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INTRODUCTION

A Watersupplysystembroadlyinvolvestransmissiorof waterfrom the sourcedo the areaof consumptiorthrough
free flow channelsor conduitsor pressuranains Dependingon topographyand local conditions,conveyance
may bein freeflow and/orpressureonduits

A Transmissiorof wateraccountsor an appreciablgyart of the capital outlay and hencecareful consideratiorof
the economics is called for, before deciding on the best mode of conveyance

While wateris beingconveyedj tnécgssaryo ensurethatthereis no possibility of pollution from surrounding
areas

FREE FLOW AND PRESSURECONDUITS
OPEN CHANNELS

A Economicalsectionsfor openchannelsare generallytrapezoidalwhile rectangularsectionsprove economical
whenrock cuttingis involved

A Uniform flow occurswherethe dimensionf the crosssection,the slopeandthe natureof the surfacearethe
samethroughoutthe length of the channeland when the slopeis just equalto that requiredto overcomethe
friction andotherlossesatthe velocity atwhich thewateris flowing.



A Open channelshave restricteduse in water works practice in view of the lossesdue to percolationand
evaporationas also the possibility of pollution and misuseof water Also, they needto be takenalong the
gradientandthereforetheinitial costandmaintainmay be high.

A While openchannelsandcanalsarenot recommendetb be a conveyancef treatedwater,they may be adopted
for conveyingraw water

A Sometimediversionchannelameantfor carryingfloodwatersfrom othercatchmentsre alsousedto augment
theyield from thereservoirs

GRAVITY AQUEDUCTS AND TUNNELS
A Aqueductsandtunnelsaredesignedsuchthatthey flow threequarterfull at requiredcapacityof supplyin most
circumstanced~or structuralandnon-hydraulicreasonsgravity tunnelsaregenerallynorseshoshaped

A Gravity flow tunnelsare built to shortenthe route, conservethe headand to reducethe cost of aqueducts,
traversinguneventerrain They are usually lined to conserveheadand reduceseepagéut they may be left
unlinedwhentheyareconstructedy blastingstablerock

A Meanvelocities,which will not erodechannelsafter ageing,rangefrom 0.30 to .60 mpsfor unlinedcanalsand
to 2 metrespersecondor lined canals.



PRESSUREAQUEDUCTS AND TUNNELS

A Theyareordinarily circularin section In the caseof pressurdunnels,the weight overburderis relied uponto
resistinternalpressure

A Whenthereis not enoughcounter balanceo theinternalpressuresteelcylindersor otherreinforcingstructure,
for example providenecessaryightnessaandstrength

PIPELINES

A Pipelinesnormallyfollow the profile of the groundsurfacequite closely Gravity pipelinehaveto belaid below
the hydraulicgradient

A Pipesareof castiron, ductile iron, mild steel,prestressedoncrete reinforcedcementconcrete GRP asbestos
cementplasticetc

HYDRAULICS OF CONDUITS

A The design of supply conduitsin dependenton resistanceto flow, available pressureor head, allowable
velocitiesof flow, scour,sedimentransportgquality of waterandrelativecost



6.2.1 FORMULAE calculanng the velocity or g

There are a number of formulac 3‘"13:):;: condwits a0
However, Hazen-Williams formula for pre
flow conduits have been popularly used

(a) Hazen-Williams Formula

The Hazen-Williams formula is expressed a5 o)
V=0849C 08"
Fot circular conduits, the expression becomes 0
V=4561x10°C 8" |
and |
Q=1292x10* C 8™ i
Wherte,
Q = discharge in cubic metre per hout
d = diameter of pipe in mm
V = velocity in mps
t = hydraulic radius in m
= slope of hydraulic gradeline and

O
|

for use 10 € d Ma anings formuly g, t%

A chart for the Hazen Wilblams tormula s given in \ppendix 6 1
b) Manning's Formula

The Manning's formula 1s:
2 I
vV = l r s 2
n

For circular conduits:

3968)([0 xd Jr.S "2

V = _ =

n and

R 1
Q=8661x107x1Lg3 xS 2

n
Where,
Q = dischargc in cubic metre per hour
S = slope of hydraulic gradient
d diameter of pipe in mm,
r = hydraulic radius in metres,
V = velocity in mps, and
n = Manning's coefficient of roughness

A chart for Manning's formula is given in Appendix 6.2.

fc) Darcy-Weisbach's Formula

6.4,

5,

(6.6

Darcy and Weisbach suggested the first dimensionless equation for pipe flow problems

as,
H rfv?

