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UNIT - v

WATER DISTRIBUTION AND
SUPPLY TO BUILDIN GS

i i TO S 4 7 £\ > ) ;
(D) upply water at sufficient pressure head.
i)  Tosy b : 4 :
(i) Supply r €quisite quantity of water for fire fighting.

iii Clles "n . . . . ~
(iih) di (‘g ‘f‘“‘ least capital (constructnon) cost. The cost of installation of
: IStribution System is aboyy 70% cost of water supply projects.

(iv) Simple, €asy operatio and repair, RMO cost and troubles should be minimum.

(v) Sat:e against futyre Pollution of water. Water lines should be laid away from
drainage apg Sewerage lines. : :

(vi)  Safe and shouyjq ot cause failure of pipelines by bursting.
(vii) Water should pe available evep during breakdown periods,
(viii) Water-tight and leakage losses should be minimqm.
(ix)  No obstruction of traffic during repairs.
2 LAYOUTS OF DISTRIBUTION NETWORKS ~
The different types of distribution networks are:
l.  Dead end system
2. Grid iron system

3. Ring system (circular)

% Radial system
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hich a number of submain pipe

g e T T
tem)

Dead-end system (Tree sys

ipe, fromw s tak
2y Keofry

There is one main supply
right angles.

Each submain divides into sever
ection are given to consumers.

al branch pipes (Laterals)

From lateral, service conn .
ns with i «pansion, without properl
Used for older towns with irregular exp : properly planneq i

o Water pipes are randomly laid which leads to formation of number of deag ends

As there are no cross connections between the branches, submaing and latergjg
etc. sediment accumulation and water stagnation occurs in the dead ends,

Advantages :
Distribution network can be easily solved. Discharges and Pressures at different

®
points can be easily and accurately calculated.

Requires lesser number of cut-off valves (sluice valves)

e Shorter pipe lengths are needed and laying of pipes is easier.

¢ Cheap, simple, can be extended/expanded easily.

..\st Pipe (M)
e
!
h M ® ® \!mcctmimv
i
© mlm.l Branch (B)
@ S
& SESNN
T @ ® \.mcuzmiwv
®
# M - Main Pipe
® T S - Sub Mains
® B - Branch
L - Laterals

Figure 5.1 Dead End or Tree system

Sto

PS Water sypply
T Supply to 52\@.3». D.ﬂ.Eq

le

Numerous dead ends,

® T T e
periodic removal of stale Water at de

Greater wastage of treated gy,

ly is only j fedacs
o Supply 1s only in one directiop, Supplies for f;

diverting supplies from other side

mﬂwmqgmm. _ WV T on
t O» W

: ater quality.
S required by p

a

ad ends
— LT
roviding scour valves,

re fighting cannot be increased by

Grid-Iron system / Interlaced / Reticulatign system

: ?__msm.mm:mw.:\”m_sm Ea. Eméﬂdognz& with each other. In a well
ed ci % — . -

P m:: Yy/town, roads are properly developed and the pipeline fol
grid-iron pattern, pelines can follow a

o  This system is suitable for well planned citjes Jiks Chandigar}
— /l r;

o There are no dead ends and water remains in continuous circulation

Y

Advantages :

o  Since water reaches different places from different routes, the discharge, friction
loss, and pipe size are reduced. s S

- » — Py
o  During repairs very small area is affected. Some supply will still reach the area
from other route. "=~ -

o Dueto the inter-connections; dead ends are eliminated. Water remains in continuous
circulation, which prevents stagnation, pollution and sediment deposits.
®  During fire, more water can be diverted towards the affected area by closing the

cut off valves.

—_ . A -

ESQ«.E:. ;
ages :
¢ valves (cut off valves).

* Requires more pipe length and large number of sluic

*  Costlier construction

: ign is di ier. Calculations for determin e
s et e ire design experts and computers.

- — . —\—
velocitiesand pressures are tedious and may require FEVST

g the pipe size, discharge.
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® « MAIN PIPE(M)

MAINS (S)

0‘:

- P4
[ BRANCHES OR
LATERALS

= -
BRANCHESIL) i *

s /)

Figure 5.2 Grid - Iron system

3. Ring System/ Circular system

A closed ring either circular or rectangular, of the main pipe is formed around the
area to be served. The distribution area is divided into rectangular or circular
blocks. The main pipes are lajd on the periphery of these blocks. .

Suitable for Towns and Citjes having well planned roads.

Advantages and Ummmaéawmnm of this system are same as grid iron system.

gt

istribution and Supply to ms_g:@w

5.5

Figure 5.3 Ring System

Radial system (Reverse of circular)

. ; i tres.
*  Suitable for city or town having radial roads emerging from different centre

¢ The &m:mg:os reservoirs are placed at these centres.

ains is pumped into the distribution reservoirs placed at
rm

% Water from the wate h radially laid distribution pipes.

7 = i

different centres. Water is then m%nzmm throug

N LE
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SUB- MAIN
MAIN _u_vm/ { \. : ;
. |
[SRANCHE
Ad7 I N
=P 4| N
7ZIN. V1R
DISTRIBUTION e - ~ o
RESERVOIRS oy
1 MAN
e NI N
AN AN
| . |
Figure 5.4 Radial System

5.3, METHODS OF DISTRIBUTION

1.

(<]

The main oEoo:<o of distribution system is to ao<o._ov ade

quate water pressure
at the consumer’s taps. , :

Depending upon the level of the source and the distribution mmnw. topography of the
area and other local conditions; water distribution is done in the following ways :

1. Gravitational system Ty 7 ;
2. Pumping system

3. Combined gravity and pumping system.

Gravitational system

©

This system is adopted when the source (lakes or reservoirs) are at high level and -

the distribution area or consumers are at low level.
Water flows from high level to low level under gravity.

Economical and reliable system, since o pumping is required.

.mnzccaos and Supply to mcm_n::mm
DI

Economical and reliable System, s

a owever, sufficient head shou]

, : availaple
consumer’s énd after allowing frictiong) losses ;

x. €S In E es
guitable for cities located at the foothilj =

Example :Mumbai city is supplied frop, lakes sipyy d
e

in the hi
Leakage and wastages are minjmyp, g

Size of pipes is reduced for a giyen discharge

ping is require during fifes (. :
o Pumpingisreq d only during fies 10 increase pressuge

zmx_scs Demand

Minimum Demand

surface Qmicc.:o:
Reservoir Containing
Treated water

Where H, = Head loss

H = Head available to consumers
Figure 5.5 Gravitational distribution system
Pumping System Q:.::EEW without storage system)
o  Treated water (without storage) is directly pumped into the distribution mains.

. vater
*  High lift pumps are required to be operated at variable speeds to meet the wate
demand.

: R : ing station.
Continuous supervision is required at pumping s

ge of supply.
- During power failures, there will be complete stoppage of Supp

be forced at high pressure. But, in case

R water can .
U:::w fires, large volume of it will be a disaster.

there is a fire during power breakdoWn,
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. m:<=o:3m:~m_ m:mm:m
erj

Ng.
n\m._.b.:n HEAD 81

| EE s e L

akd) , 4

LIFT _ \Aﬂl::::
MAX.DEMAND T—}~

DEVELOPED) |
BY PUMP | .

RAW WATER
FROM A LOW
LEVELLED.
SOURCE

TREATMENT PLANT=""

e e

Figure 5.6 Pumping system for water distribution : T

OoEELQ_ Gravity and Pumping System

©

The treated water is pumped at a constant rate and stored.ip

10 an eleyatey
disribution reservoir. % : - : |
From the elevated reservoir, water is distributed to the consumers, g m«.ms?

‘_,_Emv\m:::_.m&moum:ammmv:BE:miEZSSMmmv\mﬁo:ﬁ<<Eo_~ oo.::um:n,m, ,mn,ms,@
flow and pumping.

The excess water during low demands is stored in the reservoir and is supplied

during high demand periods.

The pumps are operted at constant speeds at their rated capacities which increases
efficiency and reduces wear and tear. Supervision is also not required.

STORAGE OF WATER FOR
EFFECTING GRAVITY FLOW.

.\ w.mﬁ_% MIN. DEMAND .

- —— e - — — - —— - —— —— = o - =] -
_—T— - ¢
~ - TR v a—
-~ - e .

DISTRIBUTION e it T
RESERVOIR MAX. DEMAND

Figure 5.

7 Combined Gravity ang Pumping System

54

GYSTEMS OF SUPPLY

|. Continuous supply

2.

efficiency and reduceg Wear

pressure required for f

N rege
e fightip TVOir caq
iti ) e .
some;localities or oy Using E::vwm a0 be Achigyey awcc_w__& for fire fightin
y N oﬂ:w do 2.

