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Building Plumbing System 

Introduction 

The following report designs the water supply system for a typical residential building on 
the industrial village. For reference, floor plan of an existing 6-storey building in 
Bangladesh is used. 

Design components:  

1. Size of water distribution pipes. 
2. Dimension of underground water reservoir. 
3. Dimension of overhead water reservoir. 
4. Pump capacity. 

Considerations: 

• Water pressure is 30 psi at public main as was ensured by water distribution 
network design previously. 

• Maximum pressure allowed at any fixture is 50 psi. 
• Service pipe length is 70 ft. 
• Following the design requirements table (Appendix A-5 Water supply system 

design requirements (Source: BNBC 2020)), the minimum pressure required for 
water closets (flush tank), shower heads, lavatories, or kitchen sinks are 55 kPa or 
8 psi. 

• Fixture units (FU) for: 
o Water closet (flush tank): 5 FU 
o Shower head: 4 FU 
o Lavatory: 2 FU 
o Kitchen sink (private): 2 𝐹𝑈 

Assumption: 

• Pressure drop for branch is 1 psi. 
• Distance between overhead tank and roof is 24 ft. 
• Occupancy per unit of a typical floor is 5 people. 
• Units per typical floor are 2. 
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Reference Building 

The reference building used for design has the following characteristics: 

• 6-storey building. Each storey is 3.048 m or 10 ft. 
• Typical floors have 6 bathrooms (with integrated showers), 2 dining rooms, and 2 

kitchens. These correspond to 6 water closets, 6 shower heads, 6 + 2 = 8 
lavatories, and 2 kitchen sinks. 

• Ground floor and roof is assumed to have 1 water closet, 1 lavatory, and 1 kitchen 
sink each. 

• Every water closet uses flush tank system. 

 

Figure 1 Section view displaying individual floors 
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Figure 2 Plan of a typical floor (1st to 5th floor) 

 

Figure 3 Plan of ground floor 
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Determination of Zoning 

Fixture units: 

• Typical floors: 
o 6 water closets:  6 × 5 = 30 FU 
o 6 shower heads:  6 × 4 = 24 FU 
o 8 lavatories:   8 × 2 = 16 FU 
o 2 kitchen sinks:  2 × 2 = 4 FU 
o Total:    30 + 24 + 16 + 4 = 74 FU 

• Ground floor and roof: 
o 1 water closet:  1 × 5 = 5 FU 
o 1 lavatory:   1 × 2 = 2 FU 
o 1 kitchen sink:  1 × 2 = 2 FU 
o Total:    5 + 2 + 2 = 9 FU 

• Total FU: 
o 1st to 5th floor level:  5 × 74 = 370 FU 
o Ground level + roof:  2 × 9 = 18 FU 
o Total:    370 + 18 = 388 FU 

Maximum demand: 

For 388 FU, based on demand curve for systems predominantly using flash tanks 
(Appendix A-1 Estimate curves for demand load based on fixture units), the probable 
peak demand is determined to be 100 GPM. 

Service pipe size: 

For iron pipe, based on the pipe friction loss chart (Appendix A-2 Friction loss per 100-ft 
length of pipe), drop of pressure is: 

1. For diameter 3":  1.8 psi/100' 
2. For diameter 4":  0.45 psi/100' 

The 4" pipe with pressure drop of 0.45 psi/100' will be used tentatively. 

From the water meter pressure loss graph (Appendix A-3 Pressure losses in water meter), 
for 4" pipe, pressure drop is 1 psi. 

Upfeed zone: 

30 = 1 + 1.5(70 + ℎ)(0.45/100) + 0.434ℎ + 8 + 1 

or, ℎ = 41 ft 

Thus, upfeed system would allow water supply to maximum 4 storey, or 3 floors when 
accounted for underground depth. 
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Downfeed zone: 

50/0.434 − 24 = 91 ft 

Thus, downfeed system would allow water supply to maximum 9 storey.  

For this design, downfeed system will be used to supply water across all floors as a 
combined upfeed + downfeed system is unnecessary here. 

