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INTRODUCTION

Water supply system broadly involves transmission of water from the sources to the area of consumption through
free flow channels or conduits or pressure mains. Depending on topography and local conditions, conveyance
may be in free flow and/or pressure conduits.

Transmission of water accounts for an appreciable part of the capital outlay and hence careful consideration of
the economics is called for, before deciding on the best mode of conveyance.
While water is being conveyed, it’s necessary to ensure that there is no possibility of pollution from surrounding
areas.

FREE FLOW AND PRESSURE CONDUITS
OPEN CHANNELS

Economical sections for open channels are generally trapezoidal while rectangular sections prove economical
when rock cutting is involved.

Uniform flow occurs where the dimensions of the cross-section, the slope and the nature of the surface are the
same throughout the length of the channel and when the slope is just equal to that required to overcome the
friction and other losses at the velocity at which the water is flowing.



* Open channels have restricted use in water works practice in view of the losses due to percolation and
evaporation as also the possibility of pollution and misuse of water. Also, they need to be taken along the
gradient and therefore the initial cost and maintain may be high.

* While open channels and canals are not recommended to be a conveyance of treated water, they may be adopted
for conveying raw water.

* Sometimes diversion channels meant for carrying floodwaters from other catchments are also used to augment
the yield from the reservoirs.

GRAVITY AQUEDUCTS AND TUNNELS
* Aqueducts and tunnels are designed such that they flow three quarter full at required capacity of supply in most

circumstances. For structural and non-hydraulic reasons, gravity tunnels are generally horseshoe shaped.

e Gravity flow tunnels are built to shorten the route, conserve the head and to reduce the cost of aqueducts,
traversing uneven terrain. They are usually lined to conserve head and reduce seepage but they may be left
unlined when they are constructed by blasting stable rock

e Mean velocities, which will not erode channels after ageing, range from 0.30 to .60 mps for unlined canals and
to 2 metres per second for lined canals .



PRESSURE AQUEDUCTS AND TUNNELS

e They are ordinarily circular in section. In the case of pressure tunnels, the weight overburden is relied upon to
resist internal pressure.

* When there is not enough counter- balance to the internal pressure, steel cylinders or other reinforcing structure,
for example, provide necessary tightness and strength

PIPELINES

* Pipelines normally follow the profile of the ground surface quite closely. Gravity pipeline have to be laid below
the hydraulic gradient.

* Pipes are of cast iron, ductile iron, mild steel, prestressed concrete, reinforced cement concrete, GRP. asbestos
cement, plastic etc.

HYDRAULICS OF CONDUITS

* The design of supply conduits in dependent on resistance to flow, available pressure or head, allowable
velocities of flow, scour, sediment transport, quality of water and relative cost.
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For CifCUlaI COﬂdUits, the CKP[ESSion becomes - Q = discharge in cubic metre per hour .
— L(l--.) S = slope of hydraulic gradient
Y= 4.567 X 10‘ C dn' S d diameter of pipe in mm,
r = hydraulic radius in metres,
and . V = velocity in mps, and
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£ = Darcy’s Friction Coefficient ) /Viscosity
R, = Reynold’s Number = Velocity X D1 etef
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d = Diameter of pipe ; k = Roughness pre] may be made to any

. ference
For more details of the Colebrook-White formula, reDesign Values of roughness (k)

= . ed
standard reference book on Fluid Mechanics. Recommend
Ior pipe maternials ar2 shown below-.
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S.No. Pipe Material Value of
' New Design
1. NMetallic Pipes - Cast iron 0.15 *
and Ductile Iron
2. Metallic Pipes - Mild Steel 0.06 >
3. Asbestos Cement, Cement 0.035 0.035
Concrete, Cement Mortar or epoxy
lined Steel, C I and D I pipes l
4. PVC,GRP and other plastic Pipes 0.003 - 0.003

*  Reference may be nade 1o IS : 29571 for rozghrness values of aged 7zzetallic pipes.



COEFFICIENT OF ROUGHNESS

In today's economy climate, it is essential that all water utilities ensure that their resources are invested
judiciously and hence is an urgent need to avoid over designing of the pipelines.

Despite technological advancements, improved methods of manufacturing of all types of pipes and advent of
new pipes material, the current practice of adopting conservative Coefficient of Roughness Value(C values) is
resulting in under utilization of the pipe material

The coefficient of roughness depends on Reynolds number (hence on velocity and diameter) and relative
roughness (d/k). For Reynolds number greater than 107 the friction factor ‘f” (and hence the C value) is relatively
independent of diameter and velocity.

However, for normal ranges of Reynolds number of 4000 to 10° the friction factor ‘f” (hence the C value) do
depend on Diameter, Velocity and relative roughness

PVC Glass Reinforced Plastic (GRP) and other plastic pipes are inherently smooth as compared to Asbestos
Cement (ACC). Concrete and cement mortar/epoxylined metallic pipes.

Depending on quality of workmanship during manufactured and the manufacturing process, the ACC, Concrete
and cement mortar/eporylined metallic pipes tend to be as smooth as PVC, GRP and other plastic pipes.



The metallic pipes lined with cement mortar or epoxy and Concrete pipes behave as smooth pipes and have
shown C values ranging from 140 to 145 depending on diameter a velocity. Reference may be made to " Manual
of Water Supply Practices", AWWA/M9 published by American Water Works Association (AWWA), second
edition 1995.

With a view to reduce corrosion, increase smoothness, and prolong the life of pipe materials, the metallic pipes
are being provided with durable smooth internal linings AC Concrete and cement mortar/epoxylined metallic
pipe, PVC, GRP and other plastic pipe may not show any significant reduction in their carrying capacity with age
and therefore the design roughness coefficient values (C values) should not be substantially different from hose
adopted for new pipes.

However, pipes carrying raw water are susceptible to deposition of silt and development organic growth resulting
in reduction of carrying capacity of such pipes.

In case of buildup substantial growth/ buildup of deposits in such pipes, they can be removed by scraping and
pigging the pipelines.

Unlined metallic pipes under several field conditions such a carrying water having tendency for incrustation and
corrosion, low flow velocity and stagnant water and alternate wet and dry conditions (resulting from intermittent
operations), undergo substantial reduction their carrying capacity with age.

Therefore, lower “C” values have been recommended for design of unlined metallic pipes. As such, use of
unlined metallic pipe should be discouraged.
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i Fable 6.1: HA Rccommcnded C Values

Pipc Matcrial of surface finish of mem pipelimec. 1he xser agen., may peafy that flom tevt may e

= conducted for determining the C rabues of laid pipelines.
s Pip_ﬁe, Design Purpgss~ f e Py
The quakty of galvanizing should be 11 accordan-e aith the relesant tandards to enrere
—_ T resistance to corvosion through out ifs design life.
Uﬂfl"ned Merallic Pipes 130 Ton *  For pipes of diarneter 500 mm and abore; the range of C. ralues may be from /) 1o 125
Cast Iron, Ducnle Tron l;ﬂ' 100 Jor pipes less than 500mm..
AN Stee 3 .
) ?ll(l ool 120 1) **  In the absence of spedific data, this value is recommended. 1loncier, in cas: anthentic field
Galvanwed Tron above 30 mm dia. # 120 55 data is available, b-igber ralues uplto 130 may be ddoﬁffd«
Galvanized Tron 30 mm da and

il ; The coefficient of roughness for use in Manning's formu'a for different matenals as
Clonw s y CaeVICL R 2
cn“nﬂ__‘:? h;_; heitise sgreace presented in Table 6.2 may be adopted generally for design purposes unless local
Ons. - . . -
experimental results or other considerations warrant the adoption of any other lower

value for the coefficient. For general design purposes, however, the value tor all swres may
Centrffugaﬂy Lined Metallic be taken as 0.013 for plastic pipes and 0.015 for other pipes.
Fipes Table 6.2 : MANNING’S COEFFICIENT OF ROUGHNESS
Cast Iron, Ductle Iron and Nald g "
Steel Pipes lined with cement mortar Type of lining Condition H
our Fpox =
poxs - Glazed coaung of In perfect order 0.010
L'p to 1200 mm dia 140 enamel Timber
\bove 1200 mm dia 145 145 (a) Plane boards carefully laid 0.014
(b) Plane Boards inferior workmanship or aged, 0.016
Projection Method Cement () Non-plane boards carefully laid 0.016
Mortar Lined Metallic Pipes (d) Non-plane boards inferior workmanship or 0.018
Cast Iron, Ductile Ivon and Nild 130* 110%* aged
Steel Pipes Masonry (@) Neat cement plaster 0.013
(b) Sand and cement plaster 0.015
Non Merallic Pipes (c) Concrete, Steel troweled 0.014
RCC Spun Concrete, (d) Concrete, wood tro.\x:'el.ed 0.015
p d4c (¢) Brick in good condition 0.015
restressed Conerete (f) Brck in rough condition 0.017
s RN i ki 140 140 () Masonry in bad condition 0.020
Above 1200 mm dia 145 145 Stone work (@) Smooth, dressed ashlar 0.015
XibssteE Carent 150 a i (b) RT.lbblc set in cement 0.017
(c) Fine, well packed gravel 0.020
Y €3 o Plas " _
PV, GRIP? and other Plastic pipes. 150 135 Earth ) Regulacssiface i good conmbon 0.020
@  The C ralues for new pipes included in the Table 6.1 are for determining the wcoeptabrin (b) In ordinary condition 0.025

- (c) With stones and weeds 0.030




(Reference may be made to I.S 2951 for calculation of Head J.oss due to fncuon according
to Darcy-Weisbach formula).

6.2.3 HAZEN-WILLIAMS FORMULA

The commonly used Hazen-Willlams formula has following inherent limitanons:

/’mn/ n
0.03
Type of linin ”—”/—__—\S
¢ ondition th debris Of weeds 0.05,

@ Inpoor® wi

jally obstr 0.014 (® The numerical constant of }azen-Williams formula (1.318 in FPS units or 0.85
o el MKS h al d hydraulic radius of 1 foot and
elded 0.019 in M units) has been calculated for an assumed hydraulic radiu ‘

Steel @ W 0.0 friction slope of 1/1000. However, the formula 1s used for all ranges of diamerer
(b) Riveted perculated 0.020 and frction slopes. This practice may result in an error of upto * 30% in the
© Slightly t:‘ _ear lined 0'011 evaluation of velocity and * 55%6 in estimation of frictional resistance head loss
(d) Cement VO 013

Cast Iron & (a) Unlined il 0.01 (1) The Darcy-Weisbach formula 1s dimensionally consistent. The Hazen-Williams

Ductile Iron (b) Cement moftar 0.013 cocefficient C is usually considered independent of pipe diameter, velocity of flow

Asbestos Cement 0.011 and viscosity. However to be dimensionally consistent and to be representanve

: _-//-_ P of friction conditions, 1t must depend on relative roughness of pipe and

Plastic (smooth) metallic pipes and 0.011 for plastic ang Othy, Reynold's number. A comparison between estimates of Darcy-Weisbach fnction

factor f, and its equivalent value computed from Hazen-Williams C for different
pipe matenals brings out the error in estimation of ‘f’ upto *45% mn using
Hazen Williams formula. It has been observed that for higher 'C' values (new
and smooth pipes) and larger diameters, the error is less, whereas it is appreciable
for lower 'C' values (old and rough pipes) and lower diameters at higher

Note : Lalues of n may be taken as 0.015 Jor unlined
smooth pipes. i materials are given in Table 6.3

The friction factor values in practice for commonly “‘S;RII)Cf;ON FACTORS
TABLEG6.3: RECOMMENDED " 0 i1a

—_—

IN DARCY-WEISBA r——"‘"""‘_"Zth-x Factor iy
SI. No Pipe Material Diameter(mm) | e For Design | velocitles.
New Period of 30 (1) The Hazen-Williams formula is dimensionally inconsistent, since the Hazen-
From To Years Williams C has the dimension of L.°%" T and therefore is dependent on units
1. RCC 100 2000 0.01 to 002 0.01 to (& employed.
2. AC 100 | 600 0.01 to 0.02 001 to 002 || 6231 Discussion On Various Formulae For Estimation Of Frictional
3 HDPE/PVC 20 100 0.01 to 0.02 0.01 to O'OL Resistance
4. SGSW 100 600 | 0.01 to 0.02 0.01 to 0.2 ®  With avi . e _
0.02 0.053 to 003 ith a view to avoid the lumtauoqs of the 'Hazen L€ d}tam;; formula.., t.he present
5. C.L 100 1000 | 001 to trend is to use the Colebrook-White equation for estimation of friction factors
(fotl' CO)rrosive and then use the Darcy-Weisbach formula for estimation of head-loss due to
WA friction in the pipelines. This practice will yield correct results compared to the
6. €l 100 | 1000 | 0.01 to 0.02 0.034 to  0.07 L ¢
(for non-corrosive EEEES W b
waters) The estimation of Darcy’s ‘P for vanations in velocity and diameter involves
7- Cement Mortar or 100 2000 0.01 to 0.02 0.01 to 0.02 repetitive and tedious calculations. Further, there is 2 need for assuming a
Epoxy Lined correct k value in the Colebrook-White equation for calculation of friction
metallic pipes coefficient ‘f in the Darcy-Weisbach formula. Conservative assumption of ‘K’
(Cast Iron, Ductile values will also result in under-utilization of carrying capacity of the pipes.
Iton, Steel) However it is recommended that frictional losses should be estimated with
8. G.L 15 100 | 0.014 to 0.03 | 0.0315 to  0.06 Darcy-Weisbach formula by changing ‘f values for varying velocity and diameter
combinations and assuming a correct k value in the Colebrook-White equation.
11




h in G, F
Reconinsaded T valises for ve i Colebrook-White formula are shown 1n 6.2 4 ()
ecommende S

-Wiesh .
() If there 15 a choice for use of pipe foction fo;n utl'?;rt l::fjcymcrzﬁ,:: hll’:.eld‘ in which,
accuratc results but involves extra colmpu:::;m:rh c‘ Modified Hazen W.n,;t: V = velocity of flow in m/s;
\(xl\}l}l:n; f(}IW)u] t::r'mdin“:r:gmvc‘:::-rxt was suggested f%f usedmfhcu ‘if Hy Cr = pipe roughness cocfficient; (1 for smooth pipes; <1 for rough pipes);
) formula being . 24 1s denve rom [y X .