L 2gD

S =

Where,

= head loss due to friction over length L. in metres
= dimensionless friction factor, and

= acceleration due to gravity in m/s?

velocity in mps

= length in metres

Ul“-c;‘m-*.:
Il

(6.7)

= Hazen-Williams coefficient, = dis in metred R—



al coefficient 13

(@) Colebrook-wWhite Sformiula : f fricoon
The Colebrook - X hite formula for calculauon ©
1 £ ). ,_Z_SJ__]
Jr _ 2lesell372) RIS

Where
£ = Darcy’s Friction Coefficient ) /Viscosity
R, = Reynold’s Number = Velocity X D1 etef
- i jectio1
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-.

— ‘k mam L
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

A In today's economyclimate, it is essentialthat all water utilities ensurethat their resourcesare invested
judiciouslyandhences anurgentneedto avoidoverdesigningof the pipelines

A Despitetechnologicaladvancementdmproved methodsof manufacturingof all typesof pipesand adventof
new pipesmaterial,the currentpracticeof adoptingconservativeCoefficientof Roughness/alue(C values)is
resultingin underutilization of the pipe material

A The coefficient of roughnessdependson Reynoldsnumber (henceon velocity and diameter)and relative
roughnesgd/k). For Reynoldsnumbergreaterthan10’ thefriction factor6 f(addhencethe C value)is relatively
independentf diameterandvelocity.

A However,for normalrangesof Reynoldsnumberof 4000to 10° the friction factor 6 f(h&ncethe C value)do
dependon Diameter\elocity andrelativeroughness

A PVC GlassReinforcedPlastic (GRP) and other plastic pipesare inherently smoothas comparedo Asbestos
Cement(ACC). Concreteandcementmortarepoxylinedmetallicpipes

A Dependingon quality of workmanshipduring manufacturegndthe manufacturingprocessthe ACC, Concrete
andcementmortareporylinedmetallicpipestendto beassmoothasPVC, GRPandotherplasticpipes



A The metallic pipeslined with cementmortar or epoxy and Concretepipes behaveas smoothpipesand have
shownC valuesrangingfrom 140to 145 dependingon diametera velocity. Referencenay be madeto " Manual
of Water Supply Practices", AWWA/M 9 publishedby American Water Works Association(AWWA), second
edition1995

A With a view to reducecorrosion,increasesmoothnessand prolongthe life of pipe materials the metallic pipes
are being providedwith durablesmoothinternal linings AC Concreteand cementmortarepoxylinedmetallic
pipe,PVC, GRPandotherplasticpipe may not showany significantreductionin their carryingcapacitywith age
andthereforethe designroughnessoefficientvalues(C values)shouldnot be substantiallydifferentfrom hose
adoptedor newpipes

A However,pipescarryingraw wateraresusceptibléo depositionof silt anddevelopmenbrganicgrowthresulting
in reductionof carryingcapacityof suchpipes

A In caseof buildup substantialgrowth/ buildup of depositsin suchpipes,they canbe removedby scrapingand
piggingthepipelines

A Unlined metallic pipesunderseveralfield conditionssucha carryingwaterhavingtendencyfor incrustationand
corrosion,low flow velocity andstagnaniwaterandalternatewet anddry conditions(resultingfrom intermittent
operations)undergosubstantiateductiontheir carryingcapacitywith age

A Therefore,lower fi C valueshave beenrecommendedor designof unlined metallic pipes As such, use of
unlinedmetallicpipe shouldbediscouraged