Design of Downfeed Zone 

Tank to top fixture: 

Pressure available for overcoming friction: 

𝑝 = 24 × 0.434 − 8 − 1 = 1.42 psi 

Permissible drop per 100 ft: 

1.42 × 100

1.5(24 + 10)
= 2.78 psi/100' 

5th floor to ground floor: 

Pressure available for overcoming friction: 

𝑝 = 9 + 10 × 0.434 − 8 − 1 = 4.34 psi 

Permissible drop per 100 ft: 

4.34 × 100

1.5 × 10
= 28.93 psi/100' 

Pipe sizes: 
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Roof 9 388 100 34 2.78 3.0 

5th 74 379 95 10 28.93 2.0 

4th 74 305 85 10 28.93 2.0 

3rd 74 231 70 10 28.93 1.5 

2nd 74 157 55 10 28.93 1.5 

1st 74 83 38 10 28.93 1.5 

Ground 9 9 20 10 28.93 1.5 
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Overhead Tank 

Daily water demand: 

• Total occupancy:   5 × 2 × 5 = 50 person 
• Per person daily demand:  120 lpcd  [Category y2: < 1500 sft] 
• Total domestic demand:  120 × 50 = 6,000 lpd = 6 m3 
• Tank volume for regular demand: 6/2 = 3 m3  [2 × 30 mins pumping] 
• Demand for firefighting:  1000 lpm × 30 mins = 30 m3 

See Appendix A-4 Fire protection flow requirements (Source: BNBC 2020) 
• Total tank volume:   3 + 30 = 33 m3 
• From building section view, the position of overhead tank is above stair. 

Maximum size of OHWR:   (1.8 + 2.4) m × 5.6 m = 4.2 m × 5.6 m 
Actual size:    10' × 15' = 3.048 m × 4.572 m 

• Depth of OHWR:   33/(3.048 × 4.572) = 2.368 m 
• Freeboard:    1 ft = 0.305 m 
• Total depth of OHWR:  2.368 + 0.305 = 2.673 𝑚 = 8.770 𝑓𝑡 ≈ 9 𝑓𝑡 
• Therefore, dimension:  10' × 15' × 9' 

 

Figure 4 Schematic diagram of OHWR 
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Underground Water Reservoir 

• Daily domestic demand: 6 m3 
• Firefighting demand:  30 m3 
• Total volume:   6 × 2 + 30 = 42 m3 
• Maximum size of UGWR: 7.37 m × 4.5 m 

Actual size:    20' × 12' = 6.096 m × 3.658 m 
• Depth of UGWR:  42/(6.096 × 3.658) = 1.883 m 
• Freeboard:   0.305 m 
• Total depth of UGWR: 1.883 + 0.305 = 2.188 m = 7.17 ft ≈ 8 ft 
• Therefore, dimension: 20' × 12' × 8' 

 

Figure 5 Schematic diagram of UGWR 
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Pump Capacity 

• Water carried per pump:  6,000/2 = 3,000 liter/30mins = 26.42 gpm 
• Assumed velocity:   8 fps 
• Corresponding friction loss:  16 psi/100' 
• Riser length: 

o 𝐿𝑠𝑡𝑎𝑡𝑖𝑐:    𝐷𝑈𝐺𝑊𝑅 + 𝐻𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔 + 𝐻𝑟𝑜𝑜𝑓−𝑂𝐻𝑊𝑅 
= 8' + 60' + 24' = 92'  

o 𝐿ℎ𝑜𝑟izontal:   𝐿𝑈𝐺𝑊𝑅−𝑠𝑡𝑎𝑖𝑟 + 𝐿𝑟𝑎𝑖𝑠𝑒𝑟−𝑂𝐻𝑊𝑅 
= 24.6' + 10' = 34.6'  

o 𝐿𝑡𝑜𝑡𝑎𝑙:    92 + 34.6 = 126.6' 

• Total frictional head, 𝐻𝐿:  𝐿
ℎ𝐿

100
+ requirements at OHWR + minor loss 

= 126.6 ×
16

100
+ 8 + 5 = 33.3 psi  

• Friction head:    33.3 ×
144

62.4
 ft 

= 76.8 ft  

• Velocity head:   𝑣2

2𝑔
=

82

2×32.2
= 0.99 ft 

• Total head, 𝐻:    static head +  velocity head +  friction head 
= 92 + 0.99 + 76.8 = 169.79 ft  