formula: "The, MEIW fosiula gh&,\":n . Lf;t::nf Since the friction cr»Cfﬂc,r:,y, r = hydraulic radius in m;

i brook- ite ¢q : e o
Xg:::ihogya)ﬁz(:oizrn::s of pipe and Reynolds nug‘ ber; (4 ‘:flu;;illv’ hay, s = friction slope;

5 i nations ) = COree ) . ) )

to be varied for various diameter ““dhf’c}:";’g, ::::Its in cxtra cnmpu(au,:;q D internal diameter of pipe in m;

i i ictional resistancc whic $ : ) _ o ’
Ei?xémx'vzg:: eCfn\f;z:s a:e given i Table 6.4 for use l:ht -1:45(«)»9 hed Hazen h = frction head loss in m;

: R . within 5% accurac

il : te Fri- ++-nal resistance , yay | o
vtl:li;::lef%r;n‘ga\;hi(\:;c\i‘;ﬂ;::l?;:r:\ul.1 coupled with (:Olcbro.ok'“ hite “quatioy ! L = length of pipe in m; and
gives most ‘ac-:curateyresu]ts followed by modified 1lazen-Williams formula ang : Q = flowin pipe in il
Hazen-Williams formula. ‘

i “ills la 1s
| imati : fied 1Tazen-Williams formu
i) It is signifi that irrespective of the formula used for esumation f | A nomograph forlesnmanon of head loss by Modifie
tt t at ir : sy
(u1) f:i;ii;:—;g;':::c:i‘:tangcnz ie; necessary to adopt different rogg_hnc:ss u)efﬁcmm. values presented in the Appendix. 6.3 ~
for the various vck;city-dlarneter combinations 1if the fncui)nal r?tst'arllc%- l';_ to be 6.2.5 E T, S
accurately estimated involving changing the C values, k or £ or Cg values for the FFE

. e alue of C rreveals
same pipe material. In design, various velocity-diameter combinations are required Analysis carried out to evaluate effect of temperature (viscosity) on v
¢ pipe material. 2
6.2.4 MODIFIED HAZEN-WILLIAMS FORMULA

0 °C is 4.5% for a
that the maximum variation of Ck for a temperature range of 10°C to 30°C 1

diameter of 2000 mm at a velocity of 3.0 m/s. In the light of this revelation, Cr values are
‘The Modified Hazen Williams formula has been derived from Darcy Weisbach ang L presented for average temperature of 20°C.
Colebrook-White equations and obviates the limitations of Hazen-Williams formula. i —
V = 3.83 Cpd° ™ (gs)o.sszs/ 0 105 (6.8)

Where,

Cr = coefficient of roughness

d = pipe diameter

& = acceleration due to gravity

§ =

= friction slope

v

viscosity of liquid
For circular conduits, Vv, for water = 10°¢ m?/s and g = 9.81 m/s?
The Modified Hazen Williams formula derived as

V = 143.534 Cj r°%575 g05525

6.9)
h= [L(Q/Cy"*]/994.62D**! (6.10)



REDUCTION IN CARRYING CAPACITY OF PIPES WITH AGE

The values of Hazen Williams ‘C’ are at present arbitrarily reduced by about 20 to 30 percent in carrying capacity of pipe with
age. Studies have revealed that chemical bacteriological quality of water and velocity of flow affect the carrying capacity with
age.

The data on existing systems in some cities have been analyzed along with the experimental information gathered during the
study to bring out a rational approach to the reduction in capacity of pipes with age.

The Cy values obtained in such studies have shown that, except in the case of CI and steel pipes while carrying corrosive water,
the current practice of arbitrary reduction in 'C' values as per section 6.2.2 results in under utilization of pipe material to the
extent of 38 to 71 percent for CI pipes for non-corrosive water,46 to 93 percent for RCC pipes and 25 to 64 percent for AC and
HDPE pipes.

DESIGN RECOMMENDATIONS FOR USE OF MODIFIED HAZEN-WILLIAMS FORMULA

1.

1.

1.

1v.

New CI, DI, Steel, RCC, AC and HDPE pipes behaves as hydraulically smooth and hence CR of 1 is recommended.

For design period of 30 years, no redaction in CR needs to be effected for RCC, AC PVC and HDPE pipes irrespective of the
quality of water. However, care must be taken to ensure self-cleansing velocity to prevent formation of slimes and consequent
reduction in carrying capacity of these pipes with age.

For design period of 30 years, 15 percent reduction is required for unlined CI and DI pipes of non corrosive water is to be
transported. The design must also ensure self cleansing velocity.

While carrying corrosive water, unlined CI, DI, and steel pipes will loose 47 and 27 percent of the capacity respectively over a
design period of 30 years. Hence, a cost trade-off analysis must be carried out between chemical and bio-chemical correction
of water quality, provision of a protective lining to the pipe interiors and design at reduced CR value for ascertaining the utility
of CI,DI and steel pipe material in the transmission of corrosive waters.



RECOMMENDE
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TABLE 6.4
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Diameter(mm)

M FORMULA (AT 200
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Velocity(m/?
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New

Cr Value Fo

Design Perjy,
of 30 Yeay, |

I From| To | From| To = TR
l ; R e — 1' .
2 — 1, : ,
40 | o ] o3| 20 | MW |
— | Diameter(mm) Velocity(m/s) ]
3. |HDPE and PVC 20 100 0.3 1.8 1.00 1.00
4. CI/DI 100 1000 0.3 1.8 1.00 0.85*
(for water with
positive Langelier's
index) -
5. | CI/DI (For waters 100 1000 0.3 1.8 1.00 0.53
with negative
Langelier's index)
6. | Metallic pipes lined 100 2000 0.3 2.1 1.00 1.00
with cement mortar
or epoxy (for water
with negative
Langelier's index)
T SGSg\;/ 100 600 0.3 21 1.00 ;22
: - 0.87% .
8. | GI (for waters with 15 100 0.3 1.5
positive Langeliers

IPELINES -
6.2.10 GUIDELINES FOR COST EFFECTIVE DESIGN OF P major poruon of the
. San i
The cost of transmission and distribution ‘i_\-'-‘i"{mllc"":'_"'“mrtq
project cost. It is desirable to adopt the following guidelines:

‘o1d depositiong
- der to avo!
The design velocity should not be less than (1.6 m/s in orde

O] : .
and conscquent loss of carrying capacity. ) hould not be less than ¢
. .. . the desi velocity sho osition and ‘o
(1) In design of distribution systems, gn y encourage dep Grable die t:

where inev:

1 i i1 { a
m/s to avoid low velocity conditions which m ¢
lower velocities

: : - . - : ity wever,
corrosion resulting in deterioration in quality. Fifj) con’straintst
minimum pipe diameter criteria or r_)thcr hydraulic
may be adopted with adequatc provision for scouring.

i i f the pipe shall b
(1)  In all hydraulic calculations, the actual internal diameter ©

adopre . .
dopted after Accounting for the thickness of hining, f any, mstead of the
nominal diameter of outside diametrers (€1

(A% In prov f h

(v) ‘l: Ir uhn;lg or Cad leyng duc te lllllnx\' specials and other a Prrtcnanc ex,
actual head < 2 f

B g (& Oss calculations based on consideratieon ncluded 1in subsece hen 629

should be done mstcad o f making an arbitrary Provision

6.3 PIPE MATERIALS

a major
: proporucn of the capstal
invested in water supply undertakings and therefore are of particular importance “Therefore
| from the pomnt of view of
over all cost which includes, besides the pipc cost, the snstallation and

maintenance COSts nccessary to ensure the required function and performance of the pipeline
throughout its designed life time.

6.3.1 CHOICE OF PipPE MATERIALS
The various types of Pipes uscd are:
CI1, DI, M.S., G.I.
) Unlined Metallic pPipcs
G
IT. Non Metallic pPipcs

I Metallic pipes -

Metallic pipes lined with cement mortar or epoxy lining;

@) Reinforced Concrete, Prestressed Concrete, Bar Wrapped Stecl Cylinder
Concrete, Asbestos Cement

@D

The determination of the suitability in all respects of the pipes and specials, for any work

is a matter of decision by the Engineer concerned on the basis of requirements for the
scheme.

Plastic Pipes : PVC, Polyethylence, Glass Reinforced Plastic, etc.

Several technical factors affect the final choice of pPipe material such as internal pressures,
coefficient of roughness, hydraulic and operating conditions, maximum permissible diameter,
internal and external corrosion problems, laying and jointing, type of soil, special conditions,

etc.
Selection of pipe materials must be based on the following considerations:

(@) The initial carrying capacity of the pipe and its reduction with use, defined, for
example, by the Hazen-Williams coefficient C.
Values of C vary for different conduit materials and their relative deterioration 1n
service. They vary with size and shape to some extent.

(b) The strength of the pipe as measured by its ability to resist internal pressures and

Index)

! / ; % in estimation of surface resistance.
*¥These are average CR values which result in a maximum error of X 5% in estim of surf
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(® The ease or difficulty of operations and

The life and durability of the pipe depends on sc:_v;:t’tllu:;?lli
the pipe material, the manufacturing process along _;V't ?jjtions and quality of water.
laying and jointing of the pipelinc, surroqndmg soil con Where: the pipelines T .
the design period of pipelines is considered as 30 yegrs-mu d with adequate quality control
manufactured properly as per specifications, designed and installe

. e
i ife provided the quality *
and strict supervision, some of them have lasted more than the designed life p

c i i fore the
of water is non-corrosive. However, pipcline failures for various pilpt‘rkl'l'lﬁ-z_egillfi e;’s:lil:; .
expiry of the designed life have been reported pfobably due to fac :; Sivegiwatets Aoy
during manufacture and installation, improper design, presence of cor >
soil environment, improper bedding and other relevant factors.

Lined metallic pipelines are expected to last beyond .the normal design hﬁ? 9f 30 years.
However, the relative age of such pipes depends on the thickness and quality of lining avallable
for corrosion. The cost of the pipe material and its durability or design life are the two major
governing factors in the selection of the pipe material. The pipeline may have very long life but
may also be relatively expensive in terms of capital and recurri'ng costs and, therefore, it is very
necessary to carryout a detailed economic analysis before selecting a pipe material.

The metallic pipes are being provided with internal lining either

with cement mortar or epoxy
so as to reduce corrosion, increasc smoothness and prolong the life

Underground metallic pipelines may require protection against external corrosion depending

on the soil environment and corrosive ground water. Protection against external corrosion 1s

provided with cement mortar guiniting or hot applied coal-tar asphaltic enamel reinforced with
fibreglass fabric yarn.

The determination of the suitability in all respects of the .
decision by the engineer concerned on the bas.xs of the Tequirements );_:;O:‘l: 1S a2 matter :):
checklist in Table 6.7 for selection of pipe material has N provided to facily e scheme: )
makers in selecting the economical and reliable pipe materia] for the given d‘:-c:: the decision

con s.

Pipeline for an

6.4 "—CAST IRON PIPES

6.4.1 GENERAL

Most of the old Cast Iron pipes were cast vertically but this typcdbas ::::no;a;%esl (};
uperceded by centrifugally spun cast iron type maqufagturcd upto a :m’; o veale
:nm(ls' 1536-1989). Though the vertically cast iron pipe is heavy in wmgft',tso ol Tiskiig
strength, and liable to defects of inner surface, it i's wixdcly' used becaushc. (; non 5:“ Ao
qualitics. There are many examples of cast iron mains in this country which ¢

satisfactory service cven after a century of use.
4

: ; ; : . ars. Due to
Cast Iron pipes and fittings are being manufactured in this country for several ye .
; : . : : i r waters O
its strength and corrosion resistance, C.I. pipes can be used in corrosive soils and fo .
; ; - in
shightly aggressive character. They are well suited for pressure mains and laterals where tapings

are made for house connections. It is preferable to have coating inside and outside of the pip

Vertically cast iron pipes shall conform to 1.S. 1537-1976. The pipes are manufactured by
vertical casting in sand moulds. The metal used for the manufacture of this pipe is not less than
grade 15. The pipes shall be stripped with all precautions necessary to avoid wrapping or

shrinking defects. The pipes shall be such that they could be cut, drilled or machined.

Cast Iron flanged pipes and fittings are usually cast in the larger diameters. Smaller sizes have
loose flanges screwed on the ends of double spigot-spun pipe.

The method of Cast Iron pipe production used universally today is to form pipes by spinning
or centrifugal action. Compared with vertical casting in sand moulds, the spun process results in

faster production, longer pipes with vastly improved metal qualities, smoother inner surface and
reduced thickness and consequent lightweight(IS. 1536 -1989).

Centrifugally cast iron pipes are available in diameters from 80mm to 1050mm and are
covered with protective coatings. Pipes are supplied in 3.66m and 5.5m le

ngths and a varniety of
jomnts are available including socket and spigot and flanged joints.

The pipes have been classified as | A, Aand B
have been taken as the basis for evolving the seri

thickness over class LA. Class B allows a 20% inc

according to their thicknesses, Class LA pipe

es of pipes. Class A allows a 100, Increase in

S

rease in thickness over class LA,
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suitable washing of the main.

i Pipes were Smfted 1_1"1 1914 by a thch .
I

Experiments in centrifugal casting of 1 _ 9
: : :

which ultimately resulted in commercial production of spun p1P e ying

the weight of vertically cast pipes of the same class. The greater te gth Spun ;

1s due to close grain allowing use of thinner wall than for th f th : hil
equal length. Tt is possible by this process to increase the length o e pipe whilst 5
advantage lies in the smoothness of the inner surface.

6.4.2 LAYING AND JOINTING
Before laying the pipes, the detailed map of the area showing SRR ey

scour valves, air valves and fire hydrants along with the existing intercepting Sewery,
telephone and electric cables and gas pipes will have to be studied. Care should be taken ¢,
avoid damage to the existing sewer, telephone and electric cables and gas pipes. The Pipeline §
may be laid on the side of the street where the population is dense. Pipes are L4

underground with a minimum cover of 1 metre on the top of the pipe.