AZLFEN - WILLIAMS COEFFICIENTS

— Table 6.1: H mended C Value
s : .
Pipe Material Recom of surface finish of nem pipelinec. 1he user agen., may peafy that flom tet may e
P_p;r Design W conducted for defermining the C rabues of laid pipeline.
New It Se ' o
The qualkity of galvanizing should be 1 accordan-e aith the relesrant standards to enrere
_L_}’ T resistance 1o corrosion through out its design life.
'y, 7R ‘PDes . .
(‘nc‘d Merallic Pipes 130 Ton *  For pipes of diamneter 590 mm and abore; the range of C. ralues may be from /) 1o 125
st Tron, Ducnle Tron 140 100 Jor pipres less than 500mzm..
Mild Stee
; ‘_1 I( teel ) “ 120 1O **  In the absence of spedific data, this value is recornmended. 1loacier, in cas: authentic field
vlvanwsed Tron abowve 30 mm dha. 120 55 data is available, b{gﬁer:’abﬁj wpto 130 may be ud@f!d,
Cialv: n 3 a7 1 .
hci::\:-’::;:: L‘:‘r""u:::::"\':_:\":‘:_(:'“‘ The coefficient of roughness for use in Manning's formu'a for different matenals as
conncctons. & presented in Table 6.2 may be adopted generally for design purposes unless local
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
Pt:-‘ntﬂfugaﬂy Lined Metallic be taken as 0.013 for plastic pipes and 0.015 for other pipes.
F
pes Table 6.2 : MANNING’S COEFFICIENT OF ROUGHNESS
Cast Iron, Ductide Iron and Mald
Steel Pipes hined with cement mortar Type of lining Condition n
or FEpoxy
_ 140 Glazed coatng of In perfect order 0.010
L'p ro 1200 mm dia 140 enamel Timber
\bove 1200 mm dia 145 145 (a) Plane boards carefully laid 0.014
Prors ) (b) Plane Boards inferior workmanship or aged, 0.016
rojection Method Cement (c) Non-plane boards carefully laid 0.016
Mortar Lined Metallic Pipes (d) Non-plane boards inferior workmanship or 0.018
Cast lron, Ductile Tron and Nild 130* 110** aged
Seeel Pipes Masonry (a) Neat cement plaster 0.013
(b) Sand and cement plaster 0.015
Non Mertallic Pipes (c) Concrete, Steel troweled 0.014
RCC Spun Concrete, (d) Concrete, wood troweled 0.015
Prestressed Concrcte (e) Brick in good condition 0.015
5 H S 1)
) _ (f) Brck in rough condition 0.017
Up to 1200 min dia 140 140 () Masonry in bad condition 0.020
Above 1200 mm dia 145 145 Stone work (@) Smooth, dressed ashlar 0.015
\sbestos Cement 150 -~ 1.3 (b) Rubble set in cement 0.017
Fine, well ked 1 X
PV, GRI? and other Plasoic pipes. 150 145 () Fin pac e:- grave N 0.020
> Earth (a) Regular surface in good condition 0.020
@  The C ralues Jor nen pipes included in the Table 6.1 are Jor deterrmining the crceplabieiin (b) In ordinary condition 0.025

I . (c) With stones and weeds 0.030




\' (Reference may be made to I.S 2951 for calculation of Head l.oss due to fncuon according
n

/ to Dm'“'ciSbach fomu'la)
itgon
_ Cond 5w, 6-23 HAZEN-WILLIAMS FORMULA
Type of lining - g U35 i ) _
ondition . 1 debris Of weeds 0.05 The commonly used Hazen-Williams formula has following inherent himitanons:

(@ Inpoor€ cted Wi

) Partially obstr 0.014 (1 The numerical constant of }azen-Williams formula (1.318 in FPS units or 0.85
@ 1ded 0.014 in MKS units) has been calculated for an assumed hydraulic radius of 1 foot and
Steel @) W.c d 0.0 friction slope of 1/1000. However, the formula is used for all ranges of diamerer
(b) Rivete cculated 0' 2 and frction slopes. This practice may result 1n an error of upto £ 30% in the
(c) Slightly t:,{b:mr lined 0'811 evaluation of velocity and * 55°0 in estimation of frictional resistance head loss
(d) Cement 013
Cast Iron & @) Unlined lined 0.011 (1) The Darcy-Weisbach formula 1s dimensionally consistent. The Hazen-Wilhams
Ductile Iron (b) Cement e 0.013 Coefﬁ‘cient'C is usually considered independent of pipe diameter, velocity of flow
Asbestos Cement 0.019 and viscosity. l‘lo.w.evcr to be dimensionally consistent and to be representative
Plasti th __/-_ T of friction conditions, it must depend on relative roughness .of pipe a.nd
astic (smooth) etallic pipes and 0.011 for plastic ang Oth, Reynold's number. A comparison between estimates of Darcy-Weisbach fricuon