The pumps Operate at upif, Wit Supply tq

M rate o the;
CIr rat .
and teqy. ed omcwo:_oﬁ which ;

(] . . :owammmw thei
Supervision 1s not requireq for operatiy eir

W"Tm u
Reliable system. Water cap p, Pumps,

Supplied f
failure. & T0m storgq :
pump 8E reservoirs durin
=) g power or

O:mm? efficient, reliable ang u

=m<2mm=< m%E,ah_..r .

Intermittent supply s

no__:u:o..m supply

Water is supplied continuously al| the 24 hours o;@ day

Convenient for customers.

More oozm:ano: of water by consumers.

Wasteful use of water.

Minor leakages in-pipe may lead to greater-water losses.
wmncmnmm small size distribution pipes, as the supply:is continuous.
Adopted when there is sufficient quantity of water at the sourc.

As there is no stagnation of water, water quality is ensured. .

Intermittent supply

Water is supplied only during fixed hours (2 to 4 hours) (i.e.) peak periods ~._: e
Morning or evening. , ;

Adopted when there is shortage of water at source,

This system is adopted in India.

2553”8" ¥ , Pt b ; i

e : T.
Lesser consumption and saving of wate

Lesser losses due to leakages.
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e —

e  High pressure can be achieved.

e  Repair works can be done easily during non supply periods.

Disadvantages :

5.5

e Greater inconvenience to consumers.

o  Fire demand : Fire breakout during non-supply periods may be disastrous,

e  Size of pipes : Requires bigger size distribution pipes.

nks are requited in individual houses

e Domestic storage : Storage ta
e  More number of valves are required.
e  Staff requirement : Supervision and Staff requirement is more.
e  High maintenance cost.

e  Wastage from taps : Wastage of water due to negligence i.e. water taps may be left

open unknowingly during non-supply periods.
Pollution in supply : Possihility of water contamination is more through leaky

joints.
'STORAGE AND DISTRIBUTION RESERVOIRS

Storage Resevoirs — store the treated water until it is pumped into the service reservoir
or distribution reservoirs.

The capacity of storage reservoirs should be 14 to 16 hours of average daily flow.

Distribution Reservoirs —provide storage to meet the widely fluctuating demands, for
fire-fighting and during emergencies.

Distribution Reservoirs serve the following purposes :

(i) They absorb the hourly variations in demand.

(ii) The pumps can be run at constant rate.

Q:.v wmm:ono: in pipe sizes, pumps and treatment units (economical)

(iv) They serve as storage for emergencies such as fire/ failure of E:svm\ bursting
mains etc.

(v) They maintain desired pressure even in remote areas.

(vi) Operation of distribution system becomes very easy.

er 0

I
2.
3.

tribution and Supply to Buildings

~of storage and Distributioy Rese

surface Reservoirs
Elevated Reservoirs

stand Pipes

Made of masonry or concrete: cirqul
or below the ground level,

Lining is provided with concrete of asphalt to check leakage of
ge of water.

J.Qmﬂh 3

surface Reservoirs (Groun x&az,s.é

aror rectangy|ar;

constructed at ground level

o~ They are constructed at high points in the city to achieve gravity flo
W,

Sometimes pumps are used to convey water from su

elevated distribution reservoirs,

rface storage reservoirs to

VENTRATCRS CUTOFFVAVE R
CONTROL GATE VERELOR
OVERFLOW . PPE
i ."u.u@ul.~n.w. A, >~ T ﬁ w q
TOORAN
|.|||/!ll...l- § P T I T GUTTER
— = = \-mereees | — == = ===
o= BRICK WORK, OR
RC.C.INOEEP RESERVOIRS
SLOPE GIVEN TO THE
FLOOR OF THE RESEAVOR WASHOUTPIES
ot AT
o CONGRETE FOUNDATION
p A s et S
? e . .b LRI
OUTLET PIPES TODISTRIBUTION MAINS

Figure 5.8 Surface Ground Reservoir

The reservoir has two or more com

The compartments are

Overflow pipes are prv

Ventilators are provided at ro°

The sludge settled in the

~Wwashout pipes.

connected by sluice valves.

vided at full sup
f slab for free ¢

eservoir due to storage

partments to facili

ply level to mal

irculation of air.

itate cleaning and repair.

intain constant water level.

of water is removed through
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The cement concrete floor is sloped towards the central washout pipes.

Elevated Reservoirs (Overhead Tanks)

Rectangular, circular or elliptical tanks.
Supported on towers at suitable elevation above ground level.-

Used where pressure requirements are high.

Used where combined gravity and pumping system of distribution are adopteq.

Water is pumped into these elevated reservoirs from surface reservoirs and thep

supplied to consumers.
These tanks are made of RCC, steel; stone masonry or prestressed concrete

VENTILATORS . - .
LEVEL MANHOLE
INDICATOR mw ‘} et

T
REXVOTP

| OVERFLOW
= PIPE-

INLET PIPE- y

OUTLET PIPET1] ~TWASHOUT
; PIPE

~piLLARS—=] | LADDER

G.L. o G.L.
777 GEESAEN —7r<<x
L Ll

Fig.5.9 mmna:n:_m.q Elevated Reservoir

Steel tanks corrode and have short life.
Masonry tanks require very heavy supporting towers.

Hence, RCC overhead tanks are preferied as they are cheaper, do not corrode and
requires less maintenance.

Intze type RCC tank is popular due to its structural stability and economy.

R

pist ———
estressed concrete elevate
Pr dt anks :

0 . . .
oo:m_anSEm Savings in stee| apq s 513

€ also pref
erreq ;

NCrete, edin Modery days, which
; g

ives

other accessories of elevated am,m?o: are:

(i) Inlet pipe for entry of water

(i) Outlet pipe for supplying water tg gy .~

(iii) Overflow pipe to maintain constap sa_w_”““_sga.

(iv) Float gauge for indicating depth T ]

(v) Wash-out pipe (drain pipe) for removing settled sludge.
(vi) Ladders and manholes for cleaning and inspection,
(vii) Veatilator for fresh air circulation,

Stand Pipes | .

,E:ww are elevated S:wm without ﬂ.ozﬁm.

o They are tall cylindrical shells resting on ground.

o They are 15 to 30 m high and _.o to 15 m in diameter.

e They are made of RCC or Steel

o RCC stand pipes are not used for heights above 15 m as it cannot bear the high
stresses.

o Stand pipes are provided where high heads are required.

and pipes are also provided with inlet pipe, outlet pipe,

o Like elevated reservoirs, st
holes, ladders etc.

wash-out or drain pipe, overflow pipe, man

rical tank includes.an upper portion ?wn.?_
¢ and a lower portion (supporting

nd provides the required head.

* The storage volume of the cylind :
storage), which is above the discharge p1p
storage), which supports the useful storage

B
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Steel Tank T |E =- = — -7 -] Use
~_ .H|H1....u~ — = = T Storage
. Al == ==
_:_m:u_um/a.lw:H - U,\\ el
Over Flow B = g 1 S
Enmg\\\ —IT— ||| = =1
===~ |'t2 —|4c =|Additional
o == | == —1|5z| Stprage
| = IR

r

b )

i

3

Sluice
4 Valve ~/ Z N B

” .

Treated q To Distribution
rea HIE : Mai
Water L\. s u\\\\&ﬂl in

e w.? — — — Outlet
: [ _ Pipé
Inlet Pipe f_ ca P
<M0m Operated 4(<<mm:05 or Drain Pipe
To Drain @ from Top
Gutter
Figure 5.10 Stand Pipes

o The entire capacity of tank can be used during. fire-fighting or by locating the
stand pipes on hills or high grounds. .

Location of the Distribution Reservoirs

Following points are considered in deciding the location of distribution reservoir :
(i) They should be centrally located to have maximum coaimza of the area.

(ii) They must be near to the area of &ﬁ:v::o:.

(iii) They should be located on high grounds/ elevations to maintain adequate pressure.
(iv) They should be close to the places of heavy demands to reduce the head losses.
(v) Located so as to reduce the length of pipelines and friction losses.

(vi) The distribution reservoir may be located in two ways :

(a) Placed between the pumping station and distribution area.

