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ABSTRACT 

Plumbing as a technology falls under the purview of building services, which helps an 

occupant to use their building for the purposes for which it has been developed. This 

study of plumbing system plan is aimed at planning a plumbing system that is 

compatible of eco-friendly environments and meet the 5 aspects of safety, economic, 

comfort, sustainable and aesthetics. 

 

Multistoried buildings are inevitable in today’s modern living. Other than structural 

stability there are lot of services being emphasized like water supply, sanitary, 

firefighting, etc., A civil engineer’s scope under duty are not only to design and 

construct the structure, but also to provide the best services and maintenance. So we 

decide to take a case study of a proposed G+8 storey residential apartment, for that we 

decide to design a perfect engineering plumbing system. This report includes the 

necessary CAD files as well as all the calculations and considerations in detail. 
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CHAPTER 1 INTRODUCTION 

1.1  General 

All the places where people live needs basic services like water supply and sanitation. 

In a residential or commercial building where people need to stay for longer period of 

time requires those services integrated into the building. Proper design and 

construction of those services ensures economy and safety of the users. Therefore, 

plumbing design is an integrated part of the detailed design of the building along with 

architectural, structural electrical designs. Building in large cities may require to have 

an approved design from the water supply authority to get a water and sewage 

connection. This project report presents such a design for a residential building. 

1.2  Objectives Of  The Study 

The major objectives were identified and pointed out to fulfill the purposes are given 

below: 

1. To determine the right size of different components of this system. 

2. To determine the proper planning of plumbing system for a multistorey 

residential building 

1.3  Limitation Of  The Study 

Some of the features of a complete design is not presented in this report which are:   

• Some of the sizing options are fixed by architectural design and this report 

only verifies those size provided.          

• Detailed design of structural elements to hold the plumbing in place is not 

included.  

• Cost and volume estimation is not included. 
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1.4  Overview Of Research Program 

 The research work conducted for achieving the objectives is presented through 

several chapters of this thesis. There are five more chapters of this thesis 

excluding the current chapter. Brief discussions of those chapters are stated 

below. 

Chapter 2 (Basic Information of the Project): This chapter is provides to the 

general information of the project. 

Chapter 3 (Design of Water Supply System): Water supply & distribution system is 

discussed here. The supply system used on a G+8 storied residential building. 

Chapter 4 (Design of Sewerage System): Soil and waste water design and disposal 

system is discussed here. Also vent pipe design system is discussed. 

Chapter 5 (Rain Water Drainage System): This chapter provides Rain water 

catchment area calculations, pipe sizing and disposal system. 

1.5  Summary 

This chapter of the report introduces the project and the report. The description 

summarizes all the design that are presented throughout the report along with the 

objectives and limitations. The following chapter provides the specific project data. 
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CHAPTER 2 BASIC INFORMATION OF THE PROJECT 

2.1  General Data Of The Project 

A table has been given below to the details information of the project. 

 

Occupancy Type Residential 

Building Category Small Apartment (y2) 

Building Storey 9 Storied (G+8) 

Number of Basements N/A 

Building Height 99 ft 

Number of Residents 100 

Land Area 3455 sft 

Cover Area 2786 sft 

Floor Area 2636 sft 

Type of Structure RCC Frame 

2.2  Location Of The Project 

Address of the project  : Plot-529, Mouza-Goran, R.S-5217, East Mothertek,                                     

Sobujbagh, Dhaka.    
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2.3  Plumbing Design Considerations 

 BNBC 2020 has been followed for the design. 

 Every flat has balconies. 

 Water Supply: 

WASA is supplying water to the underground reservoir tank. 

Water distribution system is gravity driven system (not a pressure system). 

Own pumping system will be used to pump the water to the over head tank above 

the roof. 

Master bed attached toilet considered hot water distribution system (10 gallon 

geyser). Others considered only cold water distribution system.  

Water will be pumped to the over head tank (OHT) twice a day. 

Underground water reservoir considered for 2 days.           

 

Sewerage System: 

 No sewers are available in the area. Buildings must have their own treatment 

facility- Septic tank. 

 Two pipe system is used and hence Soil and Waste water are drained 

separately. 

 Only black water (from soil stack) will be diverted into septic tank. 

 Effluent from septic tank will flow to the existing drain of building front. 