Layfng of cast iron
regulations laid down by the various munici
intended to ensure proper laying of pipes gi
workers engaged in laying,
6.4.2.1 Excavation And Preparation Of Trench

Excavation may be done by hand or by

may be laid to the required gradient and at the requj

roadway a minimum cover of 1.0 m is recomn‘fft;lclire?:[d g_;[;ﬂ'l-"zvhen o
shall prqvide not less than 200mm clearance on both sic-ieq of ;l th
be provided ar positions of sockets and flanges for joinlti

shall also be sufficient to permit finishing of joints. "8 Dep

6.4.2.2 Handling Of Pipes
While unloading, pipes shall not be thrown down

. - - - - b
inclined timber skids. Pipes shall not be dragged over otﬁi:may he carefully unloaded on

similar pavements to avoid damage to pipes. o
6.4.2.3 Detection Of Cracks In Pipes

The pipes and fittings shall be inspected for defects

] and b .
preferably while suspended, to detect cracks. Smearing t ¢ rung With

he outside with chalj

to the potable water, after ste n'l’Zanoﬂ

es. Spun pipes are abouyt

at of a vertically Cast Iron m Y

pipes for water supply purposes has been generally governed by the
palities and corporations. These regulations age
ving due consideration to economy and safety of

e pipeline i1s under a
of the trench at bottom

a light hammef,
dust helps in

onfirmation may be obtained by pouring a
suspected spot. If a crack is present the

kerosene seeps through and shows on the outer surface. Any pipe found unsuitable after

inspection before laying shall be rejected.

' 6.4.2.4 Lowering Of Pipes And Fittings

All pipes, fittings, valves and hydrants shall be carefully lowered into the trench by means

of derrick, ropes or other suitable tools and equipment to prevent damage to pipe materials

and protective coatings and linings. Pipes over 300mm dia shall be handled and lowered into
trenches with the help of chain pulley blocks.

6-4-2-5 Cleaning Of Pipes And Fil‘ﬁngs

All lumps, blisters and excess coating material shall be removed from socket and spigot
end of each pipe and outside of the spigot and inside of the socket shall be wire-brushed and

. wiped clean and dry and free from oil and grease before the pipe is laid.

After placing a length of pipe in the trench, the spigot end shall be centered in the socket

§ and the pipe forced home and aligned to gradient. The pipe shall be secured in place with
i approved back fill material packed on both sides except at socket.

The socket end should face the upstream while laying the pipeline on level ground; when

. the pipeline runs uphill, the socket ends should face the up gradient. When the pipes run
 beneath the heavy loads, suitable size of casing pipes or culverts may be provided to protect
fthe casing of pipe. High pressure mains need anchorage at dead ends and bends as
fappreciable thrust occurs which tend to cause draw and even "blow out” joints. Where thrust
.is appreciable concrete blocks should be installed at all points where movement may occur.

chorages are necessary to resist the tendency of the pipes to pull apart at bends or other

gpoints of unbalanced pressure, or when they are laid on steep gradients and the resistance of
their joints to longitudinal or shear stresses is either exceeded or inadequate. They are also
ased to restrain or direct the expansion and contraction of rigidly joined pipes under the

influence of temperature changes. Anchor or thrust blocks shall be designed in accordance

bvith 1.S. 5330-1984.
6.4.3 JOINTS

Several types of joints such as rubber gasket joint known as Tyton joint, mechanical joint

known as Screw Gland joint, and conventional joint known as Lead joint are used.

p.4.3.1 Categories Of Joints

Joints are classified into the following three categorics depending upon their capacity for
povement.

®) Rigid joints

; Rigid joints are those which admit no movement at all and comprse of flanged, welded

ind turned and bored joints. Flanged joints require perfect alignment and close fittings are



1. “h as - Vilveg
_ff‘cqucm;\ used where a longatudinal thrust must be [-.:.h_:_n \iurillsd .:_:blrl:-b:_':l\tz& an Mey,
Lhe gaskers used between flanges of pipes shall be ot L”[T]{\f 3 T [h‘.r O Nagy,,
svithetic rubber Welded jomis pmducc a4 conunuous Inlu ',. n[:i \,k-.ll)»,c., um:-[l:l..d\‘antageﬂ,:
mtenor and extenor coatings can be made properly and are sCy 3 d'ISl'UPIEd
the movement of JOMLS. ‘

(L) Semi Rigid joints

Semi ngad joint is represented by the spigot and 5(3(.:1.:(.‘(‘ “’t_: :;Itg(j 1:;?h]0‘m' A song
rigid joint allows partial movement due to vibraton €tc. The 5”"h" L7 TC Pipe shy
be kept against the flow of water and the spigot end 0_f thc_ e PIPI: '5_ inserted ingg
socket. A nwisted spun yam is filled into this gap and it is adjusted by the yaming toq]
then caulked well. A rope is then placed at the outer end mpope us:
by applying wet clay, leaving two holes for the escape GEE GNP ?lr IFI:ISl T
taken out and molten lead is poured into the annular space by means of a funnel. The clay
then removed and the lead is caulked with a caulking tool. Le‘_'d wool may be used in
conditions. Lead covered yarn is of great use in fepait work, since the leaded yam cq
into place will keep back water under very low pressure while the joint 15 being made.

(¢) Flexible joints

Flexible joints are used where rigidity is undesirable such as with filling of granyl

medium and when two sections cannot be welded. They comprise rn.ainly mechanical g4
rubber ring joints or tyton joints which permit some degree of deflection at each joint g

are therefore able to stand vibration and movement. In rubber jointing special type of rubk ,

gaskets are used to connect cast iron pipe which are cast with a special type of spigot
socket in the groove, the spigot end being lubricated with grease and slipped into the sock
by means of a jack used on the other end. The working conditions of absence of lig
presence of water and relatively cool uniform temperature are all conducive to f

preservation of rubber and consequently this type of joint is expected to last as long as
pipes. Hence, rubber jointing is to be preferred to lead jointing.

6.4.4 TESTING OF THE PIPELINE
6.4.4.1 General

After laying and jointing, t_he pipeline must be pressure tested to ensure that pipes
joints are sound enough to withstand the maximum pressure likely to be developed u
working conditions.

6.4.4.2 Testing Of Pressure Pipes

The field test pressure to be imposed should be not less than the . um of
follov ng:

(@ 1 1/2 times the maximum sustained operating pressure.
(b) 1 1/2 dmes the maximum pipeline static pressure.

of the socket and is made tigh |

. secton, an allowance should be made for the difference in static head bers cen the I

(€ Sum of the maximum sustamed operating pressure and the masmimumr suroe
pressure.
(d) Sum of the maximum pipchine static pressure and the maximom urge pres ure

subject to a maximum cqual to the work test preosure

feor any mipe firing-
incorporated.

The ficld test pressure should wherever possible be not less than 2/73 vl st nre
appropnate to the class of pipe except in the case of spun iron pipes and <held L oappine
and maintained for atleast four hours. If the visual inspection satisfics thar theee o n

lcakage, the test can be passed.

Where the field test pressure is less than 2/3 the work test prossure, the pened of re
should be increased to atleast 24 hours. The test pressure shall be gradually rared at the rar
of 1 kg/cm?/min. If the pressure measurements are not made at the lowest roant e
point and the point of measurement to ensure that the maximum pressurc 1s not exceeded o

the lowest point. If a drop in pressure occurs, the quantity of watcr added in order t.
re-establish the test pressure should be carefully measured. This should not exceed 1.1 lirre

; per mm of pipe diameter per KM of pipeline per day for each 30U metre head of pressurc

applied.
In case of gravity pipes, maximum working pressure shall be 2/3 work test pressure

The hydrostatic test pressure at works and at field after installarion and the w rhirn.
pressure for different classes of pipes are given in Appendix. 6.4.

The allowable leakage during the maintenance stage of pipes carcfully laid and well te-ted

- during construction, however should not exceed;

;- NDJP
115

(6.11:

Where,

gL = Allowable leakage in cm®/hour

N = No of joints in the length of pipe line

D Diameter in mm

P = The average test pressure during the leakage test in kg/cm’
where any

test of pipe laid indicates leakage greater than that specified as per the above

- formula, the defective pipe(s) or joint(s) shall be repaired/replaced unul the leakage 1 within
the specified allowance.

The above is applicable to spigot and socket Cast lron pipes and A.C. pressure papes,

whereas, twice this figure may be taken for steel and prestressed concrete pipes
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fter weld; S
at . ing. Steel pi
its be subject tO a test g b . oo or by welding but lead or other filjer 101nts, hot or ;:0;;33 ::: ynb: 'omemdmw“hde?i"'lf?t:e
Of Non-Pressure Cond® the pipelin€ ® ﬁl ¢ test for 10 minuteg T:: Welded joint is to be preferred. In areas Prone to subsidence this lf:n:clcso"mftc!m? but
i = . e g e . - L - . ;
6.4.4.3 Testing f non-pressure condultﬁ(;f (e section Sf';npressure durmgctlhe Petiodof flexible joints must be provided to isolate valves and branches.
s f testing of non-press oint O 7. e te er day. : is ad -
> SIr:cCt:‘: gcaj nf!\:\ratcr at the h'ghcs;icpd to ma,qtal“ er kilometer ]engf-h e 7 When weld“s‘goifs f;:llf:)tpt\lcfgl‘dplm[;1 Cndeq P'Pes may be jointed by burt welds or sleeved
Eaka{:’: or quantity of water 1O be sur/)pml"ﬂ dia of pP° P ipes-by membc mployed 'I{h - |ay|qg long straight lengths of pipchines, butt joint
10 munutes shall not exceed 0.2 litres ;| technique may - cmployed. € steel pipes used for water supply include hydraulic lap
3|> welded, electric fusion wel'ded, submerged arc welded and spiral welded pipes The latter are
6.5 STEEL PIPES B fhod Boses 4. peing made from steel strip. For laying of welded steel Pipe 1.S. 5822.1986 may be referred
:d bar sectio .
.5.1 GENERAL solid to.
651 - can be made fmem]ess. But the !arger Stees are i ore details on different
Steel pipes of smaller diameter eferred to a5 sea ockets being formed later n, For m types of steel pPipes used, reference may be made to the ISI
: ) bes are T

es
drawing processes and these tu . th

itably € ..d by the need to make the mu ' codes indicated in Appendix 'C',
by welding together the edges of suitably e ontrolied by

is often ion and laying as also g | For hydraulic testing of steel pipel; th -d ¥
; S teel used 1s O ortation . \ or hiyat : pipelines, the procedure described for cast iron spun pipes
press(1S:3589). The th_xcknpssul O£ Z;:pe during Storage, tralr(lsgning- The thickness of a stq" and ductile iron pipes may be followed.
s fmnaugl ic keepﬂ'ts o ader the load of trench bac of the corresponding verti !
" ccessive d tion un ickness . .
prev e:th::Zi?;: e;,]\‘vea),ve_c,ccorlside:mbly less than the thickne the steel, it is possible to
plpe 1S Y

; ile strength of : -
cast or spun iron pipe. Owing to the higher tenf:ie ;tf ngciajs of all l-undS can be .fab
steel pipe of lower wall thickness and 1owe;c;:tiog:-;s. Due to their elasticity, steel pipes

¢ - . ‘ ile Iron is made b i
without difficulty to suit the different site co hence are very suitable fpet ~ Ductile Iro ¢ by a metallurgical

; ) process which involves the addition of magnesium
hemsel to changes in relative ground level without fadutedabnd . ible joing, § : . T £l sulfisr. contens. . esi TS e it hiicm A e
themselves joine Yy orm of flexi ot
s are JO1

- 2 idence. If the pipe . : . recipitate in the form of microscopic ( 6.25 micron ) spheres rather than the flakes found
h—‘""}%‘" 4 O::cﬂt:;a:: St:fe;b:rfé;gajnst fai.luti. Steel pipes being flexible are best smted% g:ordinary cast iron. The spheroidal graphite in iron imgrovcs the properties of ductle iron
Em;, ld‘c.,i;:ic loading. | It possesses properties of high mechanical strength, excellent tmpact resistance and good
'8h ' % casting qualities of grey cast iron. Ductile iron pipes are normally prepared using the
6.5.2 PROTECTION AGAINST CORROSION ‘ centrifugal cast process. The ductile iron pipes are usually provided with cement morar
, lining at the factory by centrifugal process to ensure a uniform thickness through out s
length. Cement mortar lining is superior to bituminous lining as the former provides a
smooth surface and prevents tuberculation by creating a high pH at the pipe wall and
ultimately by providing a physical and chemical barrier to the water
The Indian standard IS 8329-1994 provides specifications for the centnfugally cast ductle
iron pipes(Similar to 1S0:2531-1998 and EN:545-1994). These pipes are avadable n the
range of 80 mm to 1000 mm diameter; in lengths of 55 to 6 m
manufactured in the country with ISO 9002 accreditation.

. m 6.6 DUCTILE IRON PIPES
6.6.1 GENERAL

-~

It must be borne in mind, however, that steel mains need pr(?tection frorp co
internally and externally. Against internal corrosion, stegl pipes are given epoxy lu'nnggt
applied coal tar/asphalt lining or rich cement mortar lining at works or in t.he field by
centrifugal process. The outer coating for under ground pipeline may be in cement-
gumniting or hot applied coal-tar asphaltic enamel reinforced with fibreglass fabric yam.

6.5.3 LAYING AND JOINTING

. These pipes are being
s with one socket. They are lo

down in the trenches and laid to alignment and gradient. The jointing materials for this

of pipes are white lead and spun yarn. ‘The white lead is applied on the threaded end
spun yarn and inscrted into socket of anoth

er T S <

When these pipes are used in the constny Lt [tl:ebepl?veel;s th]:n m"]:ed :10;%2@‘
positioning without any jointing material ar and lo e . and
coatng 1s done by different methods o Protect steel pipes :Ver.ed dq\Vn_ Lm‘n_g
stocked along the trenches are lowered down into the tp .PC.\. Vhl.le laying, the p1pes
block. The formation of bed should be uniform. "I'he renches \Ylth the help Of.Cha-m P
gradient before jomung. The ends of these Pipc:\; arc&br:zgc‘znre l'ald true to the ahg?‘;ngﬂ:n

against each other, welde .

Ductile iron pipes have excellent properties of machinability, impact resistance, high wear
and tear resistance, high tensile strength, ductility and corrosion resistance 1)1 pipes having
$ame composition of CI pipe, it will have same expected life as that of O] Prpes  The ducnle
I1on pipes are strong, both inner and outer surfaces are smooth, free from lumps, cracks
blisters and scars. Ductile Iron pipes stand up to hydraulic pressure tests as reguired by

$etvice regulations. These pipes are approximately 30%u hghter than convennonal «ast iron
Pipes.

¢ welded
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the factory by centrifugal Proce,

tar 1in i s
mor ¢ details € ference may be Mag, (anq
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DUC . : ment
tile tron pipes are lined with ce For mor

unlined ductile iron pipes are also available.
83290 _ 1994 for Ductile Iron Pipes.