• Assumed efficiency, 𝐸:  65% 

• Required capacity of pump:  𝐻𝑄

3960𝐸
 

=
169.79×26.42

3960×0.65
  

= 1.74 HP  
≈ 2 HP  
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Appendices 

Appendix A Plumbing Design Aids 

 

Appendix A-1 Estimate curves for demand load based on fixture units 
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Appendix A-2 Friction loss per 100-ft length of pipe 
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Appendix A-3 Pressure losses in water meter 

 

Appendix A-4 Fire protection flow requirements (Source: BNBC 2020) 
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Appendix A-5 Water supply system design requirements (Source: BNBC 2020) 
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  55  kPa


  8  psi


  5  FU


  4  FU


  2  FU


  2   F U


  1  psi


  24  ft


  3 . 048  m


  10  ft


  6 + 2 = 8


  6 × 5 = 30  FU


  6 × 4 = 24  FU


  8 × 2 = 16  FU


  2 × 2 = 4  FU


  30 + 24 + 16 + 4 = 74  FU


  1 × 5 = 5  FU


  1 × 2 = 2  FU


  1 × 2 = 2  FU


  5 + 2 + 2 = 9  FU


  5 × 74 = 370  FU


  2 × 9 = 18  FU


  370 + 18 = 388  FU


  388  FU


  100  GPM


  3 "


  1 . 8  psi/100'


  4 "


  0 . 45  psi/100'


  4 "


  0 . 45  psi/100'


  4 "


  1  psi


  30 = 1 + 1 . 5  ( 70 + h )  ( 0 . 45 / 100 ) + 0 . 434 h + 8 + 1


  or,  h = 41  ft


  or,  h = 41  ft


  50 / 0 . 434 − 24 = 91  ft


  p = 24 × 0 . 434 − 8 − 1 = 1 . 42  psi


    1 . 42 × 100  1 . 5  ( 24 + 10 ) = 2 . 78  psi/100'


  p = 9 + 10 × 0 . 434 − 8 − 1 = 4 . 34  psi


  100  ft


    4 . 34 × 100  1 . 5 × 10 = 28 . 93  psi/100'


  gpm


  psi/100'


  5 × 2 × 5 = 50  person


  120  lpcd


  < 1500  sft


  120 × 50 = 6 , 000  lpd = 6    m 3


  6 / 2 = 3    m 3


  2 × 30   mins


  1000  lpm × 30  mins = 30    m 3


  3 + 30 = 33    m 3


   ( 1 . 8 + 2 . 4 )  m × 5 . 6  m = 4 . 2  m × 5 . 6  m


  10 ' × 15 ' = 3 . 048  m × 4 . 572  m


  33 /  ( 3 . 048 × 4 . 572 ) = 2 . 368  m


  1  ft = 0 . 305  m


  2 . 368 + 0 . 305 = 2 . 673   m = 8 . 770   f t ≈ 9   f t


  10 ' × 15 ' × 9 '


  6    m 3


  30    m 3


  6 × 2 + 30 = 42    m 3


  7 . 37  m × 4 . 5   m


  20 ' × 12 ' = 6 . 096  m × 3 . 658  m


  42 /  ( 6 . 096 × 3 . 658 ) = 1 . 883  m


  0 . 305  m


  1 . 883 + 0 . 305 = 2 . 188  m = 7 . 17  ft ≈ 8  ft


  20 ' × 12 ' × 8 '


  6 , 000 / 2 = 3 , 000  liter/30mins = 26 . 42  gpm


  8  fps


  16  psi/100'
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    D  U G W R +   H  b u i l d i n g +   H  r o o f − O H W R
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  = 8 ' + 60 ' + 24 ' = 92 '
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    H  L
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  33 . 3 ×  144  62 . 4  ft


  = 76 . 8  ft


      v 2  2 g =    8 2  2 × 32 . 2 = 0 . 99  ft


  H


  static   head   +   velocity   head   +   friction   head


  = 92 + 0 . 99 + 76 . 8 = 169 . 79  ft


  E


  65 %


    H Q  3960 E


  =   169 . 79 × 26 . 42  3960 × 0 . 65


  = 1 . 74  HP


  ≈ 2  HP

