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Abstract- Multistoreyed buildings are inevitable in today’s modern living. For plumbing purposes, the term “multi-storey” is

applied to buildings that are too tall to be supplied throughout by the normal pressure in public water mains. Water main

supply pressure of 8-12 meter (25-40 feet) can supply a typical two-storey building, but higher buildings may need pressure

booster systems. The main aim of the study is to develop optimization model for designing down feed piping system in

multistoreyed building by minimizing the cost of piping. The specific objectives of this study are: To develop linear

programming-based methodology for the design of water plumbing system in multistoreyed building. To demonstrate the

applicability of the developed optimal design method for example problem. To compare the performance of the developed

optimal design method with traditional method of design.

Keywords- Design of plumbing, Investment cost, Rain water, Water supply, Waste water.

I. INTRODUCTION

In recent years, the rapid development of the economy,
whether it is urban or township, the degree of housing
community is getting higher and higher, people’s
requirements for the water supply and drainage function of
the building are constantly improving. In this paper, the
seven-storey building in a certain district is taken as the
research object, and the design analysis is carried out
according to the relevant data of the building.[1]

Plumbing is a general term which indicates the practice,
materials and fixtures used in the installation and
maintenance of all piping, fixtures, appliances, and other
appurtenance used in the connections both the public and
private water supply system, within or adjacent to or any
building or any connection with any point of public
disposal. The entire system of piping, fixtures, appliances,
etc. used in providing water supply and drainage to a
building is, therefore it is called a plumbing system.[2]

The distribution of water within the building from the city
mains or the other sources such as ground water can be
obtained by several piping systems. Each method has its
own merits and demerits depending upon the local
conditions. Such piping systems must, however, is
designed to provide uniform flow and pressure in all floors
and places within certain practical limitations.[3]

To meet the water requirement during non-supply hours,
the piping system using overhead tank is used where water
is stored in overhead tanks placed on the terrace, which are
filled with the direct connections from the mains.[4]

Traditionally the pipes are designed by balancing the
frictional head loss with the potential energy to meet the
pressure head and discharge requirements. By the
traditional method of design, we may not get the result in
the minimum cost of the piping system. Therefore, we can
use optimization methods for minimizing the cost of the
piping system satisfying the pressure head and discharge
requirements.[5]

The optimality of a design depends on the model and is
assessed with respect to a criterion, specifying an
appropriate model. The optimal solution always means
minimum cost of network. The word “minimum” is only
relative. With different criteria or objection functions;
different values for “minimum cost” can be obtained for
the same system.[6]

Il. RESEARCH METHODOLOGY

To develop a linear programming for the design of down
feed piping system in a multistoried building. To
demonstrate the applicability of the developed optimal
design method for example problems. To compare the
performance of the developed optimal design method with
the traditional method of design. Compare the developed
optimal design method with the traditional method of
design.

The model selects the design pipe sizes for the main
(downfeed) as well as the branch lines in the buildings
from the available diameters in the market. The decision
variables of the optimization model will be the lengths of
the different available diameters for pipes in different
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floors. The constraints for recommended minimum and
maximum values of velocity in the pipes will also be
imposed in the model. LINGO 19.0 will be used to solve
the linear programming-based model. Different equations
are available for computing frictional head loss such as
due to Darcy-Weishach, Hazen-Williams, Scoby etc. We
use Darcy- Weisbach and Hazen-William’s formulae for
this study.

I1l. RESULTS AND DISCUSSION

The traditional and optimal methods for design of piping
systems in buildings were presented. The design
requirements for piping system. The application of design
methods is illustrated through design examples. The
solution results to calculate the pipe diameters by both
optimization and traditional methods are presented and
discussed. Further, the optimal design method is also
applied to see the effect of number of hydraulic zones in
tall buildings in total cost of the piping system.

1. Water supply by underground overhead tank:
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Fig 1. Water supply.

2. Flow chart for design of piping system by
optimization method:
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Fig 2. Flow Chart.