6.6.2 DUCTILE IRON FITTINGS

_Thc ductile iron fittings are manufacture
fittings.

d aforming O IS 9523-1980 for DUCtilel
co 1

6.6.3 JoiNnTS

The joints for ductile iron pipes are suitable for U
5383.

6.6.4 LAYING AND JOINTING
Reference may be made to para 6.4.2

6.6.5 TESTING OF DUCTILE IRON PIPELINES _ T
as per para 6.4.4 (testing of .the pipeling) Thy

se of rubber gaskets COﬂfUr‘ming oy

(laying and jointing of cast iron pipes).

The Ductile Iron pipelines are tested
pressures shall be as per IS 8329 - 1994

6.7 ASBESTOS CEMENT PIPES
6.7.1 GENERAL

: nd cement com
Asbestos cement pipes are made of a mixture of asbestos paste a Presseq

by steel rollers to form a laminated mate}:‘l";::l gfs tglr:i?jt ;:if;gef;:hdj:gfiﬁzsgzﬂ:t;schawam
i 1 1 tas w >  wate
;:: fc’:‘?gergfé’ua;zs;zbignp‘;;"}'octo;sr“:cdng but does not h.ave the sam:V ::)t::engatsh g:n SeUltabﬂ iy
for threading as iron and any leakage at the threa'd‘ will l;ecorlne it ma“eabia%su
However, this difficulty can be over come by screwing the eﬂ:.lal es racticeg jetnallcst s,mn
saddles fixed at the point of service connections as is the gene ptai e of.b Lne co!:t gﬁ s::
not suitable for use in sulphate soils. Due to expansion a.nd Tonktt?:c t(:on ol agsdsnivire,
usage of these pipes may be avoided as far as possible in B aij ] 2] . P
the depth of B.C. soil is cleatly less than 0.9 metre below ground level. | o
ssure and against failure in longitudind

ilabl fety against bursting under pres :
b 'g: a:llagzlg:.lf lz:sett}}x,an that for spun iron pipes, 1s nevertheless adequate .and'm.creasaa[
the:pip% ages. In most cases, good bedding of the pipes and the use of flexible joints are ol

eater importance in preventing failure by bending, tha.n the §uength of pipe itself. Flexibk
jgotints are used at regular intervals to provide for repairing of pipes, if necessary.

AC pipes are manufactured from classes 5 to 25 and nominal diameters of 80mm t

600mm with the test pressure of 5 to 25 Kg/cm®.

i i for rising map

meet the general requirements of water supply undertakings fo
a::;bution main. It is classified as class 5, 10, 15, 20 and 25, which have test
20 and 25 Kg/cm? respectively. Working pressures shall not be grea®
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AC pipe ¢
as well as dist
pressures s, 10, 15,

than 50% of test pressure for pumping mains and 67% for gravity mains.

For further details, refer to 1S 1592-1989
6.7.2 HANDLING
{

Utmost care must be taken while loading, transportation,

i 2 . unloading, stacking and
retransporting to the site to avoid damage to the pipcs.

" 6.7.2.1 Laying And Jointing

The width of the trench should be uniform throughout the length and greater than the
outside diameter of the pipe by 300mm on either side of the pipe. The depth of the trench s
usually kept 1 meter above the top of the pipe. For heavy traffic, a cover of atleast 1.25 meter
is provided on the top of the pipe.

The AC pipes to be laid are stacked along the trenches on the side or opposite to the
spoils. Each pipe should be examined for any defects such as cracks, chipped ends, crustung
of the sides etc. The defective pipes should be removed forthwith from the site as otherwise
they are likely fo be mixed up with the good pipes. Before use the inside of the pipes will
have to be cleaned. The lighter pipes weighing less than 80Kg can be lowered in the trench
by hand. If the sides of the trench slope too much, ropes must be used. The pipes of
medium weight upto 200Kg are lowered by means of ropes looped around both the ends.
One end of the rope is fastened to a wooden or stecl stack driven into the ground and the
other end of the rope is held by men and is slowly released to lower the pipe into the trench.
After their being lowered into the trench they are aligned for jointing. The bed of the trench
should be uniform.

6.7.3 PIPE JOINTS
There are two types of joints for AC pipes.
¢ Cast iron detachable joint, (CID)and

4 AC coupling joint.
(a) Cast Iron Detachable Joints

This consists of two cast iron flanges, a cast iron central collar and two rubber rings along
with a set of nuts and bolts for the particular joint. For this joint, the AC pipes should have
flush ends. For jointing a flange, a rubber ring and a collar are slipped to the first pipe in that
order; a flange and a rubber ring being introduced from the jointing of the next pipe. Both
the pipes are now aligned and the collar centralized and the joints of the flanges tightened
with nuts and bolts.

(b) A.C. Coupling Joint

This consists of an A.C. Coupling and three special rubber rings. The pipes for these
joints have chamfered ends. These rubber rings are positioned in the grooves inside the
coupling, then grease is applied on the chamfered end and the pipe and coupling is pushed



e is then placed in the oy :
f the p1P© [;Srcd ends close to each othe!
Chng‘l ipes Of vice-versa Sh()uldeb:
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; . e, T'he mout

with the help of a jack against the p1pc lu) bring the N_ﬂio

the coupling cnd and then pushed 50 35 € 3 Z ) (972 may be
erever necessary, change over from s. 6530 - 1
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pipes.

6.7.4 PRESSURE TESTING

o follows:
The procedure for the test as adopted 15 23

. i
. awo sluice valves 1s taken up o,
ree

ipeline betw long.
: . f the pxpehnc 500 meters .
(@) Ar a time one se_:ctlon o ken is about _ ) v i i
restng Hhe secton usrajl):itind the water 1S admitted 1nto PP ugh the
One of the valves is close : : ‘
= Ot:ef manipulating air valves goientil tion, the end of the section cap Be
, ice valves in between thesset utlet which can serve as z, % ¢
(If there are no sluice valv end cap having an o d. The pipeline after it is ﬁlled, t
scaled temporarily ‘Y’th e fine as may be requiret - re testing).
ehicfvent oc for ON0E th; flr 24 hours before pressu . b
should be allowed to stand fo d the pipe section is isolated.
(©) After filling, the sluice valve is dosed_aﬂ als on the crown into the holes megq, |
(d) Pressure gauges are fitted at suitable interv
for the purpose. dee delivesydderofs pump theough ; |
(e) The pipe section is then connected to
el valve il the pressure inside reaches the designed valye
() The pump is then operated till the p ed
: .ssure gauges fixed.
which can be read from the press ga )
b attained, the valve is closed and the pump
(g) After the required pressure has been »
1 ted. _ .
Sconnec desired pressure during inspection for any |
(h) The pipe is then kept under the des P

ioi vill be generally 3
ie. leakages at the joints etc. The test pressures v :
‘s:l;:‘ca;:tf;eé ein c;.7.lgeand Appendix 6.4. The water will then be emptied through

scour valves and defects observed in the test will be rectified.

6.8 CONCRETE PIPES

6.8.1 GENERAL

Reinforced concrete pipes used in water supplies are classified as P1, P2 ana P3 with test
pressures of 2.0, 4.0, and 6.0 Kg/cm?® respectively. For use as gravity mains, the working
pressure should not exceed 2/3 of the test pressure. For use as pumping mains, the working
pressure should not exceed half of the test pressure.

Generally concrete pipes have corrosion resistant properties similar to those of
prestressed concrete pipes although they have their own features which significantly affect

1172

widely used to replace reinforced concrete pipes.

6.8.2 LAYING AND JOINTING

Laying of pipes shall proceed upgrade of a slope. If the pipes have spigot and socket

1
joints the socket ends shall face upstream, The pipes shall be joined in such a way to provide
as little unevenness as : a

dia for larger than 300mm.

The pipe shall be laid in the concrete bedding before the concrete has set.

Trenches shall be back filled immediately after the pipe has been laid to a depth of
300mm above the pipe subject to the condition that the jointing material has hardened (say
12 hours at the most). The backfill material shall be free from boulders, roots of trees etc.

the optimum moisture content as possible. Filling of
trench shall be carried on simultancously on both sides of the pipe to avoid development of

unequal pressures. The back fill shall be rammed in 150mm layers upto 900mm above the
top of the pipe.

Joints may be of any of the following types

() Bandage joint

(i)  Spigot and socket joint (rigid and semi-flexible)
(i) Collar joint (rigid and semi-flexible)

(iv) Flush joint. (internal and external)

For more details of jointing procedure, reference may be made to 1.S. 783-1985.

In all pressure pipelines, the recesses at the ends of the pipe shall be filled with jute
braiding dipped in hot bitumen. The quantity of jute and bitumen in the ring shall be just
sufficient to fill the recess in the pipe when pressed hard by jacking or any other suitable
method.
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:n the form O . §
sand just sufficiently moistened to hold together 10 divsicult to drive the point of

) : | be . . . 2
the hand. The caulking shall be so firm that 1t Sha;oth the ends in 2 slope Of'l.l. In the
penknife into it. The caulking shall be employcd 2k £ the pipes shall be filled with Cemen,
case of non-pressure pipes the recess at the cr.jd ° It shall be kept wet for 10 days for
mortar 1: 2 instead of jute braiding soaked in bitumen.

maturing.

6.8.3 PRESSURE TEST i
s d completely with
When testing the pipeline hydraulically, the line shall be l.‘(;E:ltl I:i‘lsi ptessftc asyindicat\::t'et
for a week. The pressure shall then be increased gradually tfOd f test with the Pe!'l'flissit:ln
6.4.4.2. and maintained at this pressure during the period O de to L.S. 458-1971 -
allowance indicated therein. For further details, reference may be ma :

6.9 PRESTRESSED CONCRETE PIPES
6.9.1 GENERAL

2

While RCC pipes can cater to the needs where pressures are upto 6.0 k,_,g/i;;n ’Il)nd CI ang
steel pipes cater to the needs of higher pressures around 24 kg/cm’, the J;Sttessed
Concrete (PSC) pipes cater to intermediate pressure range, while RCC pipes wo not be
suitable.

The strength of a PSC pipe is achieved by helically binding high te_nsxle steel wire l{nder
tension around a concrete core thereby putting the core into compression. When the pipe is
pressurized the stresses induced relieve the compressive stress but they are not sufficient to
subject the core to tensile stresses. The prestressing wire is protected against corrosion by a
surround of cementatious cover coat giving atleast 25mm thick cover.

The PSC pipes are suited for water supply mains where pressures in the range of 6 |

kg/ cm? to 20 kg/ cm? are encountered.

Two types of P.S.C. pipes are in use today:

(1) Cylinder type: Consists of a concrete lined steel cylinder with steel joint rings

welded to its ends wrapped with a helix of highly stressed wire and coated with
dense cement mortar or concrete.

Recommended specifications for above pipe are covered b
codes IS: 784- 1978 AWWA C-301 EN-639 and EN-642.

() Steel Cylinder Prestressed Concrete Pi

Confirming to AWWA C-301 and in Europe EN - 642.

y Indian and foreign

pes are used in America and Europe ;

. ) ! the following

construction : (1) a steel cylinder lined with a concrctcmcircm::: (g’)c:c:iclri?ﬁ;d::
with 2 full le . [ of construction, manufacruring be ns
e is hydrr;%::u'\z:]l]dcfei:ezl cylinder. Joint rings are attached to cach endkandg:hc
sty thickmees O);_o Sted -to cnsure \vatcr-t-xghtncss. A concrete core with a
centeifiigal Brooras l-a(ﬁr::lC-smtccnthA times the pipe QIamctcr 1s placed either by the
k. ESS, X2 compact:on., or _by vertical castung. After the core 1s

s pipe is helically wrapped with high strength, hard drawn wire usin

stress of 75 percent of the minimum : s

specified tensile strength. The wrapping srress
ra'nges‘between 150,000 and 189,000 psi (1034 and 1303 Mpa)depending on the
\V“Z size and c!ass. The wire spacing is accurately controlled to produce a
predetermined residual compression in the concrete core. The wire 1s embedded in

a thick cement slurry and coated with a dense mortar that 1s rich in cement
content.

e. In either type

Size Range : AWWA C-301 covers prestressed concrete cylinder pipe 16 1n.

'(41'0 mm) in inside diameter and larger. Lined cylinder pipe is commonly available
m inside diameters ranging from 16 to 48 in. (410 to 1,220 mm). Sizes upto 60 in.
are available from some manufacturers. Embedded cylinder pipe has becen
manufactured larger than 250 in. (6,350 mm) in diameter and is commonly
available in inside diameters of 48 in. (1,220 mm) and larger. Lengths are generally
16 - 24 ft (4.9-7.3 m), although longer units can be furnished.

The technology for manufacture of these pipes is now available with some of the
Indian manufacturers.

(i1) Non cylinder type : Consists of a concrete core which is pre-compressed both in
longitudinal and circumferential directions by a highly stressed wire. The wire
wrapping is protected by a coat of cement mortar or concrete.

Physical behaviour of PSC pipes under internal and external load is supenor to RCC
pipes. The PSC pipe wall is always in a state of compression which is the most favourable
factor for impermeability. These pipes can resist high external loads. The protective cover of
cement and mortar which covers the tensioned wire wrapping by its ability to create apd
maintain alkaline environment around the steel inhibits corrosion. PSC pipes are jointed with

flexible rubber rings.

The deflection possible during laying of m'flin is relativel? small a_nq the pipes cannot be
cut to size to close gaps in the pipeline. Special closure units (consisting of a short double
spigot piece and 2 plain ended concrete Iincd‘ steel tube w‘.th a.fc.)llower-nng assc:nblcd at
each end) are manufactured for this purpose. The closure unit (minimum length 1.27m) must

be ordered specially to the exact length.

ends, bevel pipes, flanged tees, tapers and adapters to flange the

Specials such as > fabricated as mild steel fittings lined and coated with concrete.

couplings are generally
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5 r1'Tr11:ji‘rf.llpsluit:e valves or blank tli?nches

nd thenrj::;s I;O the installed pipeline by emge
this 1s 2 costly item.

pipeline ¢ %

S oy

Vg

It is worth while when designing the
are likely to be required in the future 2
these branches. It is possible to make co_ﬂﬂec
breaking out and using a special closure unit but
6.9.2 LAYING AND JOINTING the joints being made by the
to suit the rubber ring joint. Dhe 1‘_ubb_e, E::
der all normal conditions of service ingy, d&
tlement. The quality of rubber used g, E‘S

low petmanent set. Refer to IS 78

: i joints,
PSC pressure pipes are provided with flexible joit

rubber gasket. They have socket spigot ends
is intended to keep the joint water tight un
expansion, contraction and normal earth se
gasket should be waterproof, flexible and should have 2
-1978, for laying of PSC pipes.