(b) Placed at farther end of distribution area

r pistnbA=7 " = = SRy 1o mc__a_:@m

wate

(@)

Central _.%mzo: of Distribution Reservoir

P S . o . Total Energy fine

Pump
House

Distribution Reservoir

(b) Distribution Reservoir located near pumping station
Figure 5.11 Effect of location of Distribution Rservoir

5Emwoqamqommmﬁmv£a<m:o=‘o3,$2<om1mEmF_msmﬁrom Evmrzn mm_mmwmzm:ga
loss is less. “ . : :

In the latter case, (b) it is vice versa. However, the total head for pumping will remain
the same for both cases. . .. ‘ P - :

5.6 STORAGE CAPACITY OF DISTRIBUTION RESERVOIRS -
The total storage capacity of a distribution reservoir is the total of
1. .Balancing storage (or equalising or %2»:& storage)
2. Breakdown storage.
3. Fire storage. -

Balancing or Equalising Storage :

iris 1 i | BN:Q.
i io [ i i i I m et Qwﬂ ::O:hm.m:.—nu
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‘:5. quantity of water required to be stored in the reservoir for vm_m;o:_m the
variable demand is called balancing storage of the distribution reservoir,

e  This can be found by following methods :
(a) Hydrograph Method.
(b) Mass curve Method.
(c) Analytical Methods.

(a) Hydrograph Method : R
e  The water demand i : 5 . )
is not oo:&mi and varies :oﬁ._%. sccumulated flow 1 AL’
e  The demand is more during peak hours in the morning and evening. (Millions of litres) —— | S
© A hydrograph of hourly demand for maximum day is shown in figure 5.12. - %9\ % :
q o . ‘ N \~ o5 5
o  The pumping rate i.e. mean of hourly demand is shown by line PQ. ) X .
o  The storage is obtained by determining the shaded area betwecn curve BEC and 6 > D m Y a.m_ww_m_\u
paed: 1 4 ' ,mv 145
4%
26 A
24 Storage ; C/ A
2.38 miillion litres
=< . 0 2 4 6 8 10 12 14 16 18 20 22 24
20 — —> Time of day
18 — ‘ :
Demand 16 P - Q Figure 5.13 Mass curve Method of Balancing Storage
e . CAB curve continuously rises.
(1000 litres/min) 14 — L2 y
12 — 24 hour pumping rate e  Steepness of curve indicates high rate demand.
(Average demand)
i e Flatness of curve indicates low rate demand.
= F e Line CD is the cumulative pumping at uniform rate (join ends C&D)
3 : line CD.
{6 =] e  Draw tangents through the lowest point A and highest point B parallel to line
o nts = Capacity of balancing
iz “ n. “_w : h .n_v § m 3 w : m m_w d_o A_A 12 e  The highest vertical distance BE between the two tange
— Time of da : : . storage.
: _ Y: . < excess supply = AA’ which should be stored. |
Figure 5.12 Hydrograph Method of Balancing Storage ° At6AMthereise 'y which must be drawn from storage
. . A is deficit (BB) whi :
(b) Mass Curve zﬁ__o.m : A : ° At8.30PM there! + Evening deficiency BB

: sAA’
Therefore, Storage = Morning exces

4 —

A mass curve is the cumulative demand curve which is obtained by continuously adding
the houly demands of the maximum day and plotting against time.




5.18 Environmental Engineering-p

S=Ep+Ed

S = Storage capacity required

Where

Ep = maximum excess supply through pumping
Ed = maximum excess demand (maximum deficiency)

(¢) Analytical Method

The cumulative hourly demand and cumiflative hourly mcvv:mw are tabulated for 24

hrs. The summation of maximum excess demand-and the maximum excess supply gives the
balancing storage.

2.  Breakdown storage (Emergency storage)

o It is the storage for emergencies due to pump failure, power failure'and during
repair works. - - %

o Itisdifficult to determine this storage as it depends upon the frequency and extent
of failures.

° Qm:ni:% 25% of total storage capacity of reservoir or about 1/2to 2 times average
hourly supply may be considered as breakdown storage.

3.  Fire Storage :

e This storage is required for fire fighting, which depends on the chances of fire
and duration of fire. :

e  The National Board of m. ire Under v—\l\m&«ksm:.n& recommends that the reserve
should supply water for 10 hours for fire fighting in communities of 6000 people
and for 8, 6 and 4 hours in places with 4000,2000 and 1000 people respectively.

o  For 10 hours of fire fighting per day, the volume of water required to be stored
should be 2 million litres.

Fire reserve is determined from the formula :

Where, R =reserve storage (litres)
F = fire demand, litres/min
P = reserve fire pumping capacity, litres/min
T = duration of fire, minutes.

McDonand has suggested the following expression

R=aD+bD+ ._N.mAU;-S

B o e L B B NG

R= total storage Capacity (milliop lit )
res
p= average domestic deman for Maimy
m
f  fire demand (MLD) M)
p = Pump capacity (MLD)

ab= Coefficients; 0.2 and 0. fespectively

2e4

plem 5.1:

pro ; .
Atown with a population of one lakh is to be sy

pplied with water daily at 200 tres per

4. The variation in demand is as follows
pead- :

6to 9 am - 40% of total

9 am to 12 noon— 10% of total :

12 to 3 pm —/ 0% of total

3 t0 6 pm i = 15% of total

6 to 9 pm 77— . .25% of total N

Determine the capacity of service reservoir assuming pumping at uniform rate and the
period Of pumping to be from 6 am to 6 pm.

Neglect fire demand.

Solution :

Total daily 8@53505 = 1,00,000 x 200 litres = 2 x 107 litres =20 ML

() Analytical Solution

. gaoa__wi Supply at{Qumiaivg Excess | Excess
Period Hours | Rate of demand | . »s | demand mcﬁwoﬂ cupply | demcod | spply
inML | 3hr M [rve valuegive valuey
6am—9 am 3 laoveot2ome| 8 | 8 | 5| ° 3| -
Yainins poinl o Toversomul 2| Ao S W | T w
‘ 15 | -
2noon—3 pm| 3 |10%of 20ML| 2 12 3 :
pm~6 pm 3 |15%of20ML| 3 15 ol
20 Nil | 20} 71—
fpm-9 pm 3 l2sworaome| 5 |2 I B —r—
/ 5 = 100% |20ML D
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Max. excess demand = 3 ML

Max. excess supply = 5 ML

Total storage =3 + 5 = 8 ML
(b) Mass curve method

Graph is plotted between time and cumulative demand.

20ML
Pumping rate = DI =1.667ML/hr

The supply curve is drawn with slope as 1.667 ML/hr. Maximum ordinates are found
between supply and demand lines.

Storage = 3. ML +5 ML : Tin i : P

=8 ML
Max. Ordinate
/5M
24
- /
A/
20 7 F
&8 94
18 . b, va
16 \. "4
14 -
4
12 4
10 \\
rd
8 .
Max. v, ,\
Ordinate 6 7
3M \ Y
4 7
[/
N oy
\

0 24 6 8 10 12 14 16 18 20 22 24
Mass curve A
5.7 ANALYSIS OF DISTRIBUTION NETWORK
Conditions to be satisfied in pipe networks:

o  The Algebraic sum of pressure drops around a closed _oov.icmw be zero. (i.e. no
discountinuity in pressure) .

water Distribution and Suppjy ¢, Buildings
o The flow enter;
i.e. law of cont;

pipe networks are solved by the follow
Wi

(1) Hardy - Cross Methog

(2) Equivalent Pipe Methq
HARDY-CROSS METHQp

o  This method is basegd on the

Inflow =

Outflow

¢

——W :—m:—oam..

principle of « G o
p Law omOOE:E_Q. - 1.e. at any junction,

o The flow in each pipe is assumeq,

the network, until the correcton is

If Q= assumed flow, Q=acty

A=Q-Q,
Q=Q,+A
Head loss in the pipe is given by

A is same for all the pipes of considered _o,ou.

H, =K.Q

uted successively for cach'pipe loop in
reduced to an acceptable magnitude, ~ -

al flow, then correction A is given by .

\

=K (Q,+ay
=K 3%?«,@%._ A +...Negligible terms containing higher powers

of A]

=K [Q+xQ, "]

Around a closed loop, Summation of head losses is zero.
IK [QF+xQ ' A= 0

TKQ, = -ZKx Q.4

Hence, A is taken out of summation

TKQa*= - A XZKx Qa""

A

-SKQF _

_ ==

T KxQ:

-y K-Q; i M SR )

e e

z

1K@~

llnlll
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->Hy

L [, <K@ ], o o 9

Where H, = head loss for the assumed flow Q.