 All waste water will directly flow to the existing drain of building front. 

 

Storm / Rain Water: 

 There is no rain water harvesting system. 

 Rain water from roof and balcony will be collected by separate stack system. 

 Rain water will dispose to above ground and finally flow will be released to 

the existing drain of building front. 
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CHAPTER 3 DESIGN OF WATER SUPPLY SYSTEM 

3.1  General 

A water supply system design requires the following components to be considered: 

 Calculation of demand and estimate the water volume. 

 Determine / Check adequacy of the underground water reservoir. 

 Calculate / select the capacity of the pump to deliver water to the over head 

tank within a certain time limit (say, about 30 minutes pumping). This will 

include the pump riser size. 

 Determine / Check adequacy of the underground water reservoir. 

 Design the distribution pipe line over the roof and the risers. 

 Design the distribution pipes over each of the facilities. Generally these pipes 

run over the false slab of the toilets and through the walls. 

 Check the pressure of the most vulnerable water fixture (predicted to have the 

lowest pressure). This fixture is generally located on the top floor and having 

the longest supply pipe network. 

3.1.1 Demand Calculation 

Use total people number and per capita demand for specific occupancy type. 

Total demand = Population * per capita demand 

 => Q= p * q 

Here, p= Number of flats/apartment * 6 persons/flat 

 q= 120 lpcd (for small apartment (y2) from table 8.5.1(a) BNBC 2020) 

Determined demand for a 9-storey apartment building with 16 flats with 6 persons in 

each flat: 

Q= p * q 

   = (16*6) * 120 

   = (96+4) * 120 

= 12000 Liters/Day 

   = 12.0 m³/day 

3.1.2 Under Ground (UG) Reservoir 

Generally the Architect provides the design and location for such reservoirs. In such 

case it is necessary to check the adequacy of the volume provided. A ratio of 
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Volume/Demand provides the security or extra water that can be stored in case of a 

water supply disruption. The actual volume of the reservoir should include dead 

volumes at bottom (never be pumped out) and free board (at top, which will never be 

filled). 

Water demand V = 12 m3/day 

Require Volume of UG water tank, 

V = (12 + 12)    [From BNBC 2020 Table 5.9.1.2.c] 

= 24.0 m3 

Depth of UG water tank, 

H = V1\3  

= (24)1/3 

= 2.884 m 

Free board, FB = 0.15 m 

Total depth, H = H + FB 

= 2.884 + 0.15 

= 3.034 m 

Tank Area,  

A = L * B = V / H 

=> A = 24 / 2.884 

= 8.32 m² 

Assume, length to width ratio of 2 

=> L = 2 B 

Now, Area, A = L * B 

=> 2B * B = 8.32 m2 

=> B2 = 8.32 / 2 = 4.16  

=> B = √4.16 = 2.039 m 

Therefore, 

L = 2 B 

= 2 * 2.039 = 4.078 m 

UG Water Tank Size 

L = 4.078 m,   B = 2.039 m,   H = 3.034 m 

Figure for the UGWT is shown in CAD #16. 

3.1.3 Over Head Water Tank (OHWT) 

In this part of the report the available size provided or set by the Architect is being 

checked. If architectural design is not available than the size is designed. Larger OHT 



©Daffodil International University                                   Page-7 

size leads to higher live load. As it has been decided to pump twice everyday, 

therefore the size of OHT should include 50% daily demand, dead volume and 

volume for free board. This results in the size is about 60~70% of daily demand. 

Daily water demand, V= 12.0 m3/day 

It is decided that the users will pump 50% of the daily demand twice a day. 

So, the required volume of OHT water tank 

V = 0.5*12.0 = 6.0 m3 

Depth of OHT,  H = V1\3 = (6.0)1/3 

= 1.817 m 

Free board, FB = 0.15 m 

Total depth, H = H + FB = 1.817+0.15 = 1.96 m 

Tank Area,   A = 6.0 / 1.90 = 3.15 m2 

Assume, L = 2 B 

A = 2 B * B = 3.15 m2 

=> B2 = 3.15 / 2 = 1.57 

=> B = √1.57 = 1.25 m 

Therefore,  L = 2B = 2 * 1.25 = 2.51 m 

OHT water tank Size 

L = 2.51 m, B = 1.25 m, H = 1.96 m 

Figure for the OHWT is shown in CAD #16. 