6.9.3 PRESSURE TESTING

Testing of PSC pipe is the same as given in the para 6.4.4.2.

However the quantity of water added in order to re—establzi:hhtheﬁtestrp:;gislu}:;:asdh?uld not
exceed 3 litres (instead of 0.1 litres) per mm dia, per km per onis pe Ot non.
absorbent pipes as per the IS 783 (para 15.5.3 pages 28 & 29).

6.9.4 BAR WRAPPED STEEL CYLINDER CONCRETE PRESSURE PIPES

6.9.4.1 General

Bar Wrapped Steel Cylinder Concrete Pressure Pipes (confirming to AWWA C 303 and
ENG39 & EN 641) are reported to be manufactured in India. No Indian Stan‘dard is
presently available for these pipes. Bar Wrapped Steel Cylu_':der Conf:rcte Pressure Pipes are
available in diameters of 250 mm to 1500 mm and higher diameter pipes can be designed for
working pressures upto 25 kgs per sq. cm.. Standard lengths are generally 5 .o 6m. Longer
length pipes can also be custom made.

6.9.4.2 Manufacture

Manufacture of Bar Wrapped Steel Cylinder Concrete Pressure Pipes begins with
fabrication of a thin steel pipe cylinder. Thicker stecl joint rings are welded at both ends.
Each pipe is hydrostatically tested. A cement mortar lining is placed by ce::n_tnﬁz_gal process
inside the cylinder. The lining varies from 12mm to 25 mm. After the lining 1s cured by
steam or water, mild steel rod is wrapped on the cylinder using moderate tension in ﬂ_"lf bar.
The wrapping is to be done under controlled tension ensuring intimate contact with the
cylinder. The cylinder and bar wrapping are covered with a cement slurry and a dense mortat
coating that is rich in cement. The coating is cured by steam or water.

6.9.4.3 Joints

The standard joint consists of steel joint rings and a continuous solid rubber rit_‘lg g”ker;
The field joint can be over lapping/sliding, butt welded or with confined mbbl‘.'lt nng as PE’.S
the clients requirement. In the case of welded & rubber joints, the exterior joint recess
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normﬁﬂ}’ gfouted and the
des

AWWA C-303 provi : -

] both elastomeric seali i g ting (rubber joint), and EN 641
P;o\ndes > : ) ng nng and steel end o 51
present the pipes available in India use steel end r{ng:wc;n;c%s a\:;;l::ed SepEbRrT E X

6.10 PLASTIC PIPES
6.10.1 GENERAL

Plastic pipes are produced by extrusion
maintenance of accurate internal diameter with
come in lengths of 6 meters. A wide ran
elbows, reducers, caps, pipe saddles,
200mm are available.

6.10.2 PVC PIPES
The chief advantages of PVC pipes are

process followed by calibration to ensure
smooth internal bores. These pipes generally
range of injection moulded fittings, including tees,
mserts and threaded adapters for pipe sizes upto

Resistance to corrosion
Light weight
Toughness

Rigidity

Economical in laying, jointing and maintenance

*® ¢ » 6 & o

Ease of fabrication

The PVC pipes are much lighter than conventional pipe materials. Because of their
lightweight, PVC pipes are easy to handle, transport, and install. Solvent cementing technique
for jointing PVC pipe lengths is cheaper, more efficient and far simpler. PVC pipes do not
become pitted or tuberculated and are unaffected by fungi and bacteria and are resistant to a
wide range of chemicals. They are immune to galvanic and electrolytic attack, a problem
frequently encountered in metal pipes, especially when burried in corrosive soils or near
brackish waters. PVC pipes have elastic properties and their resistance to deformation
resulting from earth movements is superior compared to conventional pipe materials
specially AC. Thermal conductivity of PVC is very low compared to metals. Consequently
water transported in these pipes remain at a more uniform temperature.

Rigid PVC pipes weigh only 1 /5" of conventional steel pipés of comparable sizes. PVC
pipes are available in sizes of outer dia, 20, 25, 32, 50, 63, 75, 90, 110, 140, 160, 250, 290, and
315mm at working pressures of 2,5,4,6, 10 Kg/cm® as per IS 4985 - 1988.

Since deterioration and decomposition of plastics are accelerated by ultraviolet light and
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for the PVC pipes to be tht%
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This should be dlscouhge e cease a ™

nt damage to the pipes. g t
preve uld be given adequate support ,,

and ultimately ends with brittlenes

6.10.3 PRECAUTIONS IN HANDLIN

tendency
Because of their lightweight, there may be 2

much more than their metal counterparts.
should be taken in handling and storage t©

should pipes be dragged along the gr ound. s, specially

" under warm tempetatu
3 re . ‘ € . . ' T
times. These pipes should not be stacked 1n lal'iee;’ thus giving fise tO difficulty i pi ¢

the field, where racks. are not provided, iy
m loose stones- Pipes stored thus shoug
as to prevent movement It is alsy
¢ is advisable to follow the Practice,

Pipes sho

conditions, as the bottom pipes may be dis.to
alignment and jointing. For temporary storage in
should be taken that the ground is level, and free fro
not exceed three layers and should be so stacked
recommended not to store one pipe inside another. I
mentioned as per IS 7634 — Part L.

6.10.4 LAYING AND JOINTING PROCEDURE
6.10.4.1 Trench Preparation

ot ttom where it j
The trench bed must be free from any rock projections. The trench bo €re 1t i

rocky and uneven a layer of sand or alluvial earth equal to 1/3 dia of pipe or 100mm

whichever is less should be provided under the pipes.

The trench bottom should be carefully examined for the presence of hard objects such as
flints, rock, projections or tree roots. In uniform, relatively soft fine grained soils found to be
free of such objects and where the trench bottom can readily be brought to an even finish
providing a uniform support for the pipes over their lengths, the pipes may normally be laid
directly on the trench bottom. In other cases, the trench should be cut correspondingly
deeper and the pipes laid on a prepared under-bedding, which may be drawn from the
excavated material if suitable.

6.10.4.2 Laying And Jointing

As a rule, trenching should not be carried out too far ahead of pipe laying. The wrench
should be as narrow as practicable. This may be kept from 0.30m over the outside diameter
of pipe and depth may be kept at 0.60 -1.0m depending upon traffic conditions. Pipe lengths
are placed end to end along the trench. The glued spigot and socket jointing technique as
mentioned later is adopted. The jointed lengths are then lowered in the trench and when
sufficient length has been laid, the trench is filled.

If trucks, lorries, or other hea
of suitable thickness and re;j
gistribute the load. If the pipeline ] d be laid about 2m above the pipe 10

bed level to protect the pipe.

For bending, the cleaned pipe is filleq with sand
stick and pipe ends plugged. The Pipe section is r;u: e e ”h i

i)  Solvent cement
1)  Rubber ring joint
i) Flanged joint

iv) Threaded joint

For further details on laying & jointing of PVC pipes, reference can be made to IS 4985
— 1988, IS 7634 — Part 1-3.

Socket and spigot joint is usually preferred for all PVC pipes upto 150mm in dia. The
socket length should at least be one and half times the outer dia for sizes upto 100mm dia
and equal to the outer dia for larger sizes.

For pipe installation, solvent gluing is preferable to welding. The glued spigot socket
connection has greater strength than can ever be achieved by welding. The surfaces to be
glued are thoroughly scoured with dry cloth and preferably chamfered to 30° If the pipes
have become heavily contaminated by grease or oil, methylene cement is applied with a
brush evenly to the outside surface of the spigot on one pipe and to the inside of the socket
on the other. The spigot is then inserted immediately in the socket upto the shoulder and
thereafter a quarter (90° turn is given to evenly distribute the cement over the treated
surface. The excess cement which is pushed out of the socket must be removed at once with
a clean cloth. Jointing must be carried out in minimum possible time, time of making
complete joint not being more than one minute. Joints should not be disturbed for at least 5
minutes. Half strength is attained in 30 minutes and full in 24 hours. Gluing should be
avoided in rainy or foggy weather, as the colour of glue will turn cloudy and milky as a result
of water contamination.

6.10.4.3 Pre-Fabricated Connections

In laying, long lengths of pipe, prefabricated double socketed connections are frequently
used to join successive pipe lengths of either the same or one size different. The socket in
this case must be formed over a steel mandrel. A short length of pipe is flared at both ends
and used as the socket connection. The mandrel used is sized such that the internal dia of the
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. By proper si,:

) be connected Y PTOPEr sizjy,

. the spigot O =% ansion) of . 8 of
ot E achigve reduction (of expansion) of pipe e 1:12:

flared socket matches l‘-hf—'_ oute ble to
two ends of 2 connector, it is possibi€

the connector.
6.10.4.4 Standard Threaded Connections the ¢
r the
Normally PVC pipes should not be threaded. f;‘:} tube

pipes, a picce of a special thick wall PVC con®® n%cans o
other end is connected to the normal PVC pipe by uld be care
Before installation, the condition of the threads sho
impurities.

~ Glue can be used for making joints leak proo 2 s
with metal pipe and fittings should not be used. Generally, 1t 15
SpPigot portion of the joint.

6.10.5 PRESSURE TESTING

The method which is commonly in use is filling the pipe with water, taking cage &
€vacuate any entrapped air and slowly raising the system to appropnate test pressure. Ty,
pressure testing may be followed as in 6.4.4.2.

After the specified test time has elapsed, usually one hour, a measured quantity of Water j,

onnections of PVC pipeg
threaded at one end is yge 4~

Fa- glued sp[gf)t aﬂd SOCke.t . ._nh

fully examined for Ctacks%*

and other materials generaly
S advisable to use Py(C 35[]:

pumped into the line to bring it to the original test pressure, if there has been loss 4|

Ptessure during the test. The pipe shall be judged to have passed the test satisfactorily if
;{usa;'!tlty of water required to restore the test pressure of 30m for 24 hours does not exceeq
-2 litres per 10 mm of nominal bore for a length of 1 Km.

6.11 POLYETHYLENE PIPES

Rigid PVC and high-densi i
| ty polycthylene pipes have been used for water distribut;
systems mostly ranging from 15 -150mm dia and occasionally upto 350mm e

Among the recent developments is the use of Hi

. _ h-Density P i
E:pcs are not bnt.tlc and as sx_lch a hard fall at the time %f loaditig mslyt;ﬁ?:c?ir:]e PltPeS- hese
oda.ny h];arm to it. HDPE pipes as per IS 4984 - 1987 can be joined with detg qehc_b:i'na:y not
and can be detached at the time of shifting the pipeline from one place to anoatt};e: ;hlomt;
. O'u.g

for all practical purposes HDPE pipes are rigid and tou i

and conform to the topography of land w%:en laid 01%:: z{)ﬁjﬁe."ﬂ‘c they are resilient
coilable, easily F)e bent in installation, eliminating the use of specials 1';:1 rrenches. They are
there by rgducms fitting and installation costs. HIDPE pipes are e L <€ bends, elbows etc,,
They are lighter in weight and can be carried to heights as on hj;sy o carty and install

movement of heavy traffic. This would not cause dam > They can withstand

age to th i
flexural strength. HDPE has excellent free flowing properties ";‘hilypehs because of their
; aVe non-adherent

su._uface whxch reject _(not attract) any foreign materials which would impede
ptpes are anti-corrosive, have smooth inner surface so that there is lessp fri !:he flow. HDPE
loss is comparatively less. Fi€tion and pressure

HDPE pipes can be jointed by welding.
For further details of PVC and HDOPE pipes refer to:

IS 7834 - 1975 Partsl-8
[S 8008 - 1976 Parts1-7
IS 7634 - 1975 Parts1-3

IS 3076 - 1985
IS 4984 - 1987

6.11.1 MEDIUM DENSITY POLYETHYLENE ( MDPE ) PIPES

The rpedxmn dens‘tY_POI)’ethylene Pipes (MDPE) ae now being manufactured in India
conforming to ISO specifications (ISO 4427 and BS 6730 - 1986) for carrying potable water.
However no BIS 1s available for these pipes. The MDPE pipes are being used for consumcr
connection pipes as an alternative to GI pipes. The Polyethylene material used for making
the MDPE pipes conforms to PE 80 grade and the MDPE pipes when used for conveying
potable water does not constitute toxic hazard and does not support any micrcbia! growth.
Further, it does not impart any taste, odour or colour to the water.

The Polyethylene material conforms to PE 80 grade. The MDPE pipes are colour coded
black with blue strips in sizes ranging from 20 mm to 110 mm dia for pressure class of
PN3.2, PN4, PNG, PN_IO and PN16. The maximum admissible working pressures arce
worked out for temperature of 20 degrees centigrade as per 1SO 4427. ‘T'he pipes arc
supplied in coils and minimum coil diameter is about 18 times diamecter of the pipe.

MDPE compression fittings made of PP, AABS, UPVC arc also available in India fcr usc
with MDPE pipes. The materals used for the fittings are also suitable for conveying potable
water like MDPE pipes. The jointing materials of fittings consists of thermoplastic resins of
Polyethylenc type, NBR ‘O’ ring of Nitrile and clamp of Polypropylene, copolymer body,
Zinc plated steel reinforcing ring, nuts and balls of special NBR gasket.

The MDPE pipes are lightweight, robust and non-corrodible and hence can be used as
alternative material for consumer connections. Since the pipes are supplicd in cods, there
will be no joints under the roads and bends are avoided resulting in fast, simplc and efficient
jointing.

6.12 GLASS FIBRE REINFORCED PLASTIC PIPES (G.R.P. PIPES)

Glass fibre Reinforced Plastic (GRP) pipes are now being manufactured in Indin
conforming to IS 12709. The diameter range is from 350 mm to 2400 mm. The pressur
class is 3,6,9,12 & 15 kgs/sq. cm. The field test pressures arc 4.5,9,13.5,18,22.5 kgs/sq cm.
The factory test pressures are 6,12,18,24& 30 kgs/sq cm. Depending on the type of
installation, overburden above the crown of the pipc and the soil conditions, lour types ot
stiffness class pipes are available. Standard lengths are 6 & 12 metres, however custom made
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6.13 STRENGTH OF PIPES

The stresses 10 2 pipe are normally induced by jnre

forces and change of.tempcrature, although by
e circumferential and longitudinal stre
in size or direction, or has a closed end.