A=

x is constant ; x = 1.85 (for Hazen-William's formula)
i x =2 (for Darcy-Weisbach formula)

e  Algebraic sum of head losses in various pipes in closed loop is ooscima with
assumed moi é

e Correction A is mo::a for mmo:;_,oov‘ , e

T —— T i e . o5 -

o ‘Assumed flows in 1 each" ?vm are noqnoaa
e Pipes common to two loops will receive ,voﬁr corrections with due attention to sign.
The Procedure adopted in Hardy Cross method is as follows:

e The Distribution system is divided into 2 or more loops, such that each pipe in
network is included in atleast one loop. :

e  Assume any internally consistent distribution of flow. The sum of flows entering

any junction must be equal to the sum of flows leaving that junction.
(INFLow=OuTFLOW)

e  Compute head loss in each pipe by equation or diagram. Conventionally, clockwise
flows are positive and vice versa.

e  With due attention to sign, compute total head loss around the circuit. ZKQ,?
e  Compute without regard to sign, for the circuit, Ea sum of M&A@ Xl

e  Apply corrections obtained from Equation 1 and 2 to the flow in each pipe. Pipes
common to two loops will receive both corrections with due regard to sign.

Problem 5.2:

Determine the distribution of flow in the pipe network. The Ioma loss H ‘may be

assumed as KQ". The flow is turbulent and pipes are rough. The Value of K for nwo: pipe is
shown in figure. Use Hardy Cross method.

. pistribution and Supply to ms_,%@m

(4) &

(B) Flows are mwmcana
The Magnitude and directions of possible flows in eac
Law of continuity at junction.

.

h pipe are assumed based on the

At any junction ; Inflow = osmo?

‘no__wmmm;::n:o: A

50 A Inflow is 50 at A; as it branches out into two
pipes; the flow in ecach pipe AB & AD is
assumed as 25.

E:oi‘a B=50+25=75

The flow in BC and BD are assumed as 50 and
25; direction away from junction.

Hence, Out flow = 50+25 =175.
ey
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Consider junctionD

Inflow at D =25 + 25 =150

Since outflow should be 50, flow in DC is

assumed as 25.

Inflow = 50 + 25=175
Outflow = 75

75 Inflow at C = Outflow

o Hence, the flows assumed in magnitude and direction are correct.

o The network is divided into two loops; loop ABDA and loop BCDB. These loops
are analysed by Hardy-Cross Method in Table.

e The flow in the clockwise direction is considered positive and anticlockwise
direction is negative. : . :

Formula for correction
D\NI.M.N.N@ V
A H >
b a? S L
Sty \e( \\

"Assume x = 2 (Darcy-Weisbach formula)

The head loss in each pipe is calculated

H,=KQ",

A, for 2nd loop = 2%300-

% Note : Common pipe BD (or) DB <M
5

ill receive corrections 0

25

flows after first correction

(©) Corrected

pipe Assumed K(given) m%mlﬁj Corrected Q after
»._QM\; i Oa first correction
L O T R o e iR
oo ABDA (Ioop 1) Y T
. ; %
AB Nm 2 1250 50 .

g ..Nm : AL e . 25-2.5=+225
BD : 625 5252512543500
(Common -l
ppd) —K() Batb
DA 25 2 - (1250 50 25-2.55(-21.5)

2 +625 125
-625

D m.; H m — =— =

\ or 1st loop X125 wm
For loop BCDB (loop 2)
BC 50 4 10000 200 50-12.5=37.5
CD 25 3 (-)1875 75 éw;.m.u.:.m 2
D : 25 _25-1242.5=35.0*

B 25 1 © (-)625 . e
g [/ —
m_wwsg 5 7500 FF%
7500 _ 155

f both loops.
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5.26
Second Correction .
P | Corrected Q unﬂ
H, :
Pipe flow K(given) mru—ADuN \@\ Second correction
Q,(lls) a Q,, = Qut4,

For loog ABDA (logp 1)

AB 225 2 1012.5 45 19.8

BD 35.0 1 1225.0 35 . 32.6%
{Common :

pipe)

DA -27.5 2 =1512.5 55 -30.2

, Y 725 135
=725 -
(Forloop 1) Ay = X135 =(-)2.7

For loop BCDB (loop 2) _

BC 37.5 4 5625 150 37:2:
CD -37.5 3 —4218.75 112.5 -37.8
DB -35.0 1 -1225 35 -32.6*
(Common
pipe)

3, 181.25 297.5
-181.25
Forloop2 — A, = %2975 =-0.3

25
(D) Corrected flows after second correction

wOr . the len th .oE Pipes of a distribye:
1€ " oipe- Make use of Hardy-Cross megy 4 with m 1S Of the pipes yeq are gi ‘stribution
¢aC ws after two correctio Villiam Hage,: Biven against
A o:moaa flo ns. azen’s formula. noaccﬂn th
K Q=80 /s =30 )
| A =500 m \<M~ IIs
{
ﬁ B
{
| $=20 cm
* /=300 m ww&o cm
m : $=20cm ~0m
| 10¥sT o ixl=50m -
D ——>151lis
$=15¢cm o.
I=300 m tiou
=300 m
E F
¢=15cm
3ls =500 m 3B ils

Solution :

William Hazen’s formula

ARl G
L™ 0004l Cy) o

Where, C,; =100 (assumed)

1.85 T

—

87
&am

1 (G

100

e
L= 0.004

el iy S e

B el S M s b e S
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Consider two closed loops; i.e. Loop ABCD and loop DCFE.
Computation of K values for pipes
L
Pipe Linm dinm K= 470"
Loop ABCD
AB 500 0.3 373
BC 300 0.2 1615
CD mco 0.2 2690*
DA 300 0.2 1615
Loop DCFE
DC 500 0.2 2690*
CF 300 0.15 6580
FE 500 0.15 10940
ED 300 0.15 6500
* Common pipe

Flows are assumed for all the pipes

80 /fs 45 s 22 Uls
A > B
35U/s \ :
23 IIs
20 /fs
10 U/s > »15 //s
D ; C
51Us 28 Ils
E N F
3Us 8 s 36 I/s

Harq

5.29

Assumed flow
. Du P
pipe P 'Eu\,l Corrected flow after
S
i 22 ] first correction
for loof ABCD Q=9+, |
45 | 0.045 |
AB W+ "
BC 23 | 0.023 1615 | 415 £ 49.9
-20 [-0.020 27.9
cD 01 2690 | _jgq
(Common 7 7.9
pipe)
A -35 |-0.035 1615 | _ ‘
2 | 92 -30.1
I 283 281
\ _2H (29)
A = N a3
_ I e 24910 m /s
5 M Hy| 185x281
Q,
=491/s
For loop DCFE
wo 20 | 0.020 2690 | +1.94 97 7.9+
pipe)
CF 28 [+0.028 6580 | +8.80 314 20.8
FE —8 |-0.008 | 10940 | -147 184 -15.2
ED -5 |-0.005 | 6580 | -037 74 122
5 +8.9 669
A n|||\|MwL©.\ln i.\.Nx_OJ.w §W\.w
177 85x669
=_121s
/[r e —
(Note . x=1.85 — for Hazen Williams formula]

The common pipe CD or DC will

receive both the corrections.
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CF 20.8 o.owom =
8048 22 IIs 6580 | o
/>k s FE -15.2 ~0.015) 10 +5.089 -
4 us [ TT———
49.9 =122 [0 ’ =136 ’ 217
ED 122 6580 in
Y 30.1 27.9 \ \.\\I’/I/ ~1.897 y -143
R L e -113
7.9 — | 0 By 2 ~L197 //
P, . »15 Ils /[E ;
L85x756 =0.9x103 3,
V122 20.8 \ .
15.2 ~ e C s
: 2 : . Orrecteq
E — F %ﬁ after 2nd Correction
37 els : A Ig
Corrected flows after 1st correction A ; . AB . IA:_S./V
S - : 8 : ; ; AD 43.1
Hardy Cross Method - Second Correction : De 319
Assumed flow ) _ Corrected Q after DE : 30
H : Ik
Pipe D._ W) ¢ H, =KQ,!3 __ @h_ Second correction EF _“ w
I/s m3/s s Q,,=Q,+A, (int/s) | BC 5 m. |
: e 217
For loop ABCD . . I P Tt S e
AB 49.9 | 0.0499 373 | +1.456 T R SR N 80 Uis
; 1 4811 2
BC 27.9 | 0.0279| 1615 | +2.150 ey 26.1 />> i ’ @l
CD -7.9 |-0.0079 2690 | -0.347 44 v 0 -10.6% w
(Common : : . : 31.91Us 26.11ls w.
pipe) . ,, .
DA -30.1 }-0.0301 1615 | 2475 82 -31.9 B " 106 I's
g > »>15 Iis
2| +0.784 232 D c
Ay = et B =-1.8x107 m? /s 1.3 /s : Y 27l
1.85%232
=1.81s : 1431 s
For loop DCFE : ‘ B k
DC 7.9 10.0079( 2690 | +0.347 44 10,6 |- 3 Uis
(Common : i : 7nd correction
; , rected flows after 2n
pipe) Cor
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2.  EQUIVALENT PIPE METHOD:

e In this method, a complex network of Evmm is replaced by a single hydraulically
equivalent pipe.

o  The equivalent pipe is one which will replace a mvﬁo_s of pipes with equal head
loss for a given flow.