IV. TRADITIONAL DESIGN

By trial-and-error method, selection of pipe diameters was

made by considering the energy head loss in each floor or
sector as nearly equal to the available static head at that
point as given in Table 1.1. The cost of piping system is
then calculated according to the selected diameters and is
given in Table 1.1. From Table 1.1 it can be seen that the
cost of the piping system designed by traditional method
using Darcy-Weisbach Formula is Rs.14902.65.
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The diameters were also selected by using Hazen-William
equation for head loss calculation. The design diameters of
pipes with the cost of the system are given in Table 1.1.
The cost of the piping system using HazenWilliam
Equation is Rs.15224.85.

Table 1. The design diameters of pipes with the cost of the

system
Storeys | Nominal | Internal |Cumulative Static
Diameter | Diameter | Head Loss head
(mm) (mm) (m) available
(m)
7th
storey
Main 40 425 522
pipe
Branch 20 21.3 2713
pipe of
first
flat
20 21.3 .5426
20 21.3 .3488
20 21.3 .0627
Branch Four Four 1.225
pipe of | pipesof | pipes of
second 20mm 21.3mm
flat diameter | diameter
2.972m~ 3m
3m
Gth
storey
Main 40 425 .6654
pipe
Branch Four Four 1.225
pipe of | pipesof | pipes of
first 20mm 21.3mm
flat diameter | diameter
Branch Four Four 1.225
pipe of | pipesof | pipes of
second 20mm 21.3mm
flat diameter | diameter
6.087~6 6m
m
51h
storey
Main 40 425 4238
pipe
Branch Four Four 1.225
pipe of | pipesof | pipes of
first 20mm 21.3mm
flat diameter | diameter
Branch Four Four 1.225
pipe of | pipesof | pipes of
second 20mm 21.3mm
flat diameter | diameter
8.96~9m 9m
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4th
storey
Main 25 26.9 1.845
pipe
Branch Four Four 1.225
pipe of | pipesof | pipes of
first 20mm 21.3mm
flat diameter | diameter
12.03~12 12m
m
3rd
storey
Main 25 26.9 1.458
pipe
13.488m 15m
(friction
loss is
ignored)
an
storey
Main 20 21.3 21.496m
pipe
15.637m 18m
(friction
loss is
ignored)
Ground
floor
Main 20 21.3 .96
pipe
16.597m 21m
(friction
loss is
ignored)

1. Pipe Sizing in a 7 storey Building:

To test the performance of the developed model, it is
necessary to carryout sensitivity analysis. The effect of
number of hydraulic zones on optimal cost is investigated
with the help of an example of water supply piping system
in a 7-storey building.

Table 2. Pipe diameters by traditional method using
Darcy- Weisbhach equation.

S. |Storey | Optimal | Designed| Design | Objective

N length | diameter| flow value
(m) (mm) (1/s)

1] 7™ 5 40 1.3 14902.65

2| 6" 3 40 1.25

3] 5" 3 40 1

4 | 4™ 3 25 9

5| 3T 3 25 8

6 | 2™ 3 20 6

7| 1% 3 20 4
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Table 3. Pipe diameters by traditional method using
Hazen-William equation.

S.N | Storey | Optimal | Designed | Design Objective
length | diameter | flow value
(m) (mm) rate
(1/s)
1 7" 5 50 1.3 | 15224.85
2 6" 3 40 1.25
3 5" 3 40 1
4 4" 3 32 9
5 3" 3 25 8
6 2" 3 20 6
7 1st 3 20 A

2. Preliminary Computation:

First, the linear programming-based optimization method
developed in this study is used to compute the optimal
diameter of downfeed pipes. Then, the traditional method
of pipeline design is used to determine the diameters of
downfeed pipe in different floors of the building. First the
flow rates were estimated then the energy head loss in
downfeed pipes as well as branch pipes were computed by
both Darcy-Weisbach and Hazen William’s equations.

Table 4. Unit cost of available Gl pipe sizes.