- pressure, external loading, surge
s ; -
1onal stresses can also arise. Internal pressure

. - ) .
A pipe must withstand the highest internal pressure it is likely to be subjected, the general

ovisions for which have b : 5 : ¢ X :
gitscussed in 6.17. een discussed in section 6.4.4, while surging or water hammer s

Ex“:nf?:l l?ads geneq]]y anise from the weight of the pipe and its contents and that of the
trench ( g 1Iom supenmpomc‘j loads, including impact from traffic, from subsidence and
from wind loads in the case of pipes laid above ground. If a pipe is laid on good and uniform
continuous bed and tl’?e cover does not greatly exceed the normal, no special strengthening
to resist exte.rna.l loading is generally necessary. Loading likely to arise from subsidence is
best dealt with by the use of flexible joints and steel pipes. External loading becomes
important usually .when a line is laid on a foundation providing uneven support (e.g. across a
sewer, trench or in rock under deep cover) or is subjected to heavy superimposed surface
loads at less than normal cover. The necessity of stronger pipes can often be avoided by
careful bedding and trench filling to give additional support. The importance of good
bedding under and around the pipe upto at least the horzontal diameter cannot be
overemphasized and in some cases concreting may be required.

Excessive distortion of a steel pipe may cause failure of its protective coating but can be
limited by the use of strengthening rings. This problem is only likely to arise in very large
mains. Distortions at flexible joints can cause leakage.

When a pipeline has to be laid above ground over some obstruction, such as waterway or
railway, it may either be carried on a pipe-bridge or be supported on pillars. In the latter case,
the pipe ends must be properly designed to resist shear, if the full strength of the pipe as a
beam is to be realized. A small diameter pipe is usually thick enough to span short lengths
with its ends simply supported, but as diameter and lengths of span increase, the problem
becomes more complex and the ends must be supportgd in saddles or restrained by ning
girders. For pipes of more than 900mm in dia the nng glrdf:t mfzthqd will probably provide
the most economical design. Structural design of buried pipes is discussed in detail in the
companion volume "Manual on Sewerage and Sewage Treatment".

The temperature of the water in a transmission main varies during the year. If the water 1s
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6.13.1 STRUCTURAL REQUIREMENTS

! i forces sin ;
Structurally, closed conduits must resist a number of different gly or i
combination.

(@ Interna! pressure equal to the full head of water to which the conduit can be
subjected (see Appendix 6.4).

(b) Unbalanced pressures at bends, contractions, and closures which have been
discussed in 6.16. 18.

(© Water hammer or increased intemnal pressure caused by sudden reduction in the
velocity of the water; by the rapid closing of a gate or shut down of a pump, for
example, which has been discussed in 6.17.

(d Extemal loads in the from of backfill, traffic, and their own weight between
external supports (piers or hange

1s). A reference may be made to the Manual on
Sewerage and Sewage Treatment.

7 TEMPERATURE INDUCED EXPANSION AND CONTRACTION
613

. iati in tempecrature,
the conduits are not permitted to change length due to variations [;2]0\‘" P
Wh:ilnal stresses are created in the conduits, which is calculated as shown
longit¥

0) Change in pipe length with temperature
1

A=CO L @4

= c = coeffici i onduit per

Where ge i fficient of expansion of ¢ L

O hange in temperature and C (o] : el
Centigrade an is equal to 11.9 x 10°° for steel, 8.5 x 10 for Cast lron, an

Degree Lent d d al f for C d 10 0

for concrete, L = length ok pipe

6.13)
(ii) Resulting longitudinal stress, S = CO E

_ 0 N/m? for
:seline with fixed ends, and E = Young’s Modulus of Elasticity, 2,10,00
for pip

1 1.00,000 N /m? for cast irot,, and 1400 - 40,000 N/m? for concrete.
steel, 1,VY

=mn(d+t) t (6.14)
(iii) Resulting longitudinal force P =m (d+t) ts
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When the source is separated by 2 lo. lves the provision of a pressure pipeline 0"1;
conveyance of the water over the distance invo al outlay. The most economical mngemen;‘
free flow conduit entailing an apf[?'tecmlzlt‘;::f‘t |
for the conveyance is therefore of impo » ) !

The available fall from the source to the town ax}d the gtoud!:ids grzfcl:?d‘:d b;t:’::t Sbould.
generally help to decide if a free flow conduit is feasible. Once T — 0 eta of
the conduit is to be selected keeping in view the loca..l costs an e L = € terrain y,
be traversed. Even when a fall is available, 2 pumping or f"on-:e AR 1 ?pendently or i
combination with gravity main could also be considered. Optimization techrn.ques. need to b,
adopted to help decisions. The most economical size for the conveyance main will be based

©n a proper analysis of the following factors:

(@ The period of design considered or the period of loan repayment if it is greater -

than the design period for the project and the quantities to be conveyed during
different phases of such period.

(b) The different pipe sizes against different hydraulic slopes which can be
considered for the quantity to be conveyed.

(©) The different pipe materials which can be used for the Purpose and their relative
(d) The duty, capacity and installed

() The recurring costs on
(® Energy charges for runnin

: g the pum sets
(i) Staff for operation of the i ’

pPum

. PSets ingt.
an intermed; alled o

pumpsets are desxgned to serve a period of 15 years.

6.14.2 EVALUATION OF COMPARABLE FACTORS

Every alternative, when analyzed on the above lines, could be evaluated in terms of cost
figures on 2 common comparable basis by:

10) Capital cost of the most suitable pipe material as laid and jointed a.n_d ff‘iad)’ for
service, including cost of valves and fittings and all ancillaries to the pipeline.

@) (@ Capital cost, as installed, of the necessary pump sets corresponding to the

pipeline size in (i) above.

(b) The amount which should be invested at present such as would Yi_eld_“‘"th
compound interest, the amount necessary to replace the pumpsets in (1) (a)
at the end of their useful life with bigger pumpsets for once or often to
cater to the requirements during the design period or the loan repayment
period.

() Energy charges; if the pumpsets in (if) (a) are designed to serve for, say 15 years,
the daily pumpage will vary from the initial requirements to the intermediate
demand after 15 years. The energy charges will be based on the average of these
two daily pumpages, leading to an average annual expenditure on energy charges
on such basis.

The replacing of pumps under (i) (b) will, likewise, involve annual. recurring energy
charges for the average of the demands during the subsequent 15 years period for the project
design or the loan repayment period whichever is greater. |

The two annual recurring costs should be capitalized for inclusion as a part of the present
investment. For this purpose it is necessary to derive:

(@ The amount of the present investment which would yield an annuity for 15
years equal to the annual energy charges on the initial pump sets, and

() The amount of present investment which would commence to yield, over
the subsequent 15 years period, the annual energy charges for the replaced
pumpsets in (ii) (b),

(€ Apart from the energy charges, the other recurring annual charges
comprmsing the cost of operation and maintenance staff, ordinary repairs
and miscellaneous consumable stores.

The present investment which would yield an annuity equal to such annual recurring

charges throughout the design period, or loan repayment period (if it exceeds the former),
would represent the capitalized cost, for inclusion as part of the total investment now

required.
(iv) The addition of the present investment figures as worked out under ®, (), (a),
(1) (b), (i) and (iv) would represent the total capital investment called for in



6.16 APPURTENANCES

To isolate and drain pipe sections fo .
appurtenances or auxiliaries are generally 10

6.16.1 LINE VALVES
Main line valves are provided

r test, installation, cleaning and repairs, a N,
stalled in the line. ’

to stop and regulate the flow of water in the Cour,

ordinary operations and in an emergency- There are many types of Yal",e:l ]fOf U:l: 1n pipg

the choice of which depends on the duty. The spactng vates %nngp y With the tep,
traversed by the line. In urban areas with connections 11 fh? distribution Sy ste.m, main gip,
to sectionalise the line in order to maintain reasonable service. In larger lu?es 1sglaung Vil
are frequently installed at intervals of 1 to 5 Km. The.prmc:ple considerations in locatiop;
the valves are accessibility and proximity to special potnts such as l?ranChCS, stream crog

etc. The spacing of valves is a function of economics and operating probler.ns. Sections
the pipeline may have to be isolated to repair leaks. The volume of water which would hy

to be drained to waste would be a function of spacing of isolating valves.

These valves are usually placed at major summits of pressure conduits. Summuits ident
the sections of the line that can be drained by gravity, and pressures are least at these pom
permitting cheaper valves and easier operation. Gravity conduits are provided with valvesz
points strategic for the operation of supply points, at the two ends of sag pipes and whetev:

it is convenient to drain the given section.
Normally valves are sized slightly smaller than the pipe diameter and installed withi:

reducer on either side. In choosing the size; the cost of the valve should be weighed agans
the cost of head loss through it, although in certain circumstances it may be desirable tt '

maintain the full pipe bore (to prevent erosion or blockage).

It is sometimes advisable to install small diameter bypass valves around large diamet,
t

inline valves to equalize pressures across the gate and thus facilitate opening.

6.16.1.1 Sluice Valves

Sluice valves or gate valves are the normal .type of valves used for isolating or scouriy
They seal well under high pressures and when fully open, offer little resistance to fluid flo*
There are two types of spindles for raising the gate; a rising spindle which is attached to'd"
gate and does not rotate with the hand wheel, and a non rising spindle which s rotated 1’
screwed attachment 1n the gate. The rising spindle is easy to lubricate.

The gate may be parallel sided or wedge shaped. The wedge gate seals best, buf may &

13

y grit. For low pressure, resilient o

ainless steel seals are preferred. r gunmetal scaling faces may be used. For high

damaged b
Ptessutc, st

Sluice valv'i:‘;;fl!::; intended to be used for continuous throttling, as erosion of the seats
and body cavi y occur. If small flows are required the bypass, valve is more suitable

for this duty.

ite sluice valve's si g - . .
Despxr;?h slut € b-s s;_mpllclty and positive action, they are sometimes troublesome to
operate. They n 1 big force to unseat them against high unbalanced pressure and large
valves take many minutes to turn open or closed, for which power operated or manual
operated actuators are also used. Some of these problems can be over come by installing a
valve with a smaller bore than the pipeline diameter.

In special situations variations of sluice valves suited to the needs are used; needle valves
are p:eferr.ed for ﬁ.ne control of flow, butterfly valves for ease of operation and cone valves
for regulating the time of closure and controlling water hammer.

6.16.1.2 Butterfly Valves

Butterfly valvgs are used to regulate and stop the flow especially in large size conduits.
They are sometimes cheaper than sluice valves for larger sizes and occupy less space.
Butterfly valves with no sliding parts have the advantages of ease of operation, compact size,
reduced chamber or valve house and improved closing and retarding characteristics.

These would involve slightly higher head loss than sluice valves and also are not suitable
for continuous throttling. The sealing is sometimes not as effective as for sluice valves
especially at high pressures. They also offer a fairly high resistance to flow even in fully open
state, because the thickness of the disc obstructs the flow even when it is rotated to fully
open position. Butterfly valves as well as sluice valves are not suited for operation in partly
open positions as the gates and seatings would erode rapidly. Both types require high torques
to open them against high pressure, they often have geared hand wheels or power driven

actuators.

Butterfly Valves with loose sealing ring are sometimes not effective, especially at higher
pressures. Butterfly valves with fixed liner can overcome this shortcoming, further the
butterfly valves with fixed liner needs no frequent maintenance for replacement of sealing
ring as in the case of butterfly valves with loose sealing ring. The fixed liner design butterfly
valves are now available in India suitable for working pressures up to 16 kgs/sq cm.
Presently there is no IS for the fixed liner Butterfly valves.

6.16.1.3 Globe Valves

Globe valves have a circular seal connected axially to a vertical spindle and hand wheel.
The seating is a ring perpendicular to the pipe axis. The flow changes direction through 20°
twice thus resulting in high head losses. These valves are normally used in small bore pipe

work and as taps, although a variation is used as a control valve.



6.16.1.4 Needle And Cone Valves Juice and butterfly valves but ace wey
. than shut : 3 . lteq -
Needle valves are more ex?e;\:i’ihro ttling action as they close, w:ere.as s!ume Valye,
throttling flow. They have a gra : rance until ptacnca_lly shut an may suffer Cayyy, ¥
’ i fiow resis weights, springs, of
l;l;t;:rﬂy I:Iaelzglse c:r:ite:t:rl;y be used with counter balan::; dofmst’re:fm ﬁ the 2::
mamg:n constant pressure conditions either :’f;:;rzi::‘ at high flow velocitics. .n]ev;](sr v
maintain a constant flow. They are tes‘sm::go shaped cone into a seat. There is Gften :th'"
o i ors . . j
of sealng HELY RS0 ?—mal neegl:lancepthe heads before opening. Th‘. cone valy, %
nec.dl? which operates first to ling cone rotates away from the pipe axis instea; a
vanation of the needle valve but the sealing €aq ,;
being withdrawn axially.

at(}rs :‘

The necedle and cone valves are not commonly used in wat‘er su}[: %Zabll::‘ actunon
used as water hammer release valves when coupled to an electric or hy UHE actuator.

6.16.2 SCOUR VALVES

In pressure conduits, small gate off-take known as blow-off or scour valves are
at low points above line valves situated in the line on a slope such that each secty
line between valves can be emptied and drained completely. They discharge in
drainage channel or empty into a sump from which water can be pumped to waste.

Providy
on of ¢
{0 natuy

The exact location of scour valves is frequently influenced by opporturAxitics to dispose of
the water. Where a main crosses a stream or drainage structure, there will usually be 2 log

point in the line, but if the main goes under the stream or drain, it cannot be completsy
drained into the channel. In such a situation it is better to locate a scour connection at the

lowesi point that will drain by gravity and provide for pumping out the part below the drn
pipeline.

There should be no direct connection to sewers or polluted watercourses except throug
a specially designed trap chamber or pit. For safety, two blow off valves are placed in sens
The outlet into the channel should be above the h

igh water line. If the outlet must be belos
high water, a check valve must be placed tc prevent back flow.

- ' also to permit air to enter the pipcline when it is being
emptied. Additionally zir valyes have also to release any entrained air, which might be

accumulated at high points in the pipeline during normal operations.

Without air valves, Vacuum may occur at peaks and the pipe could collapse or it may not
be possible to drain the pipeline completely,

Air valves require care in selection an

plan the pipeline alignment to avoid ar 1
problems is necess

co;rective measure

d even more cate in siting and it is good pmqﬁce to
toubles altogether. A special study of the possible air
ary at the design stage itself and provision should be made for suitable
s rather than POsitioning arbitrary air valves at pipeline peaks.