The two hydraulic principles used in this method are :
(i) The Head loss through the pipes connected in series (AB-BD) ir additive .

(i) The flows (discharge) through the pipes connected in parallel (ABD-ACD) is
distributed such that the head losses are identical.

For solving the pipe network, any head loss formula can be used.
Let Dg = Diameter of equivalent pipe
L = Length of on:?mwm:ﬁ pipe

L, D = represent length and diameter of pipes in the network

KL@"
hf = o (or) Q=K D2S®
The length and diameter of equivalent pipe i< oiven in Table.
Diameter of equivalent | Length of equivalent
pipe (cm) pipe (m)
. . ol A .N\ = b X h
System in series | Dg =x h.Mﬂ . £ = LE w
L-total length of mwﬁma
N\W
System in parallel Ly =b,|Dg” ba

é

- pistribution and Supply to Buildings

Note : For Hazen williams gy, ~ 4

5 sd= Now ;)
For the flow network showy, in figype, b= 0.54
w\w
i m\SN 2
Head loss _kig
26D Nma D Bk
Uk

E@—\.—OOQ : ”Nu X ”M

in mwlmm

pipes !
Length of equivalent pipe for pipe AR 4 BD in series i b
given by:

Total head loss = summatiop of individual head Joss.

Ly L- ]
et ,
Deiinton;
5
Lp=Dg| Al |
n’ D, =
I
_nx
Lg =Dg >

Pipes in parallel (pipes ABD and ACD)
h(ABD) = h(ACD)

Lo’ L@? 5

+ +

Lo L&'
5 5

Q=Q,+Q,
=AQ,+Q,= QA
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5.34
Further,
L@’ p@:u@
D0 D .
L __D W L
*T(a+1)' D) D}

Problem 5.4:

Find the equivalent length of 30 cm dia pipe for the network shown in figure using (a)
Darcy’s formula, (b) Hazen Williams formula.

B L,=400 m c
L,=300 m o D,=30cm O\ L,=500 m
S )
2 <
A D
Solution :
(a) Darcy’s formula
16/LQ° Em
) PR T T
2gn“D D
L HE oA 7
L=D}Y —=(Dg) | =+=2+—%
E MM bm A hv b_ bm bw
Ly =(0.3)° 300000400 &0 ) o687

(04 (03) e 2y’

(b) Hazen Williams formula
185
}\ = NQ\W._
D
a 3 % M 3. ﬁ 2 N\N 2
D u 87 bn 87 DA .87

Distnbut’il @i oUpPPIy to ms_am:mm

5.35
487! 300
=(0.3 4
7 (04" L
Ao.uv AS%S
L, =4080.5m
mb5.5:

ﬂ—.c&—n

Find the equivalent length of 30 ¢, s
Hazen williams formula.

Solution :

cm:_m Hazen Williams formula [x = 4.87 n=1.85]

Lm

Q Q2 -
E

Let the discharge in loop BCD be Q, and BED be Q,

Q=Q,tQ,
Let Ly and Dg be the length and diameter of ché_gu pipe BD.

b aogn{wmg
1.85

185 ?@_ 8 L@"

1.85
Al e THAST

F@

AR L)

L&
DA Dy
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T L
Q 1.85 DY a5 DS
@ l~m’$+ &Ms

: 4.

D, D,
Q,=0.987Q,
Now, Q=Q,+Q,

Q=0.987Q,+Q,=1.987Q,
(a)  For the equivalent pipe BD,

. 85 1.85
L @% 1,0'% L&
DA <
£

bﬁ#mq bma.mq

Le(l .oﬁ,@&_.a e 7R L g

: D D DT
1.85
hmﬁ.omd _ - 1000 3 1000
03* (03757 (02754
L=3755m
(b)  Equivalent length for AB,
N\ @a.mm N\@_.mm
E
D& u%a.
E 1
4.87 487
D .
il oy A0 e
D, 04
(c) ma:?m_mi length for DF,
487
b. Ow 4.87 -.
N\ = ,> N. =| — =
7 D, = 02 x200=49.2m

<. Total equivalent length
=24.6+375.5+492
=4493 m

water Di
5.6 LEAKAGE Um._.mQ.HOZ INUN

stribution and Supply t, Buildings

Leakage detection methqqg )
(i) - by direct observatigp
(ii) by using sounding roqg
(iii) by plotting hydraylic gradient |ipe
(iv) by using waste detection Meters,
By direct observations ;

e  Wet soft spots on unpaved

PP 8round, grasses. ¢
indicates leakage from ynq > 81asses, emer

gence of springs at odd places
erground pipes, it P

o  However, direct observation js difficult in sandy soils

By using sounding rods :

o A sharp pointed metal rod is thrust into the

i ground along the pipe line and pulled
up for inspection.

e  Its moist or muddy point indicates leakage.

e The sound of escaping water can be heard by placing the ear on top of the inserted
rod or by using magnifying instruments -aquaphone or sonoscope.

o  The sound hearing should be done during night hours. ri
By plotting hydraulic gradient line

e  The pressures at various points along a suspected pipeline are measured and the
HGL is plotted.

e Any kink or change in slope of the HGL will indicate the location of leakage.

By using waste detection meters

o  These meters measure the unusually high flows passing through the water mains

during periods of low consumption (during night or early morning)

" The unusual flow indicates leakage.

o - This test is conducted during night hours. ;

Method : The suspected locality is isolated.
sed down except the suspected area.

lo
©  The supplies to all other areas ar¢ €
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The meter is fitted at the head of main supply pipe and flow is recorded.
¢  The laterals and branches of the locality are progressively shut off.

©  The shut off that indicates a large disproportionate drop in flow indicates leakage.

e  Steps are taken to rectify the defects.

Deacon’s waster water detection meters are widely used as they are sensitive ang
- accurate. The water passing through the meter forces down a brass disc which MOVes a pencil

vow::vmsaapsdoummwmwrnmRnBocnﬂwaoswaEB.: mcﬂoamnom:%nmoo&mgo discharge
of water. ’

5.9 APPURTZNANCES IN DISTRIBUTION SYSTEM

The following appurtenances are required for the efficient functioning of the distribution
network.

1.  Valves
(i) Sluice valves (or) Gate valves
(ii) Check valves
(iii) Air valves
(iv) Drain or scour valves

[Valves have been discussed in Chapter 2]

o

Fire hydrants

Water Meters

Water Taps

.

Stop Cocks

=

Pipe Bends etc.

2. Fire hydrants

e  Afire hydrant is an outlet u«o&a& in a distribution main or sub main (i.e. pipe of

15 cm ¢) for tapping water during fire and sometimes used for filling the municipal
water tankers,

o  They are provided at street crossings or turnings at 90 to 120m interval.

o  During fire outbreaks, the fire hydrant is connected to a fire hose or fire engine f0
discharge large quantity of water at high pressure.

PRI SIOEDE A

water P
(i) Using Motor pumps —

(ii) Direct flow from fire hydrant —

Such high pressures ¢ deve oped

g y w:mo_i
The fire engine boostg the \ N8 the fire |, d
Vater prog YArantto the fir epgr
: Ure withs Engine,

The pressure developed is atleast 3, M water |
€T head,

ressures at the fire hydrap shoulq pe .

Tt014 1 head of Water

wm,:.v 50 m heag of water

Requirements of good hydrant are ;

‘Easy to connect hose or motor pump
Cheap

Easily detectable during fire
Provide undisturbed water flow

Not get out of order during operation.

Types of fire hydrants :

"(i) Flush fire hydrant

Installed underground in brick or CI chamber with top cover above ::.w street sé._.
They are less prone to damage. But they are not easily detectable during fire. This
type of hydrant is widely used in India. :

Post fire hydrant

i dbutis
Its like post standing 0.9 to 1.2 m above ground and can be easily detected bu

liable to damage. |
connected to water mains.

e on upper end is provided;
nst the valve seat.

It consists of a barrel of cast iron,
lower end and hand

: at .
A valve stem; with leather valve her valve rests agai

- leat
to regulate the flow. When closed; lea
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0.