3.1.4 Pump Selection 

Pump capacity should be such that, it matches the electricity type (volt) and should be 

able to pump the desired volume within 30 minutes or so. 

Estimation of power required for the pump 
  

𝐾𝑊 =
𝑄(𝑙 𝑠⁄ ) × 𝐻𝑒𝑎𝑑(𝑚)

75 × 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦
× 0.746 

 

Here,  Q= 6.0 m3/hr. = 
∗ ∗

= 1.67𝑙𝑝𝑠 

  Efficiency = 50% 

  and, Head = (34.65+6.4) = 41.05 m 

𝐾𝑊 =
1.67 × 41.05

75 × 0.5
× 0.746 = 1.37 

 

Following PWD-2018 Schedule, 



©Daffodil International University                                   Page-8 

Selecting Multi Stage-Three Phase Pump. 

Pump Capacity Details:  

HP= 2  

Q= 20-140 lpm 

Head= 30-56 m 

Suction pipe diameter= 32 mm and  

Delivery pipe diameter= 25 mm. 
 

3.1.5 Riser Size  

Riser size is related to pump delivery pipe diameter. With the pumping rate, head and 

diameter of the pipe, head loss can be calculated. The water velocity should not 

exceed 1.5 m/s (to minimize water hammer). Typical figure for risers along with the 

OHT and UG reservoir and pump is shown in CAD #16. 

3.2  Distribution Piping Design 

CAD#06 & CAD#12 are provided showing riser, and distribution piping over the 

false ceiling with all the branches. BNBC provides the typical standard diameter for 

these pipes. For example all risers to the fixtures to be 13 mm dia (0.5 inch) pipes, 

while pipes running over the false ceiling are 19 mm in diameter (0.75 inch). But, 

those standards should be checked for pressure drop study. 

3.2.1 Pressure Check For Distribution Network. 

The distribution pipeline diameters are checked for pressure. The objective of this 

calculation is to ensure minimum water pressure in the most difficult fixture. Most 

difficult fixture is generally located on the top floor with the highest pipe length from 

the source. The calculation table also helps to identify any inadequacy in the 

preliminary design and take corrective measures, i.e. adjust the diameter of the pipes 

which produce excessive head loss. 

An isometric sketch showing the pipe layout on the roof and the risers were created to 

better understand this design and head-loss calculation. CAD#5, CAD#06 and 

CAD#07 are used to get a total picture of that part of network which are used to 

deliver water to the most difficult fixture. 

The Hazen Williams equation is used for head-loss calculations. The equation can be 

written in the following form: 

 𝑄 = 3.7 × 10 𝐶𝐷 .
.
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Where,  Q  =  Flows, lps 
 C  =  Roughness coefficient (100 – 140 for rough to smooth pipes) 
 D  =  Diameter, mm 
 H  =  Head loss, m 
 L  =  Length of pipe, m 
For a definite value of C, the equation can be written as: 

 = 1.39 × 10
.

.
 ---- ---- --- [for C = 130] 

This above formula is used to calculate the head-loss or pressure check. WSFU were 
obtained from BNBCTable 8.0.1in . Besides BNBC Table 8.0.2(a), 8.0.2(b), 8.0.2(c)is 
used to get the equivalent lengths for different valves and fittings. BNBC figure 8.0.1 
is used to convert WSFU values to lpm values. For lower range of values a simple 
conversion factor is used as it is very difficult to obtain lpm values in that range. 

Table 1: Analysis and design of distribution pipes based on head loss calculation 

 

Pipe 

Length, 

L (m) 

Diameter, 

D (mm) 

