

3.9 Infiltration Pits:  

Infiltration pits are provided to allow the excess water flowing out of the storage tank to flow 

down and improvement of groundwater recharge. Five infiltration fits each of size 3 m x 2 m 

x 1.5 m are recommended for the at the downstream of water tanks   

3.10 Abstract of Estimated Cost of the Project 

The details abstract of estimated cost is shown in Table 2. 

Table 2: Abstract of Cost of Estimation 

SL 

NO 

PARTICULARS QUANTITI

Y 

UNIT RATE PER 

UNIT  

TOTAL 

AMOUNT (Rs.)  

1 Materials     

i 90 mm 4 kg/cm2 PVC 

Downpipe 

110 m Rs. 350/metre 38500 

ii Bend Pipe 16 No. Rs. 100 /piece 1600 

iii T pipe 16  No. Rs. 130 /piece 2080 

iv Valves 16 No. Rs. 150 /piece 2400 

v Gutter pipe 100 m Rs. 210 /metre 21000 

vi Filtration Tank 1 No. Rs. 38000/- 38000 

vii First Flush Tank 1 No. Rs. 8500/- 8500 

viii Concrete M30 240.00 m3 Rs.8000/m3 1920000 

2 Excavation 10 Hours Rs. 1000/hour 10000 

3 Infiltration Pit  5  Nos Rs. 5000/unit 20000 

4 Transportation, Labour 

& Miscellaneous 

   35000 

TOTAL                                                                                                                     Rs. 20,99, 080 

                                                                                                                            Say Rs. 21,000,00  
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4. CONCLUSION 

• The average rainfall of Mangalore region is about 3000 mm and the quantity of roof 

water from the roof area of 528 m2 is quantified as 13, 46,400 litres.  

• Total water requirements of the inhabitants of the building is estimated as 3,20,000 

litres.  Four R.C.C. underground tanks are designed each 80,000 litres capacity.  

• A provision is made for filtration of rooftop harvested before collection in the storage 

tank. 

• The total estimated cost of the project is Rs. 21,00,000 ( Rupees twenty one  lakhs only). 

In long run of the project it is very economical. 

• This project will cater the needs of the Dr. P.A. Ibrahim Haji Memorial Physiotherapy 

Centre to overcome the water scarcity.  

Also in the present scenario of water scarcity this project not only fulfil the water scarcity but 

also brings sustainability in various aspects in rural as well as in urban areas. 
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