2m
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Q
W

Z

9
0

Cast Iron
Barrel of
Hydrant~,

LIPNINY TN INNY TN

For opening the hydrant, the Nut/ handle is rotated so as to raise leather valve
ing water inside the barrel.

thereby allow

N A

N
7/
%

Street Main

" Qutlet

Operating Stem

Drain Valve

Leather Valve

Valve Seat

Figure 5.14 Post Fire Hydrant

Based on the number of outlet openings,. they are classified as one-way, two-way,

Usually 2 outlets are provided. One connected to hose; when pressure boosting is
not required. Other connected to fire engine or pumps; when boosting is required.

three-way or four-way hydrants.

Oumqmzzm

Arrangement
for Stem

I LH L L L L LT > Water Main
77777 ¥
\\\\\\\\\\\\\\\

Concrete

/moo* Cover

/74
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

alve Seat

Figure 5.15 Flush Fire Hydrant

3. Water Meters

Measures the quantity of water :%5

in order to charge the consumers.

Requirements of good water meter:

°
dﬁmm s
(1)

It should Record all discharges

g under pressure ::o__mr pressure conduits

Maintenance and repair should be easy

Minimum error in measuring discharges (less than MOo\ev

Work efficiently at all pressures

Minimum E:Q:Soo to flow (Min. head loss)

Parts should not be damaged by chemicals present in water

Prevent backflow w:a.m:oca not be liable to clogging.

<m.o&€>=wm,3=zm_ Meters

(ii) vOmEé\Ummn_wnnamE Meters
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- — o The velocity of flow :
(i)  Velocity / Inferential meters P a_mnrﬁmm is
i The meter is caj}, . Proportjq
e It measures horizontal flow velocity (V) ¢ period of time, Fated to direy nal to SPeed of shap

e  Discharge through the meter is computed by ;

. Turbine meter

o  Similar to rotary meter

¥ read e di
Ischarge o the totg) &mo:mﬁm oy
era

Where, A = Area of flow cross - section

. ; : . o Consists of arotary turbing ey,
e  Automatic arrangements are made to record the discharge directly over a period W

Enr isr
: Otated by i
of time | e  The number of revolutions made by turb; ¥ moving water,
N ine w/ :
. o | Venturi meter Wheel 8ives the dischar e
e  They can measure high flows L o) o
o Widely used in Industries / Trade | o  Follows the Bernoutiy’s principle
! 3
o  They can be used for measuring raw and sedimented water. A o  Used for raw water ang Measuring high figu : |
e . loss. It is not suitab] Aowe ¥ i large pipes with mip;
e They are not used for small domestic supplies, as their occuracy is less during - . ¢ for fow flows. minimum head
low flows. o :. ncsm_m”.m of a gradually contracting pipe with 4 throat section ang
i ipe section. ; onand a i
Types of Velocity Meters: { un ing

a) Rotary meters

ﬁ b\EmﬁoBﬂma /
b) Turbine meters :

c) Venturi meters

a)  Rotary meter

Shaft W.
Direction of
Rotary Motion

&
<

. Contraction _Throat Expansion : _

Figure 5.17 Venturi Meter (Velocity Mefer)

, Piezometers are inserted at normal end and throat and the levels are noted.
Radial Vanes

® The Discharge through the pipe is proportional to the difference of head between
two piezometers.

Figure 5.16 Rotary meter (velocity meter)

e  Consists of radial vanes attached to a shaft, enclosed in a casing. 1

i : ters:
>a<»=3no and Disadvantage of velocity meters over positive Jisplacetient 05
o  When water passes through the meter, radial vanes are rotated in clockwise

| 50 i ire lesser head.
direction, which revolve the shaft. heaper, lightand equire

i
¢ Lessaccurate

o  The number of revolutions per unit time depends on flow velocity.

* Installed only on horizontal pipes.
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(ii)  Positive or displacement meters
e  More accurate and they measure the quantity of passing water by counting the
number of times the meter chamber is filled and emptied.
= Capacity of meter chamber x number
of times of filling and emptying,

® OES:Q of flow over a given period of time

Types:

(i) Reciprocating type
(ii) Oscillating type
(iii) Disc type (common)

e The Disc type meter consists of a disc placed inside a chamber provided with

inlet and outlet. ; ;

When water enters the chamber, the disc oscillates with a spiral motion.
One revolution means one complete filling and emptying of chamber.
o  The discharge is recorded automatically by the reyolution of gears.

e  This meter is widely used for measuring small flows in residential houses.

5.10 HOUSE SERVICE CONNECTION

A typical water connection, connecting the service pipe and municipal water main is

shown in figure.
The water connection consists of :

(a) Ferrule -1t is a right angle sleeve made of brass or gun metal and is joined to a
hole drilled in the water main and is screwed down with a plug. Its size varies
between 10 to 50 mm dia.

(b) Goose neck —~ A small size curve pipe made of flexible material usually lead,
about 75cm length forming a flexible connection between the water main and the
service pipe.

(c) Service N.:.E = Galvanised iron pipe < 50mm dia laid underground in a trench.
,w::w service pipe is connected to the municipal main through the goose neck and
ferrule.

i
1

[ pistribution a7i? >upply to Buildings

Street / Roaq Domestic
water

Wiped .
Boundary
e wall of
Municipal house
street water
main
(SECTION)
Goose-neck pipe y
(usually of lead) . b
. Wk
! 1 —
.“ PR ...\\”. e
| ead to Iron K ] meter
! union joint : \q
(PLAN)

Figure 5.18 The Water Connection

(d) Stop cock - Provided before the water meter in the house. It is housed in a masonry
chamber with removable cover and fixed in the street close to the boundary wall.

(¢) Water meter — Measures/ records the quantity of water consumed in the :ocmo..z
is connected to service pipes by union joint. It is fixed inside iron box fitted in
cavity made in boundary wall of house and covered with movable iron cover.

Stop cocks

o It is a screw down type sluice valve fitted in small sized (< 50mm) pipes for
opening or stopping the supply.
the water entran

on box having 2 hin :
When the valve 1s clos

ce of each building or within the building.
°  They are provided at
ged cover. Water passes

®  They should be enclosed in cast I ed, it rests on

is raised.
through an orifice when the §._<m is rais
the seat, thereby closir:2 the orifice.
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| pipe fittings ¢
m
Fittings are ; 5.47
4 X used in Making seryice
Bends connectj
” Tees *  Crosses -
| . * Elb
| e Unions S OWs
| Pl aps
” ° .cmm o Flan
m o z_mum:mm etc. ges
! o
(0]
Figure 5.19 Stop Cock
Water taps/ Bib Cocks : :
o  They are provided at the end of service pipes through which water is withdrawn

by the consumers.

r tap is the Bib cock.

o  The common type of wate

VALVE WITH
WASHER

3

1.8 Bend (45°)
1/16 Bend (22°)

ORIFICE
1/32 Bend (11.25Y)
[

OPENING |
s Lt P ; . ﬁ

Figure 5.20 Bib cock / Waler Taps

e spou.
Elbow or bend

ow or bend

By rotating the handle, the orifice opens and water passes out through th
. )
Saddle flange  Reducing elb

They can be fitted in pipe size from 10 to 15mm dia.

®
.U . - ,

o m_a owoxw.amw also be of push type. It opens with a slight push vertically u} vard

and closes m_o,,s automatically under self weight. !
o  Bib cocks should be water-tight and should not leak
o  Therubberor leather 5 i

washers used in them should be replaced as and when needed: ottt
. Increaser Figure 5.21 Varou pipe fittings
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5.11 PRINCIPLES OF DESIGN OF WATE

R SUPPLY IN BUILDINGS

Storage of Water in Buildings :

in the building is necessary because of the following reasons -

Storage of water with
lable round the clock.

e  Municipal supplies are not aval

e To meet fire demand.

e  To provide uninterrupted water supply during power failure or repairs,

e  To supplement the direct municipal supply during excess demand.

Estimating storage capacity :

Two

Storage capacity for a building depends on :
(@)

(ii) Rate of supply or pressure in mains.

Hours of supply

(iii) Demand pattern in the building
(iv) Fire storage required.
types of water storages are required in buildings :
(i) Overhead storage
(ii) Underground storage
Overhead storage
o Inindia, the water supply is intermittent i.c. for few hours in the morning and evening.

o It is therefore necessary to store water in overhead tanks particularly for use in
toilets and urinals.

e  The storage depends upon the nu:nber of sanitary fixtures in the building.
e It varies from city to city depending upon the living standards of people.

Table 5.1: Water storage required for flushing in Buildings

S.Noe.

Types of Building

—

]

Storage capacity required

For residences 270 litres for one W.C.and 180 litres for additional sea.

SISy

For factoies & warkshap 900 litres per W.C and 180 litres per urinal

Iy

For Cinema or

900 litres per W.C : =
Public halls P and 350 litres per urinal.