WSF

U GPM LPM LPS H/L H 

A-Elbow 1.83 63 184 62 234.98 3.916 0.030 0.055 

AB 2.75 63 184 62 234.98 3.916 0.030 0.082 

B- Elbow 1.83 63 184 62 234.98 3.916 0.030 0.055 

BC 2.03 63 184 62 234.98 3.916 0.030 0.061 

BC-Gate 0.85 63 184 62 234.98 3.916 0.030 0.025 

C-Elbow 1.83 63 184 62 234.98 3.916 0.030 0.055 

CD 1.95 63 184 62 234.98 3.916 0.030 0.058 

D-Tee 3.66 63 184 62 234.98 3.916 0.030 0.110 

DE 7.798 50 80 38 144.02 2.400 0.037 0.291 

E-Elbow 1.53 50 80 38 144.02 2.400 0.037 0.057 

EF 4.25 50 80 38 144.02 2.400 0.037 0.159 

F-Elbow 1.53 50 80 38 144.02 2.400 0.037 0.057 

FG 0.45 50 80 38 144.02 2.400 0.037 0.017 

FG-Gate 0.7 50 80 38 144.02 2.400 0.037 0.026 

G-Elbow 1.53 50 80 38 144.02 2.400 0.037 0.057 

GH 0.92 50 80 38 144.02 2.400 0.037 0.034 

H-Tee 3.05 50 80 38 144.02 2.400 0.037 0.114 

HI 0.61 25 10 14.6 55.33 0.922 0.186 0.114 

I-Tee 1.53 25 10 14.6 55.33 0.922 0.186 0.285 

IJ 0.46 25 10 14.6 55.33 0.922 0.186 0.086 
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J-Elbow 0.79 25 10 14.6 55.33 0.922 0.186 0.147 

JK 1.95 25 10 14.6 55.33 0.922 0.186 0.363 

K-Tee 1.53 25 10 14.6 55.33 0.922 0.186 0.285 

KL 0.6 19 5 9.4 35.63 0.594 0.314 0.188 

L-Tee 1.22 19 5 9.4 35.63 0.594 0.314 0.383 

LM 0.97 19 4 8 30.32 0.505 0.233 0.226 

M-Elbow 0.61 19 4 8 30.32 0.505 0.233 0.142 

        3.533 

 

Note: WSFU to GPM was determined using IPC 2018 Table [Appendix] 

 

Total Head  = 5.491m 

Head loss  = 3.533m 

Available Head = 1.958m = 2.78psi  

3.2.2 Typical Figure For Connections  

Typical standard for valves, joints, clumps etc. are also provided in the CAD. 
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CHAPTER 4 DESIGN OF SEWERAGE SYSTEM 

4.1  General 

The detailed calculations for the design of different components are presented in this 

chapter. The sewerage plumbing pipes for each floors are generally located below the 

floor slab and the vertical stacks run through the designated voids to the building 

drains. 

A waste water drainage system design requires the following components to be 

considered: 

 Determine the wastewater load in terms of fixture unit from each bathroom or 

other units which produces wastewater. 

 Selection / Check adequacy of the size (diameter) of the branch pipes 

according to BNBC. 

 Selection / Check adequacy of the size (diameter) of the vertical stack pipes 

according to BNBC. 

 Determining the grade and diameter of the building drain. 

 Design the septic tank.                                                                                                         

4.2  WASTE WATER LOADS 

There are four toilet unit locations and two kitchen location in the first to eight typical 

floor plan and ground floor have one number of toilet for care taker. All these kitchens 

and toilets are using a total of four (4) ducts to run down the vertical stacks. Waste 

water loads are calculated based on the Fixture Unit (FU) system. In this system a 

load value is assigned for each type of wastewater fixture. The relevant table from 

BNBC [Table 8.6.12] is provided in Appendix: BNBC Tables. FU values are picked 

up from that table to determine the total FU load coming from each toilet to each type 

of vertical stacks. The fixture unit loads to different stacks from these toilets are listed 

in the following table: 
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Table 4.1: Listing of fixture unit loads from each toilet and kitchen (Ground to 8th 

Floor) 

DUCT-1 

FIXTURES GF 1F 2n

d 

3rd 4th 5t

h 

6th 7th 8th No.of 

Fixture 

FU 

Water closet (flush 

tank) 

0 1 1 1 1 1 1 1 1 8 48 

Wash Basin (domestic) 0 1 1 1 1 1 1 1 1 8 8 

Kitchen sink 0 0 0 0 0 0 0 0 0 0 0 

Shower 0 1 1 1 1 1 1 1 1 8 32 

Laundry 1 1 1 1 1 1 1 1 1 9 27 

Floor trap 1 1 1 1 1 1 1 1 1 9 9 

DUCT-2 

FIXTURES G.