S.No. | Pipe diameter | Cost per unit length
(mm) (Rs/m)
1 15 79.00
2 20 102.00
3 25 153.00
4 32 193.00
5 40 222.00
6 50 312.00
7 65 401.00
8 80 515.00
9 100 757.00
10 125 1014.00
11 150 1209.00
Table 5. Fixtures and fixture units.
Type of fixture Fixture units
Water closet 1
Water basin 1
Bath tub with shower 4
Kitchen sink 2
Total 8

The frictional head loss of branch lines was considered
from top floor to fourth floor and one part of third floor
and for lower floors, it was ignored. Considering the
nominal diameter of downfeed pipes in mm as 50, 40, 32,
25, 20, 15, the internal diameters were calculated by using
outside diameters and thickness values from IS 1239(Part
1)-2004.

Table 6. Calculation of internal diameter.

Nominal Calculation for Internal
diameter (mm) internal diameter

diameter (mm)

50 59.7- (2*3.6) 52.5

40 47.9- (2*3.2) 415

32 42- (2*3.2) 35.6

25 33.3-(2*3.2) 26.9

20 26.5- (2*2.6) 21.3

15 21- (2*2.6) 15.8

=

Table 7. Velocity of water flow in pipes for topmost floor.

Nominal Internal Discharge | Velocity
diameter | diameter (m%s) (m/s)
(mm) (mm)
50 52.5 .0013 .6
40 41.5 .0013 .962
32 35.6 .0013 1.3068
25 26.9 .0013 2.288
20 21.3 .0013 3.6505
15 15.8 .0013 6.634

Similarly for other floors i.e., from 6™ to ground floor,
diameters were considered in the same way as above.
Energy head loss values were calculated by Darcy-
Wiesbech formula as given in Table 1.8. Friction factor
values were calculated using equation 3.2. Head Loss
through branch pipes should be included for the proper
design of piping system in building.
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Fig 3. Friction factor values.

The diameter assumed for calculation was 20mm for best
results. Pipe markings are as 8, 9, 10, and 11. The
probable demands determined from and head loss values
are shown in Table 1.9. Then total head loss through
branch pipes in one flat of a floor was calculated as 1.2255
m. This head loss is for one flat, there are two flats in
every floor so the total head loss in each floor is
2x1.2255=2.45 m.
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The head loss calculated above is in m/m, head loss in
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Table 11. Head loss by Hazen-William formula.

Storey | Length | Diameter | Head loss | Head loss
(m) (mm) (m/m) (m)
7" 5 5.25
5 4.15 0.026552 | 0.132759
5 3.56 0.077663 | 0.388316
6" 3 5.25 0.15718 | 0.785902
3 4.15 0.020417 | 0.061251
3 3.56 0.052292 | 0.156877
50 3 4.15 0.096567 | 0.289701
3 3.56 0.033467 | 0.100401
3 2.69 0.061803 | 0.185409
4" 3 4.15 0.189583 | 0.56875
3 3.56 0.05006 | 0.081325
3 2.69 0.153562 | 0.150181
3 3 4.15 0.021419 | 0.460687
3 3.56 0.039554 | 0.064257
3 2.69 0.121333 | 0.118662
2" 3 3.56 0.022249 | 0.364
3 2.69 0.06825 | 0.066747
3 2.13 0.173617 | 0.20475
1 3 2.69 0.030333 | 0.520852
3 2.13 0.077163 | 0.091
3 1.58 0.254859 | 0.23149

X16+x17+x18=3;
p6-(.064*x19+.189*x20)>=p7;
p7>=2;
x19+x20=3

The above model was solved by LINGO 19.0. The results
for the developed model are given in Table 4.10. It can be
seen from Table 1.12 that the optimal cost of the piping
system from this developed model is Rs. 14570.98.

Then the optimization model was reformulated for the
example problem using head losses calculated from
Hazen- Williams’s formula.