T

|
1
i
4
{

{
3
M
:
1
|
|
|
1
i
|
i
i
w

water Distribution and Suppy Buildings
Table 55, §

o] i T b i

1. Dwelling units ! Storage jp litres per unit Unit
ﬂ\:\mﬂa}l _m/; Resident
\u\\ Hotels ./oo Resident
A\ Commercial m::&:%/# Resident
m\ Schools ./3/ Head
ﬂ@:!amsm homes /““.“m Head
oy —— Resident

Underground Storage :

o  Underground storage tanks are re

e quired to colle el
lines, if the water pressure is insy ct water from municipal supply

fficient to reach the overhead tanks.

The collected water from underground tank is pumped upto %Qrga tank.

o vamn:« o:aaﬂma_samssmnncaqwomrmoam=g|moi%1=m§o.muznv_v\
ours. .

o  Normally, the underground storage is considered as 12 to 24 hours of average
daily demand.

Shed
Delivery

Sucfion Manhole

TN XX TV T X7

S Overflow

7RAK

%

s

0 5.2 Underground water storage tank

Figu
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General requirements of domestic water sto

rage tanks:
(i)  Water tanks should be water-tight and constructed with non-corrosive and non-

toxic materials.
(if)  Sufficient number of manholes and corrosion resistant steps should be provided

for mainienance.

Vent pipes should be provided for ventilation and to p
dicate overflow of water in the tank.

revent negative pressures.

(iv) Overflow pipes should be provided to in
ould be provided to empty the tank easily.

(v) Bottom scour pipes sh
ns to any drain, gully trap or sewer.

(vi) There should not be any direct connectio

vii) Underground tanks should not be located in low-lying areas to prevent entry of

surface runoff or subsoil water.

(viii) Tanks should not be located near sewers, septic tanks, soak pits etc.

(ix) The top slab cover of underground tanks should be able to withstand traffic

loads.
(x)  The retaining walls of underground tanks should be structurally safe to withstand
the earth pressure.
Design considerations for water piping systems in buildings :

e Theobjective is to supply adequate quantity of water to all the floors of the building

with adequate pressure; even to the remotest fixture.
s  The following factors will affect the design.
1.  Water demand for a building
Daily water demand =  Population x per capita demand of the building
The population is worked out on the follwing basis for different types of buildings.
Table 5.3 : Projected populations for different buildings.

SLNo.| Type/ Use of building

1 Residence

Projected Population

5 persons per dwelling unit area

2 | Offices 1 person per 10 m? of plinth area.

3 | Schools Strengths of students + teaching staff

4 | Hostels Number of beds + 4.5 x (Warden'’s residence) + Staff

5 | Hotels Number of beds + Staff + Requirement of restaurant seats
6 | Hospitals Number of beds + Staff :

i
3

' X Dmm
Note : 5 to 15
5% ade 5.51
e i % ditiong| Population for vigi «
6 ws for vari Qrs.
demand. 08 Water SUPPly fixtures and bable simul
A probable simultaneous

e Adequate pressyre should b
S5k ¢ Made aya; 3 e
building. ¢ available even at the remotest fixture in the
In a house ;
° » fixtures Jjke W.e

: LW . -
m_Bs_S:aocm_w at a time, « Wash basin, bath tub will not be operated

Each fix i ire di
R Xture will require different

a fime. flow rates. But only one fixture can be used at

® ——. mw nrﬂﬁﬁwo—‘@ VCB(.O t m. 7 * -.~0 » ture —:ﬁw nmﬁc re
1ent o &W Zn € 2ross su rate for
_( t & ﬁﬁ—v. X m

the highest rate of flow,
Table 5.4 : Flow i
W Rates and Fixture Units for various fixtures.
o. Type of i
S.N ype of fixture Required flow rate in Vs | Fixture Unit

1 Ablution tap 0.12

1 1
2 | Bath tubs [ 02 ]

0.2 4
3 Showers 0.15 2
4 Wash basins 0 T. i !
5 | Kitchen Sinks 0.15 2
6 Water closet 1.5 : -8
7 Urinals 2 . 4

e Gross demand of a building is computed by multiplying number of :&w in the
building with the required flow rate of the fixture having highest flow rate.

Number of flats in the building x flow rate of fixture

Gross demand of a building =
(having highest flow rate)

Example : In a building with a water closet, bath tub, kitchen sink, wash basin and
ablution tap, the gross demand will be taken as 0.20 I/s which corresponds o the bath tub

(maximum rate among the 5 fixtures)

o  Similarly, the probability of using any

building is also quite remote: .
ming that all the fixtures in the building are open, it

esigned assu .
dee ould be unnecessary and uneconomical.

e Iipipesizesare
PIP pes that w

would lead to large size p!

fixture simultaneously in all the flats of the
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Hence, the probability of simultaneous demand has to be calculated by statistical

methods, which is tedious.

g . i ous demand as:
A simple method “Fretwel’s formula” gives the probable simultane

‘n=JN

where, n = probable number of fixtures likely to be open at the same time.

N = total number of fixtures.

3.  Design Methods and Principles :

— Rate of flow in litres/sec (log scale) —

oo oo -

Simple tables and graphs are available to calculate the probable flow rate of fixtures
or demand of the building.

Pipe sizes are calculated using following data :

+  Rate of flow e
¢  Loading units

%  Simultaneous demand

+  Frictional loss in pipes

+ Taps and fittings

30 , o
20
_/
\.\
10
8
6 V]
4 A
L.
2 "
0
8 A
6 \\\\
4 i
”w I‘l\\
10 20 h

mo Bo..moo. mooaooomooo moco;o
Loading units (log scale) —>

Figure 5.23 Probable simultaneous demand

Pipe length can be estimated by drawing an isometric view showing the pipe runs
marked to scale. The total developed length of the pipeline starting from its source to

all supply points, and the number of fittings eg.: bends, tees and elbows etc. can be
worked out.

ater Distribution and Supply to ms_a_:@m

5.53

pumping system, the fixtures on the
k Y to be deficient in water supply. It is
; vm..amm_:.o on all floors. For upper floor, this is

of the branch lines to that of the main vertical

When water is sunnl;

IS supplied frop o
top floors will haye ledst uaw“”“wo& tanks o
0<M.30=ch3\ balancing ¢y, m<w=»h=a el
achieve addi e
=y Y adding the m_oﬁ_ozm_ los

As the pressure js hig

her in |
. Ry ower ) :
increase the frictiona] floors, pipe diameters are reduced successively to

loss to balance the flow.
In very tall buildings, itis :

) etter to divj lildi
supply to each zone may be mm<m=m,3_ e
one water tank installed op the 8th
water tank installed on the terrace

g in vertical hydraulic zones. The
M a separate tank. e.g. For a 16-storeyed building;
:.oQ may supply for lower 8 storeys and another
will supply for the upper 8 storeys.

In tall buildi :
uildings, pressure reducing valves must be used for supply to the lower floors.

mxommmzm pressure in pipes may canse Wwastage of water,
to water hammer and wear and tear of tap. Hence pressur

on water taps to maintain constant flow rate irrespective

leakage in fittings, noise due
e inhibitors may be provided
of the pressure at tap.

2m

erroce « \v._.mzx top

] .* T Tank bottorn ¢
6thFI (1)
1im Water tank
3m _ 8 WB
4/_ sm
5t Sy ) \
3m N = A Ko :
A & 7 _4/ !
3m 1
4th a /__ o3 K 1m
3m e
v : G )
2 ®
3rd o 23 3 o
3m 2. i
¥ 2 12
3 2 i
2nd * 3 21
3m
] N 4 » 2
g 35
1st _ 2
3m
_ 28
K W.C) 5
G Floor im “«ﬂ
* W)
Bath 8
®
Kitchen
®)
7
K
8
w8
we
. g
A ew
Figure 5.24 Water Piping System (Isometric vi )
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5.12 PLUMBING OR PIPING SYSTEMS IN BUILDINGS

The distribution of water within a building can be

1.

[xe]

3.
4.
5t

achieved by the following methods:

Piping system using Direct supply.

Piping system using Overhead tank

Piping system using Underground —Overhead tank
Pumped systems .

Other systems

Piping system using direct supply

Water is supplied to all the fixtures on all floors of the building, directly from the
city mains through house connection. .

This system is successful only when mame.,_,ma pressure is available in the mains
round the clock. : :

Suitable for countries with high water m.—:%_v\ standards (like USA) as it eliminates
the need for storage tanks, which may cause ooam:,::m:os. A\

Convenient for users. :

Economical as it does not require storage tanks or pumping units.