F 

1st 2n

d 

3rd 4th 5t

h 

6th 7th 8th No. of 

Fixture 

FU 

Water closet (flush 

tank) 

0 1 1 1 1 1 1 1 1 8 48 

Wash Basin (domestic) 0 2 2 2 2 2 2 2 2 16 16 

Kitchen sink 0 1 1 1 1 1 1 1 1 8 16 

Shower 0 1 1 1 1 1 1 1 1 8 32 

Laundry 1 1 1 1 1 1 1 1 1 9 27 

Floor trap 1 1 1 1 1 1 1 1 1 9 9 

DUCT-3 

FIXTURES G.

F 

1st 2n

d 

3rd 4th 5t

h 

6th 7th 8th No. of 

Fixture 

FU 

Water closet (flush 

tank) 

0 1 1 1 1 1 1 1 1 8 48 

Wash Basin (domestic) 0 2 2 2 2 2 2 2 2 16 16 

Kitchen sink 0 1 1 1 1 1 1 1 1 8 16 
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Shower 0 1 1 1 1 1 1 1 1 8 32 

Laundry 1 1 1 1 1 1 1 1 1 9 27 

Floor trap 1 1 1 1 1 1 1 1 1 9 9 

 

DUCT-4 

FIXTURES G.

F 

1st 2nd 3r

d 

4th 5th 6t

h 

7th 8th No.  

of 

Fixture 

FU 

Water closet / Long pan  

(flush tank) 

1 1 1 1 1 1 1 1 1 9 54 

Wash Basin (domestic) 0 1 1 1 1 1 1 1 1 8 8 

Kitchen sink 0 0 0 0 0 0 0 0 0 0 0 

Shower 0 1 1 1 1 1 1 1 1 8 32 

Bib cock 1 0 0 0 0 0 0 0 0 1 1.5 

Laundry 1 1 1 1 1 1 1 1 1 9 27 

Floor trap 1 1 1 1 1 1 1 1 1 9 9 

 

Table 4.2: Listing of total fixture unit loads on different stack (Ground to 8th Floor) 

 

Duct No. Total Fixture Unit Load  

on Waste Stack (WS) 

Total Fixture Unit Load  

on Soil Stack (SS) 

1 76 48 

2 100 48 

3 100 48 

4 77.5 54 

Total 353.5 198 

 

 

CAD #19 includes the section detail of fixture. 
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4.3  Selection Of Branch And Stack Pipe Size 

All branch pipes are selected to be 100 mm in diameter. This uniform size selection 

will eliminate the need of reducers and will reduce the hassle of maintaining different 

sized pipe stocks for any repair work. According to Table 8.6.14 from BNBC 

(Appendix: BNBC Tables) this 100 mm branch pipe can take up to 160 FU load and 

hence this selection is more than enough.  That table also indicate that the vertical 

stacks of this size can take up to 500 FU load and hence this design or selection is 

enough. CAD#13 includes a sketch of stack with velocity reducer arrangement. CAD 

#14 & CAD#15 includes typical soil stack, waste water stack, rain water stack & vent 

stack joint details. 

 

4.4  Design Of Building Drain 

Total load on building drains for SS and WS are 198 and 353.5 FU accordingly. 

Therefore, according to BNBC Table 8.6.15 (Appendix: BNBC Tables), Ø150 mm 

pipe is selected with a slope of 1/100. This setup has a capacity of 700 FU load. 

Layout of the building drain with, Septic tank, building sewer etc are shown in CAD 

#01. A layout of the UG reservoir for water supply is shown in CAD #01. These two 

elements are separated by sufficient distance to prevent any chance of cross 

contamination. CAD#14 and CAD#15 shows the detailed of stack connections and 

CAD#18 shows detailed sections of typical inspection pits for building drains. 

 

4.5  Design Of Septic Tank. 

Septic tank has been designed according to the process described in the text book. All 

the details for septic tank arrangements are provided in CAD #17. 

Size of Septic Tank, 

Length = 4.078 m  

 Width = 2.039 m 

Depth = 3.034 m 
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CHAPTER 5 DESIGN OF STORM WATER DRAINAGE 

SYSTEM 

5.1  General 

There is no special arrangements to store and manage storm water for this building. 

Arrangements were made to discharge rain water easily from roof through several rain 

stacks to the building drain. 