Locations of air valves can be at both sides

other gates and changes in grade o steeper slop
by air valves.

of gates at summits, the downstream side of
es in sections of line not otherwise protected
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6.16.3.1 Air Release Valves

Air Release valves are designed specifically to vent, automatically and when necessary, ai
accumulations from lines in which water 15 flowing. Such accumulations of air tend to collec
at high points in the pipeline. Air which accumulates at such peaks, reduces the useful cros
sectional atea of the pipe, and therefore induces 2 friction head factor that lowers e
pumping capacity of the entire line. The use of air release valves eliminaes the possibility of
this air binding and permits the flow of water without damage to pipeline.

Small orifice air valves are designated by their inlet connection size,
diameter. This has nothing to do with the air release orifice size whic,
mm diameter. The larger the pressure in the pipeline, the smaller pee
The volume of air to be released will be a function of the ajr ¢

usually 12 to 50 mm
may be from 1 to 1l
d be the orifice sz
atned which 45 on e

i

ol

verage 2% of the volume of water (at atmospheric pressure).
a

The small orifice release valves are sealed by a floating ball, or needle which is at‘tachec} to
» float. When a certain amount of air has accumulated in the connection on top of the pipe,
the ball will drop or ﬂ'ff—' needle V:}lve will open and release the air. Small onf_':ce release vi_]:s
are often combined with large orifice air vent valves on a common connection on top o ;
pipe- The arrangement 1s Ci:‘-“Ed a double air valve. An isolating sluice valve is normally fitte
between the pipe and the air valves.

Double air valves should be installed at peaks in the pipeline, both with respect to the
horizontal and the maximum hydraulic gradient. They should also be installed at the en:jis
and intermediate points along a length of pipeline which is parallel to the hydraulic grade
line. It should be bome in mind that air may be dragged along in the direction of flow mﬁc
pipcline and may even accumulate in sections falling slowly in relation to ﬂ-‘le h)'df_a e
gradient. Double air valves should be fitted every 1/2 to 1 KM along descending sections,
especially at points where the pipe dips steeply.

Air release valves should also be installed all along ascending lengths of pipeline wh_exe air
is likely to be released from solution due to the lowering of the pressure, again especially at
points of decrease in gradient. Other places where air valves are required are on the dxschafge
side of pumps and at high points on large mains and upstream of orifice plates and reducing

tapers.
Air-Relief towers are provided at the first summit of the line to remove air that is
mechanically entrained as water is drawn into the entrance of the pipeline.

6.16.3.2 Air Inlet Valves

In the design and operation of large steel pipelines, where gravity flow occurs,
considerations must be given to the possibility of collapse in case the internal pressure is
reduced below that of atmosphere. Should a break occur in the line at the lower end of a
slope, a vaccum will in all probability be formed at some point upstream from the break due
to the sudden rush of water from the line. To prevent the pipe from collapsing, air inlet
(vaccum breaking) valves are used at critical points.

These valves, normally held shut by water pressure, automatically open when this
pressure is reduced to slightly below atmosphere, permitting large quantities of air to enter
the pipe, thus effectively preventing the formation of any vaccum. In addition to offering
positive protection against extensive damage to large pipelines, by prevention of vacuum,
they also facilitate the initial filling of the line by the expulsion of air wherever the valves are
installed.

Air inlet valves should be installed at peaks in the pipeline, both relative to the horzontal
and relative to the hydraulic gradient. Various possible hydraulic gradients, including reverse .
gradients during scouring, should be considered. They are normally fitted in combination *
with an air release valve.



. : i ith them, the purposc
Often air release valves are used in conjunction :f,'tlet: b T has bcI::n . ‘: >t f ‘thege b
vent air accumulations that may occur at the peaks Intg i

: : A
Please refer to 6.17.3 also for more information. %,

6.16.4 KINETIC AIR VALVES

rising main is admitted in the ball chamber of &= all : the by &
disadvantages with this type of valve are that (a) once the ball goes up;. it does ng, R
down even when air accumulates in the ball chamber and (b) due to air rushing 0, it g
ball making it stick to the upper opening which does not f"n qow? xinless &,’e Pressyre "t
main drops. The Kinetic air valve, overcomes these deficiencies smnce the air or Water ln
from the bottom side of the ball and the air rushing around ball exerts the Pressy;, N
loosens the contact with the top opening and allows the ball to drop down. € ay

© 6.16.5 PRESSURE RELIEF VALVES

These, a.lso.called as over-flow towers, are provided in one or more Summits of
:Onveyance main to keep the pressure in the line below given value by causing wate, tg :
\\(!)ci\g;:tlco :g;gn tl:le pressure builds up beyond the design value. Usually they are SPring
i ol and are not sufficiently responsive to rapid fluctuations of Pressure to he :

protection devices. The latter are dealt in 6.17.4. -

6.16.6 CHECK VALVES

6.16.7 SURGE TANKS

These are provided at the end of the |j
e line where amme
ofa valve and are discussed in detail i water b 53
are discus in 6.17. 'S Created b i '
Y rapid closm}

6.16.8 PRESSURE-REDUCING VALvES

These are used to automatically maintain a red ;
. p uc : T e
she downstream side of the pipeline. This ed pressure within reasonable limits in

p Is type of valve is always in movement and requires
scheddedi;gﬁr;?cev;tez 1'tEgular bfiSIS. This work is facilitated if the valve is ﬁttedqlclm a
bypass tIvf . pressu%e reduci_no l:}em"ft f}vork to procced without taking the main cut of
service. g valve 1s fitted on the main pipeli

‘ pipeline, a bypass can be provided
for emergency use. Needle type valves which can be hydraulically Eontrol]ed olz motor
operated with a pressure regulator are used for la

rge aqueduct mains.
6.16.9 PRESSURE SUSTAINING VALVES

Pressure sustaining Va.lver-s are sitnilar in design and construction
valves and are used to maintain automatically the pressure on the
pipeline.

6.16.10 BALL VALVES OR BALL FLOAT VALVES

Ball valves or ball float valves are used to maintain a constant level in a service reservorr
or elevated tank or standpipe. The equilibrium type of valve is the most effective and it s
designf:d to ensure that the forces on each side of the piston are nearly balanced. For severe
operating conditions, 2 more expensive needle type of valve will give better service.

In both cases the float follows the water level in the reservoir and permits the valve to
admit additional water on a falling level and less water on a rising level and to close entirely
when the overflow level is reached. The disadvantage of this system is that the valve may
operate for long periods in a throttled condition, but this can be avoided by arranging for the
float to function in a small auxiliary cylinder or a tank. When the water reaches the top of the
auxiliary tank, the ball will rse fairly quickly from the fully open position to the closed
position without shock. The valve will not open again until the water level in the reservoic
reaches the base of the auxiliary tank, at which point the water will drain away and the ball
valve will move to the fully open position. With this method the valve is not in a state of
almost continuous movement and throttling and erosion of the seats are avoided.

6.16.11 AUTOMATIC SHUT-OFF VALVES

to pressure reducing
upstreamn side of the

These are used on the mains to close automatically when the velocity in the mains
exceeds a predetermined valve in case of accident to the line. :

6.16.12 AUTOMATIC BURST CONTROL

With large steel mains suitably protected against corrosion and laid properly, particularly
at change of direction and the ground is not liable to subsidence, the possibility of a major
burst is ruled out.

The simplest arrangement as explained in 6.16.14 is to insert an interrupter umer in the
motor circuit so arranged that the final quarter travel of a sluice valve occurs in slow steps to
the point of closure. The costlier arrangement will be insertion of a smaller power operated



EXPANSION JOINTS

Expansion are not needed if the pipe joints themselves take care of the pipe movements induced du to temperature changes,
which is mostly the case for long buried pipe without any bend or dip.

Steel pipes laid with rigid transverse joints particularly in the open must either be allowed to expand at definite point or its
motion be rigidly restrained by anchoring the line.

WATER HAMMER

OCCURRENCE

If the velocity of water flowing in a pipe is suddenly diminished, the energy given up by the water will be divided between
compressing the water itself, stretching the pipe walls and frictional resistance to wave propagation. This pressure rises or
water hammer is manifests as a series of shocks, sounding like hammer blows, which may have sufficient magnitude to rupture
the pipe or damage connected equipment.

It may be caused by the nearly instantaneous or too rapid closing of a valve in the line, or by an equivalent stoppage of flow
such as would take lace with the sudden failure of electricity supply to a motor driven pump. The shock pressure is not
concentrated to the valve and if rupture occurs, it may take place near the valve simply because it acts there first. The pressure
wave due to water hammer travels back upstream to the inlet end of the pipe, where it reserves and surges back and forth
through the pipe, getting weaker on each successive reversal.

The velocity of the wave is that of acoustic wave in an elastic medium, the elasticity of the medium in this case being a
compromise between that of the liquid and the pipe. The excess pressure due to water hammer is additive to the normal
hydrostatic pressure in the pipe and depends on the elastic properties of the liquid and pipe and on the magnitude and rapidity
of change in velocity. Complete stoppage of flow is not necessary to produce water hammer, as any sudden changes in velocity
will create it to a greater or lesser degree depending on the conditions ted, mentioned above.



he critical ime T, , the actual water ham,

If the actual time of closure T is greater than t

mer is reduced approximately in proportion to LT G g s ; ]
h as 1370 m/s for a rigid ptpe OF 25 lOW as gy,

Water hammer wave velocity may be as hig <
m/s for a steel pipe and for plastic pipes may be as low as 200 m/s.
6.17.3 CONTROL MEASURES e less th

: 2 t be less a
The internal design pressure for any section _of a pipeline sho};ld ;othe lodass ponm’Lhe
maximum opcrating pressure or the pipeline static pressure (-)bt:llmfforg surge pressure. ‘T?mn
of the pipeline considered including any allowance require llowances made. e
maximum surge pressure should be calculated and the following allo T
ressure or the maximum pipeline staic

1 operatn
(@) ;ictgi;:z‘h?cii‘;“:’}‘:;ﬁanz i c%.lfulated surge pressure does not  exceed
1.1 times the internal design pressure, 1O allowance for surge pressure jg
required,
(b) If the sum exceeds 1.1 times the internal design pressure, then protective devices
should be installed and
(€) In no case the sum of the maximum operating pressure and the calculated surge

pressure should exceed the field hydrostatic test pressure.

Depending upon the layout of the plant, the profile and the length of the pipeline, surging
in pipelines can be counteracted in two fundamentally different ways (1) by checking the
formation of the initial reduced pressure wave itself by means of flywheels (which h‘:ngthen
the slowing down time of the pump) and air vessels (which continues to feed water into the
pipeline until the reflected pressure wave again reaches the pump) and (2) by neutralizing the
reflected wave from the reservoir by installing special devices in the pipelines, some of which
are automatically controlled quick closing valves, automatically controlled bypasses and
pressure relief valves. To obtain greatest effectiveness, the relief valve or other form of

suppressor should be located as close as possible to the source of disturbance.

* Since the maximum water hammer pressure in metres is about 125 times the velocity of
flow in mps and the time of closure of gate valves varies inversely with the size of the main,
water hammer is held within bounds in small pipelines by operating them at moderate ve-
locities of 1 to 2 mps. In larger mains, the pressure is held down by changing velocities at
sufficiently slow rate so that the relief valve returns to position of control before excessive
pressures are reached. If this is not practicable, pressure relief or surge valves are used. For
mains larger than 1.75m, which operate economically at relatively high velocities of 2 to 3
mps and cannot be designed to withstand water hammer without prohibitive cost, the energy
is dissipated slowly by employing surge tanks. In its simplest form, a sur'ge tank is ,a standpipe
placed at the end of the line next to t}'le point of velocity control. If this control is a tepr.he
surge tank accepts water and builds up backpressure when velocities are e ’ated
downward. When the demand on the line increases, the surge tank affords an ir:;:g:;]diatc

()
I

of water and, in so doi
:IUPI?]Igw o t!':e condui:nf%ugimratcs the excess hydraulic gradient needed to accelerarc
sllf-ge tank oscillates slowly till th::} e)l:::Es: change in the discharge rate. The vater level n a
cne s i ; s . ]
the system. I8y 5 dissipated by hydraulic friction throuzh

6.17.3.1 Causes Of Water Hammer And Remedial Measures

The three common cause
ol sttt wf valves ‘(—‘;;’-Sszgszatet hammcr encountered in warer supply systems are: (i)
o trifugal pumps and (3) pulsten O O unexpected failure of power supply to
pumps. problems duc to hydraulic rams and reciprocanng

6.17.3.2 Rapid Closure Of Valyes

Gate valves are
down to take lcngt:-) ;lel)f:}f:rreq_m stop valves. The valve closure period should be slowed
executed as quickly as conv. cntical time of closure. The first 80% of valve travel can be
approximately 80% of the ﬂement’ but the last 20% (which is effective in shutting off
tends to minimize water hamomw) Sbhoulld be d?ﬂe as deliberately as possible. This not only
offered as shut-off is approa he:j ut 1s expedient owing to the greater resistance to closure
stecautions should be ml;m CFe . Where power driven operating devices are used, similar
slower in the initial period th. or geared gate valves, closure may have to be considerably
available is of great assistan an in the case of valves without gears; the mechanical advantage
Gl ot Bigh mfey oF B \:e gn effecting the last 20% of closure, particularly with large gate
opening of valves, By pa - Stmilar measures have to be adopted for prevention of rapid
closed last. Care Si'lo!fl dP ai:zsba:i I;:lp n Clos:.mg or opening of large valves and should be
00 rapid operation of firs hydmis_en to avoid setting up excessive water hammer through

pressure at the pump. If there is a check valve at the- i
;-1:1:1 a }fna;k dg;ess;)u;:le builds up against the check vﬂx?eug}%c(;? i:loz:nn:t:i ;c?mer;:lg ﬂOWeqliSmplossﬂale
I:.cecedmen . kpm OF; normal. The shock_ pressure may reach twice the normal houtti if e
St thai tWice \:rhnter column or, if the column has broken, the pressure v "y
¢ the normal head. Increased flywheel capacity of a pumn;a?v;]s j e
, In cases of

Power failure, maintain i i
pumping action to an extent suffici ure.
1 1ent to prevent excessiv.
e fall of press
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Pump Bypass Reflux Valve

One of the simplest arrangements for protecting pumping main against water hammer 1s a reflux valve installed
in parallel with the pump (Fig (63).