Limitation :

The number of floors (or storeys) to which water can be supplied depends on the
pressure available in the water mains. :

Terrace
A%
Ll - H.ﬁ%- 3 3rd Floor
. fi :
Pipe shaft [~ _t\ Water main- o
Talutlrg T r
_.Ili ot e . - - —J 2nd Floor
si k% Shower
ink | WB
&J wC
I 0 0
_ > .= el S L 1st Floor
|
Mo
e W x
Street L = b@ I GF
\y 3 [fa N ure o

Level “
: ~ _ . {
- ——= _}~—Directsupply
1
_ ﬁ Water Meter 0 fixtures
.

City main .

Figure 5.25 Direct Supply

i

water Distribution and Supply to Buildin
o * @m
2 Piping system using Oél_sa t
anks

5.55

TO ém.ﬁm—. ﬂ— Qmw—:.ﬂ m: :.um Mmun;j _vm ma ns Is not mc: cienttor Q
_ = —::nm i i w rio
: : g m . € UﬂOmm_.:m mw _:m: O:—u : m m

o To meet the water deman

: d durj :
S:wﬁ which are filleq ¢; "8 non-supply hours, water is stored in overhead

rectly from the municipal mains.

The supply t : 5
Pply to the kitchep i directly from the municipal mains

The supply fo; :
pply for bathing ang flushing is from the overhead tanks.

o This systemisc : ;
ommon in Indian houses, hotels and restaurants

Limitation :

o  Drinking water has to b i :
e sto i i
red in vessels during the daily supply hours.
Air <ma’v?|1l“/a l~— Water tank
3 ] S
LB e “,..L_». : — Terrace
Down take pi
o %Im%ﬂ_.ﬂm G Supply to fixtures
. toallfixtures o
including kitchens * A
T el r
S SSmATa 3rd Floor
a_ Direct main N>
sr—Supply line to
. ~ O.H. tank
" :
ol i ¢
o1 v, : 2nd Floor
7 A dquaoa
- ) W,
T BT e
|||m_b_u|\|l N Y. 1st Floor
| i
o —— ﬂ— 83
: “ w !
G Floor
L, !
Street level \ iﬂ\uﬂ T e
bl =3
i
WM.
! City main
: i gad tank
Figre .26 Pipng sytem usig OVert
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3.

Piping system using Underground - Overhead tank supply

sure; whether continuous or

‘he ¢ ricipal supplies are at low pres
ot e o d storage tanks.

intermittent, it becomes necessary to store water in undergroun

In this system, direct pumping from mains is prohibited.

Water from the underground tank is pumped to the overhead tank.
Water is then supplied to all the fixtures from the overhead tank.
Domestic R.O. filters may be essential to obtain safe drinking water. W
N
el I === 7l.—Water tank
I ]
; ey 1 qm:mo,m
_ll Filling line /
| from booster [© :
=R W e
Kitchen : . : 3rd Floor
l _ Down take™
supply to A%
Eia s fixtures
& |3 A w =
enen ! %m , 2nd Floor
2l
. > Shower
Sink R bt _ W.C W.B. )
nﬂ ; mﬂ : nw LA Tap
plishen ! _ Y ‘ 1st Floor
Kitchen . ﬁ ! o :
1 AT
_ Y GF
77 LN 7 e
N
Direct supply
“ I._ to kitchens
“ c=amanﬂo==a
tank
Figure 5.27 Piping system using underground Overhead tank supply.

/

4.

| water Distribution ang mcuv_< to Buig

Pumped Systeng -

ings

Hyq, o
Sy Ydro _.__2:_::7, System L5
1S & high presgyge distribyg;
This system id st
w_ OQ__,O_.... H B
constructed ang g, z__”._/_m::m buildings where overhead tanks cannot be
top floors, ' Overheaq tanks cannot generate sufficient pressure at
Water is distri
> distributed by ;
oint. ¥ an automatie pumping !
P ping system directly to the supply
There is no need of overhead tapkg
The pressure is b .
° 00sted by pumping
ground leve| tanks, Y Pumping sets that pumps water from underground or
_,.l'_ _ Terrace
Fixture Air chamber
=
[ty 14
Floor 7
Fixture
ok i e
Floor 6
Supply —f || Fixture
main 144 4.0
Floor 5
] Fixture
Wall *
v bt
- 2 Floor 4
»mxﬂ»:a* ﬂ
" Floor 3
Pressure ! *Echﬁ o
tank
Air : Floor 2
compressor Fixture
Boundary : tt 1o
Wall bt Floor 1
s
- Pump S 77T ITITIIT IS
:\-\\\*Nx\\\\\\ush.‘hﬂm-”-ﬁu (L LT ALY
L v
City water /.camaac:a
mains tank

Figure 5.28 Pumped Systems (or) Hydro-Pneumatic Piping System
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Other Systems — Continuous running systems

o Water is directly supplied to the point of use.

e  This system is used where the

capacity.

Example :

Air conditioning cooling tOWers, Steam boilers and Industries.

demand is constant and maiches with the pump

o.:..aaxm
\._.Q._.on\n
Kitchen/ i 1
Woll— Bath Floor 6
’
t #  xit/Bath ViC.
O Floor 5
Supply —1 |
maln f
A
- s — Kit/ Bath W Gt
f Floor 4
y
i
14 kit/eath We.
, : Floor 3
/
Kit [Bath we. |
Wall
vcav/.ml : Kit/ Bath w.C. |
Road ’ . Floor 1
Sty \\\\\\\ 7777777 7777 777777777777
WM
) T/c:am«o«ocaa
City water tank
mains

Figure 5.29 Continuous running — Direct pumping system
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The following softw
g are are psed ;
n the m_Wm

1.

RIBUTION NETWORKS

o G R
EPANET: Public o 120 of Water Distribution Networks (WDNs):
softw .

sort of network. It proyig are which can be efficiently used 1o desi
. 3 ol o v used to design any
extended period simulation, re «.Mzma of advantages like water quality mzwﬂ“f‘w._w
can also be used » Tesidual chiorine calculati e ion bl

e 0 Tenoy calculations for disinfection e

ate or restore the éxisting water supply systems i

BRANCH: Publi

- ic domaj i

to design the ?mznrmms oE.u @.S:on software in which program is developed

parameters like elevatio mwﬂ. aﬁ.:gmon networks. Branch software takes certain
n data, pipe lengths, coefficient of friction and demand of

nodes as inputs ove
T 3 ; :
dimimeters of pipes the cost as function. The output is optimized length and
pes so that overall cost of network is the least one :

WaterCAD & Q- Thoc,

Gt EmMuMHMWMom Mw.&m are easy o use and versatile water distribution

o e Ay ing software v.manmm accepted for a variety .Awm
ydraulic modeling, water quality modeling and analysis, steady

state and extended period simulations, strong data management, wammu.&mos i:w

AutoCAD and GIS, simple model building with geospatial 5.oa=_mm and 80\_!

fire flow analysis, optimization and control of distribution network variables like
flow, pressure, velocity etc.

WATSYS: It is a water distribution simulation and modeling software based on
Geographical Information System (GIS). It is efficiently used for designing new
water distribution as well as for up-gradation of existing distribution networks. It
comprises of features like colour-coded plans for making colourful visualizations
of pressure, elevations and flows at different nodes, nw&. importing and exporting
data files, in-built pipe catalogue etc. It is efficiently used for simulation and
modeling of different types of distribution networks.

DisNet: It mm.noim&.:_ and efficient water distribution software and offers great
simplicity in building water distribution networks. wamaca mno,.:.wo.w in output
with optimum input details. It is used in the design of s.ﬁn.q Em:_g:g.. m:owa
hydrology, generation of unit Eaam&gw.\g_a nm.:&:mr_:m interrelationships
between them. 1tis integrated with CAD 2s _G.Eg.—.: management tool m.na used
in modeling different types of water distributions networks for different

ﬂonomamvzom_ conditions.

; istributi frware integrated |
; Sy CAD based water distribution so
Ewmn»__:nau. Iisam A sesses a feature of building query

. . alysis program. 1pos iegt
Wit ERANEL “«oﬂw.mm““”w MW@RB Eaaczo parameters like head loss, pressure,
for addition an :
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flow of distribution networks. It provides inbuilt pipe catalogue which consists of
detailed information about pipe material, classes and sizes. It is also used for fire
flow analysis.

" 7. KYPIPE or Pipe: Hydraulic modeling software package which has strong
- computational algorithm for the fluids essentially water. It. can be used for the
designing and selection of pumps, valves, tanks as well as pipes.

Other software available are: LOOP, AQUIS, H20 map, H20 net, Synergi Water,
HYDROFLO3 etc. '
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