5.2  Storm Water Management System 

Rain/storm water is disclosed to building drain and will flow to the available drainage 

system.  

Roof rain water disposal system detailed are shows in CAD#04. 
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CHAPTER 6 CONCLUSIONS AND RECOMMENDATIONS 

6.1  General 

An extensive computational plumbing design has been performed on G+8 storey 

residential building. This project is about to design a plumbing & sanitary system. So, 

at first a details has been made in second chapter for better understanding of the 

project information. Necessary plumbing design consideration are also included in 

that chapter. The detailed water supply design process has been discussed in chapter-3. 

Necessary tables & figure are also included in that chapter. In chapter-4 the sewerage 

system design has been provided. And chapter-5 discussed the rain water management 

system. 

6.2  Conclusion Of The Study 

A plumbing system design for multistorey residential building is described in this 

thesis. Determined the right size of pipe for water supply, sanitary and drainage works. 

Also designed UGWR, OHWT, septic tank, centrifugal pump, inspection pit, etc. All 

the design parameter determined according to Bangladesh National Building Code-

2020.  

6.3  Future Scopes And Recommendation 

 A recyclable plumbing system which enables regarding it waste water/rain 

could be done for sustainable and energy efficient purpose of this project. 

 A comparative study on cost analysis can be done as well as the fire fighting 

system design can be done for further research. 
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Appendices 
 

Appendix: BNBC Tables  



©Daffodil International University                                   Page-20 

 

 

 



©Daffodil International University                                   Page-21 

 

 

 

 

 

 

 

 

 

 

 



©Daffodil International University                                   Page-22 

 

 

 

 

 



©Daffodil International University                                   Page-23 

 

 

 

 

 



©Daffodil International University                                   Page-24 

 

 

 

 



©Daffodil International University                                   Page-25 

 

 

 

 

 

 

 

 

 

 

 

 



©Daffodil International University                                   Page-26 

 

 

 

 

 

 

 



©Daffodil International University                                   Page-27 

 

 

 

 

 



©Daffodil International University                                   Page-28 

 

 

 

 

 
 



©Daffodil International University                                   Page-29 

 

 

 

 

 

 

 

 

 

 



©Daffodil International University                                   Page-30 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



©Daffodil International University                                   Page-31 

Appendix: CAD Files 
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CAD#01 
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CAD#02 
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CAD#03 
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CAD#04 
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CAD#05 
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CAD#06 
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CAD#07 
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CAD#08 
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DUCT-4  

FIXTURES G.

F 

1s

t 

2n

d 

3r

d 

4t

h 

5t

h 

6t

h 

7t

h 

8t

h 

No.  

of 

Fixture 

F

U 
 

 

Water closet / Long pan  

(flush tank) 

1 1 1 1 1 1 1 1 1 9 54  

Wash Basin (domestic) 0 1 1 1 1 1 1 1 1 8 8  

Kitchen sink 0 0 0 0 0 0 0 0 0 0 0  

Shower 0 1 1 1 1 1 1 1 1 8 32  

Bib cock 1 0 0 0 0 0 0 0 0 1 1.

5 
 

Laundry 1 1 1 1 1 1 1 1 1 9 27  

Floor trap 1 1 1 1 1 1 1 1 1 9 9  

 DUCT-4 

 FIXTURES G.

F 

1s

t 

2n

d 

3r

d 

4t

h 

5t

h 

6t

h 

7t

h 

8t

h 

No.  

of 

Fixture 

FU 

 

 Water closet / Long 

pan  

(flush tank) 

1 1 1 1 1 1 1 1 1 9 54 

 Wash Basin (domestic) 0 1 1 1 1 1 1 1 1 8 8 

 Kitchen sink 0 0 0 0 0 0 0 0 0 0 0 

 Shower 0 1 1 1 1 1 1 1 1 8 32 

 Bib cock 1 0 0 0 0 0 0 0 0 1 1.5 

 Laundry 1 1 1 1 1 1 1 1 1 9 27 

 Floor trap 1 1 1 1 1 1 1 1 1 9 9 
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CAD#09 
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CAD#10 
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CAD#12 



©Daffodil International University                                   Page-45 

CAD#13 
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CAD#15 
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CAD#16 



©Daffodil International University                                   Page-49 

 

CAD#17 
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CAD#18 
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CAD#19 