The reflux or non-return would discharge only in the same direction as the pumps. Under normal pumping
condition the pumping head would be higher than the suction head and the pressure difference would maintain
the reflux valve in a closed position.

On stopping the pumps, the head in the delivery pipe would tend to drop below the suction head, in which case
water would drawn through the bypass valve.

The pressure would therefore only drop to the suction pressure less any friction loss in the bypass. The return
wave over pressure would be reduced correspondingly. Fig. 6.4. gives the maximum and minimum head at
pump after power failure.

Discharge Tanks

In situations where the pipeline profile is considerably lower than the hydraulic grade line it may still be
possible to use a tank, but one which under normal operating conditions is isolated from the pipeline. The tank
water surface would be subjected to atmospheric pressure but would be below the hydraulic grade line, as
opposed to that of a surge tank.

A discharge tank would normally be situated on the first rise along the pipeline and possibly on subsequent and
successively higher rises.



* The tank will be more efficient in reducing pressure variations, the nearer the level in the tank is to the hydraulic
grade line. It should be connected to the pipeline via a reflux valve installed to discharge from the tank into the
pipeline if the pipeline head drops below the water surface elevation in the tank.

* Normally the reflux valve would be held shut by the pressure in the pumping line. A small-bore bypass to the reflux
valve, connected to a float valve in the tank, should be installed to fill the tank slowly after it has discharged. Fig.
depicts a typical discharge tank arrangement.

e The function of a discharge tank is to fill any low-pressure zone caused by pump stoppage, thus preventing water
column separation. The water column between the tank and the discharge end of the pipeline (or a subsequent tank)
will gradually decelerate under the action of the head differences between the two ends.

OVERFLOW

S COUR
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1SOLATING
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FIG. 6.5 : DISCHARGE TANK




AIR VESSELS

» If the profile of a pipeline is not high enough to use a surge tank or discharge tank to protect the line, it may be
possible to force water into the pipe behind the low-pressure wave by means of compressed air in a vessel.

* The pressure in the vessel will gradually decrease as water is released until the pressure in the vessel equals
that in the adjacent line. At this stage the decelerating water column will tend to reverse. However, whereas
the outlet of the air vessel should be unrestricted, the inlet should be throttled.

* A suitable arrangement is to have the water discharge out through a reflux valve that shuts when the water
column reverses. A small orifice open bypass would allow the vessel to refill slowly. (Fig)

* A rational design of air vessel involves calculation of the dimensionless parameters, as follows:

Pipeline parameter = p = CV,/ 2gH,
Air vessel parameter= p 2C, C
Q, L
Kc = Coefficient of Head Loss such that K H, is the total head loss for a flow of Q, into air vessel C 1s water hammer

wave velocity, V| 1s initial velocity and H, is absolute head (including atmospheric head), Co is the volume of Air, L 1s
the length of pipeline.
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In-Line Reflux Valves

* Inline reflux valves would normally be used in conjunction with surge tanks, discharge tanks or Air vessel. Following pumps
shutdown, the tank or vessel would discharge war into the pipe either side of the reflux valve.

e This would alleviate the violent pressure drop and convert the phenomenon into a slow motion effect .The reflux valve would
then rate the water column at the time of reversal, which coincides with the point of minimum kinetic energy and maximum
potential energy of the water column.

e There would therefore be little momentum change in the water column when the reflux valve is shut and consequent negligible
water hammer pressure rise.

Release Valves

* There are a number of sophisticated water hammer release valves (often referred to as surge relief valve or surge suppression)
available commercially.

* These valves have hydraulic actuators which automatically open, then gradually close after pumps tripping The valves are
normally the needle type, which discharge into a pipe leading to the suction reservoir, or else sleeve valves, mounted in the
suction reservoir.

* The valves must have a gradual throttling effect over the complete range of closure. Needle and sleeve valves are suitably
designed to minimize cavitation and corrosion associated with the high discharge velocities which occur during the throttling
process.

* The valves are usually installed on the delivery side of the pump reflux valves and discharge directly to the suction reservoir.
They should not discharge into the suction pipe as they invariably draw air through the throat, and this could reach the pumps



SPECIAL DEVICES FOR CONTROL OF WATER HAMMER
The philosophy is
1.  to minimize the length of the returning water column causing water hammer
ii.  to dissipate energy of the water column length by air cushion valve and
ii1. to provide a quick opening pressure relief valve to relieve any rise in pressure in critical zone.
These objectives are achieved by the following three valves.
ZERO VELOCITY VALVE

* The principle behind the design of this valve is to arrest the forward moving water column at zero momentum i.e. when its
velocity is zero and before any return velocity is established.

* The valve fitted in the pipeline consists of an outer shell and an inner fixed dome leaving a streamlined annular passage for water.
A closing disc is mounted on central and peripheral guide rods and is held in the closed position by one or more springs when
there is no flow of water.

* A bypass connects the upstream and downstream sides of the disc. The springs are so designed that the disc remains in fully open
position for velocity of water equal to 25% of the designed maximum velocity in the pipeline.

AIR CUSHION VALVE

* The principle of this valve s to allow large quantities of air in the pumping main during separation, entrap the sir, compress with
the returning ait column and expel the air under controlled pressure so as to dissipate the energy of the returning water column. An
effective air cushion is thus provided.



The valve n mounted on TEE-join on the ring main at locations where water column separation is likely. The valve has a spring
loaded armet part, an outlet normally closed by a float, a spring loaded outlet poppet valve and an adjustable needle valve control
orifice.

When there in sudden stoppage of pump due to power failure, partial vacuum is created in the main. With differential pressure,
the spring-loaded port opens and admits outside air into the main. When the pressure in the main becomes near atmosphere, the
inlet valve closes under spring pressure.

The entrapped air is than compressed by the returning water column till the poppet valve opens. With float in dropped position,
the air is expelled through poppet valve and controlled orifice under predetermined pressure thus dissipating the energy of the
returning water column.

OPPOSED POPPET VALVE

As the name implies, the valve has two poppets of lightly different areas mounted on the same stem. The actual load on the stem
is thus the difference in load on the two poppet and in thus light. A weak spring in therefore, able to keep the valve closed under
normal working pressure.

If pressure in the water main increases beyond a certain limit, the increase in differential pressure overcomes the holding pressure
of the spring, opens the valve and allows water to discharge through both the poppet

On account of the light spring the valve is able to open quickly and thus reduce the peak surge pressure to the desired limit.
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Example 6.2. Estimate the hydraulic gradient in @ 2 m diameter smoot),

¥ b TS FOR TRANSPORTING WATER =41
. . o N "o o ) ) ' DU' .
concrete Pi})(? (‘(H'f)’”l.&' 1 (llu'ﬁ'("l(”'g(f 0, 3 "u"u:("“ at 10 c “”npcratur(’ y l-‘sulg o en the value of £’ is obtained by q. (6.6), we gt
(«- Darey-Weisbach formula; (b) by Manning's formula, (¢c) by Hazen-William's wh [ L 2 iog, o R JfF~0 8} o By 8
. ' M d L ) . d B . . - = 10 - = el 1. 6.6
formula; (d) by Modified Hazen-William’s formula. Assume suitable data not given, Jr
rmula; 5 il
. . — =21 1.46 0° % =0
Solution. @ = 3 cumecs. - Jr OR1o ( x 109 JJf” -~ 0.8
. . e i 1 _
Dia of pipe =2 m r - il J . n
13
‘ n ¢ ’ 7
Area of pipe =A=22==x4=314 m? o 1=12.28f’—0.8 J7"
4 4 ) f’—0.0652 7 —0.0815 = 0
‘ 3 > _ 0.0652 x /0.00425 + 0.326 _ 0.0652 + J/0.3302
Velocity of flow =V = 9 = — = 0.955 m/sec. or Jr = = =
A 314 _ 0.0652 + 0514 ; : . :
. = > (Ignoring unfeasible negative sign)
(a) Darcy-Weisbach formula (Eq. 6.1) states that 0.639
' == = 0.32
f'L V* DS . _
_ . . E 6 1) . f’=0.01 =0.011, as given by equation 6.8
L™ d "2 mfht. B R Hence use f’ = 0.011.
‘ g Now using Eq. (6.1), we have
Let us evaluate [, first o _ [L v
Vd L™ d 2g
Now, R, = Reynold number = — _ 0.011x L (0.955)%
v or He= 2 2 =< 9.81
where v = kinematic viscosity of water at 10°C from N H, _ 0011 0911 _ 0011x0911 _ 1
table 9.1 L 2 19.62 39.24 3920
. . . ) x
t - )
=131 x 10-6 m2/sec Thus, .he hydraj.xh(i gradient I'S 39950 ° €’ 1 m fall in 3920 m length. Ans.
0 955 2 (b) Using Manning’s formula i.e. Eq. (6.11)
. x : 2 2
o= T3ly100 - 146 % 10°=14,60,000 wehave  Hp="U— .L
WOl X
Using n = 0.013, R = % = 2/4 = 0.5 m, we get
1o
Uking Bq, 16.8), e itye H; _ (0.013)* x (0.955)2
0-396 3 & (0.5)1.33
4 —
f"=0.005 + FXE _ 0.000169x0.911 _ _ 1
¢ 0.397 2480
/‘I - 0 005 0396 . 0 005 Y 0396 Thus, the hydraulic gradient is 5480° i.e. 1 m fall in 2480 m length. Ans.

+ (e) Using Hazen-William’ la i Eq. (6.12
(). m’s formula i.e. Eq. s )
(14,60,000)" 695 we have V = 0.85 C,,. R0-63 . 5054

=0.006 + 0.0057 = 0.0107 ; say 0.011. Using C;; = 130 (from Table 6.2)
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232
2 0% 0 54
21 B
we have 0.955 = 0.85 x 130 x (4 g
i 0.955 = 0.85 x 130(0.5)°%. S "
| _0.85 x 130 x 0.646 . S
0.955 _ 1
e TR
o §0% = 0.85 x 130 x 0.646 74.8 1
1 1 1
. S=——"1 (748" 2950

(74.8)°%

1 ;
i . 4:—— je 1mfallin 2950 m length,
Thus, the hydraulic gradient 18 2950,z.e m gth. Ans,

(d) Using Modified }'{azen-William’s65 /;osr‘rr‘lsuolg5 2;’si-f-’- Eq. (6.14),
V = 143.534 Cp . R*®" . 57 .
Bk where V = 0.955 m/s (computed earlier)
Cp = 1.0 (from Table 6.3 for concrete pipe)

d 2m 05

=_——=

=1 &
S=?
Putting the values, we get
0.955 = 143.534 x 1 x (0.5
0.955 = 143.534 x 0.634 500525

0.955
0.5525 — =0.01049
or 8 143534 x 0.634

1

— 1
S = (0.01049)09525 = 2.6185 x 104 = T

Thus, the hydraulic gradient by Modified Hazen-William’s formula will be

1

3819
obtained from Darcy-Weisbach formula. Ans.

)0.6575 i (5)0.5525

or

or

ie 1m fall in 3819 m length ; which value will be close to the value

Certain Important Definitions

Here we shall define certain important terms which are frequently
used in India for defining various pressures in pressure pipes by the
manufacturers of these pipes.

Working Pressure.

Working pressure may be defined as the actual maximum pressure
(including abnormal conditions such as water hammer) to which the

pipe will be subjected during its operation.

Design Pressure.

Design pressure may be defined as the maximum pressure for which
the pipe has been designed. This is equal to the product of the
working pressure and suitable factor of safety to cover abnormal
increase in pressure due to unforeseen circumstances.

Test Pressure.

Test pressure may be defined as the maximum pressure which the
pipe can withstand without any leakage when tested for hydrostatic
pressure in accordance with the standard methods of testing



Testing of the Pipe Lines

After a pipe line has been laid, fitted with all appurtenances and accessories, painted both from inside as well as outside by means of
protective paints, etc., the pipe line will be tested for the soundness in its construction. The sounds of the construction is examined by
performing the pressure test on the pipe line. The step by step procedure adopted for performing this test described below:

[.  The pipe line is tested from section to section. Thus, at time, only a particular section lying between two sluice valves in
taken up testing.

II. The downstream sluice valve is closed, and water is admitted into the pipe through the upstream sluice valve. The air valve
will be properly operated during filling up of the pipe.

III. The upstream valve, through which water was admitted, is closed, so as to completely in late the pipe section from the rest
of the pipe.

IV. Pressure gauges are then fitted along the length of the pipe section at suitable interval (say 1 km or so) on the crown,
through holes left for the purpose.

V. The pressure in the pipe line is now raised by means of a small hand force pump or a hydraulic pressure pump, till the test
pressure (to be measured in the pressure gauge fitted on the pipe) is nearly 25-50% above highest working pressure.

V1. The pipe and the joints are then visualised for water tightness. The applied test pressure should also maintain itself without
any appreciable loss during the observation period, which may be at least 4 hours. When the field test procedure in less
than two-third the works test pressure, then the observation period should be increased to at least 24 hours.



» The pipe is finally emptied through drain valve, and the observed defects (in the test) are rectified, so as to make the line fit for use.
The pipe is again tested by repeating the test, so as to ensure proper rectification of defect already done.

« After the satisfactory completion of the pressure test, a leakage test at pressure to be specified by the authority for a duration of 2
hours may also be performed. Leakage in defined as the quantity of water that is required to be supplied for maintaining the
specified leakage test pressure after the pipe has been filled with water and the air is expelled.

* In anewly laid pipe line, there should generally be no leakage. Moreover, the allowable leakage during the maintenance stage of
pipes carefully laid and well tested during construction should also not exceed the value given by Eq below
q.=N.D P
115

Where
q, = Allowable leakage in em*/hr
N= No, of joints in the length of the pipe line
D = Diameter of pipe in mm
P= The average test pressure during the leakage test in kg/cm? (i.e. 10 m of water head)

Disinfection of Pipe Lines before Use.

» After the pipeline has been toasted and corrected for defects, it is ready for transporting untreated water to the city from the
source. However, when the pipe lines are carrying treated water, they must be disinfected before use.

» The pipes are disinfected by keeping them full with water and adding chlorine in amounts, as to maintain a residue of 50 mg/I
(i.e. 50 ppm). This residue is maintained for 12 hours and the pipe is emptied and flushed with fresh treated water, thus making
the pipe ready for carrying potable water to the consumers or to the storage tanks.