The optimization model is presented as:
Minimize[Z]=312*x1+222*x2+193*x3+312*x4+222*x5
+193*X6+222*X7+193*x8+153*x9+222*x10+193*x11+1
53*x12+222*x13+193*x14+153*x15+193*x16+153*x17
+102*x18+153*x19+102*x20+10750.33

Constraints for the above model are as below:
23-(.026*x1+.077*x2+.157*x3)-2.67>=p1;
p1>=20;
X1+x2+x3=5;
p1-(.02*x4+.052*x5+.096*x6)-2.67>=p2;
p2>=17,
X4+X5+Xx6=3;
p2-(.033*x7+.062*x8+.189*x9)-2.67>=p3;
p3>=14;
X7+x8+x9=3;
p3-(.027*x10+.05*x11+.153*x12)-2.67>=p4;
p4>=11,
x10+x11+x12=3;
p4-(.021*x13+.039*x14+.121*x15)-1.335>=p5;

p5>=8;
Table 12. Optimal diameters using Darcy-Weisbach
equation.
= ~—~
s €
> g s E § @ | 2 "
Pz L e § = c = 15} =
s |2|EE |82 |5z |2%
@ = O € 2% |8

s S a)

(@] S
1 [ 7" 1.0317 40 1.3 | 14570.98

3.9683 32
2 | 6" 3 32 1.25
3 [ 5" 3 32 1
4 | 4" 194 32 9

1.06 25
5 |39 3 25 8
6 | 2™ 3 20 6
7 |1 3 20 4

x13+x14+x15=3;
p5-(.022*x16+.068*x17+.174*x18)>=p6;
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p6>=5;
x16+x17+x18=3;
p6-(.03*x19+.077*x20)>=p7;
p7>=2;
x19+x20=3;

The above model was solved by LINGO 14.0. The results
are presented in Table 4.11. From Table 1.13 it can be
seen that the optimal cost of piping system is Rs.
14627.43.

Table 13. Optimal diameter using Hazen-William’s

formula.
2|5 |EpgE2E 358 82
5|8 837 852|887 55
1 | 7™ | 1.087 50 1.3 14627.43
3.922 40
2 | 6" 3 32 1.25
3 | 5" 3 32 1
4 | 4™ ] 2551 32 9
449 25
5 | 3¢ 3 25 8
6 | 2™ 3 20 6
7 | 1% 3 20 4

VI. CONCLUSION

From this study, the following conclusions can be made. A
linear programming-based optimization model is
developed to achieve minimum cost design of downfeed
water piping system in multistoreyed buildings
considering the requirements of minimum and maximum
velocity through the pipes and minimum residual pressure
head in each floor.

Comparison of the results from optimization model with
those obtained from traditional method establishes that the
developed optimization model results in more economical
design of water piping system in multistoreyed
buildings.Comparison of the results from optimization
model for different hydraulic zones in a tall building
establishes that the division of the building in suitable
number of zones is also an important factor for the
economic design of water piping system in tall buildings.
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without water and basic hygiene.

Khanna Publication, 28™ Edition (2015), Water
Supply Engineering By S.K. Garg— It provide us all
the water supply sources, concepts, principles,
methods, treatments and laboratory experiments.
Suxian Ye, Jingwen Li, Jiao Yuan, Yao Hu (2018)
Water systems are mainly classified into two -Hot
water supply system Cool water supply system.
Various types of Pipes and Pumps are used hence
plays vital role in water plumbing system.

Helena Mala-Jetmarova, Nargiz Sultanova, Dragon
Savic (2018) -Water distribution systems (WDSs) are
one of the major infrastructure assets of the society,
with new systems being continually developed
reflecting the population growth. Also, existing
systems are being upgraded and extended due to
raising water demands. Various systems are now
available for boosting water pressure. And India has
upgraded the standards of water supply system.

Health Aspects of Plumbing, 18th edition the last
barriers in the water treatment process are vital to
protecting public health.

Arjun Kumar, Kankesh Kumar, Bharani Dharan B,
Neha Mittal, (2015) -In order to fulfil the demand of
continuously growing population, it is essential to
provide the sufficient and uniform quantity of water
through designed network of pipes. The paper gives
details of existing methods of water distribution
system and their sources.

(3]

[4]

(5]

(6]

[7]

(8]

(9]

© 2021 USRET

8