factor f, and its equivalent value computed from Hazen-Williams C for different

Note : Values of n may be taken as 0.015 for %7 dined . attere
pipe matenals brings out the error in estimation of ‘f’ upto *45% m using

smooth pipes. . rials are given in Tabje
The Biction faciior values jo piactice e commonly used pipe Mate 6 63 Hazen Williams formula. It has been observed that for higher 'C' values (new
ey MMENDED FRICTION FACTO and smooth pipes) and larger diameters, the error is less, whereas it is appreciable
TABLE%;?; ll;iggY-WElSBACH FORM UI;':iction Factor fo; lower 'C' values (old and rough pipes) and lower diameters at higher
SI. No Pipe Material Diameter(mm) For Design | esue:
To New Period of 30 - (1) The Hazen-Williams formula is dimensionally inconsistent, since the Hazen-
From Years i Williams C has the dimension of L.°*" T and therefore is dependent on units
1 RCC 100 2000 0.01 to 0.02 0.01 to  0.02 employed.
. o .01 t X . . . . . o ge
2. A.C 100 600 0.01 to 0.02 831 o 302 6.2.3.1 Discussion On Various Formulae For Estimation Of Frictional
3. HDPE/PVC 20 100 | 0.01 to 0.02 0'01 to o.(())i Resistance
01 to 0.02 . to .02 ; 2 . . 2
he =l i . g 01 to 0.02 0.053to 0.03 ( With a view to avoid the limitations of the Hazen Williams formula, the present
5. C.L . 100 1000 : ’ trend is to use the Colebrook-White equation for estimation of friction factors
(fotl' CO)!TOSIVC and then use the Darcy-Weisbach formula for estimation of head-loss due to
- S - . : g
friction in the pipelines. This practice will yield correct results compared to the
.02 0.034 t 0.07 g
6. g.x . 100 | 1000 | 001 to 0.0 o Hazen Williams formula
Or Nnon-corrosive
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 a 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’
gCast éionl’ Ductile values will also result in under-utilization of carrying capacity of the pipes.
_ ron, Steel) However it 1s recommended that frictional losses should be estimated with
; 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




m h in 6, F
R ded K’ values for use in Colebrook-White formula are shown in 6.2 1 Q)
ecommende s

-Wiesb .
(1) If there 1s a choice for use of pipe frction fo;nutl_?;;t l:::]cythcrz;;:: h“):_e‘d\ in which,
accuratc results but involves extra colmpu:::;or’lrhc'- Modified llazen W."‘:: V = velocity of flow in m/s;
\(’;}1}1:%» f(HW)ul %rmdin“u:gtovc:::\t was suggcstcd f(;t u',sedl"‘fl"~‘"l ‘;f Fny Cr = pipe roughness cocfficient; (1 for smooth pipes; <1 for rough pipes);
ormuia being . 24 1s denve rmom 1), _ o
formula. The MHW formula shown in Pafa 6 i the friction coeff ¥ r = hydraulic radius in m;
Weisbach (DW) and Colebrook- White equations. ncE C C. val oo, o0 s
de(;:nzz ogDrelan've roughness of pipe and Reynolds nulr)r'tbcr_, R ‘:( u;sv 3. S0 hay, s = friction slope;
5 : nations ) = COrre ) . . ]
to be varied for various diameter anthC}l]”:]’g, ::::Its - exbn Cnmpu(au,:;q D = internal diameter of pipc in m;
i i ictional resistancc whic § . ) . o _
2??;{?3&;2:: ecfn:;:i:s a:e given m Table 6.4 for use in }:hL N;ffl el Flage, h = friction head loss in m;
. R ” within 5% accurac
o i te Fri-++-nal resistance , ya, ! ) .
:i‘:l:;;ief%r;ngazl;li;ezﬁ;:l?;?r:xul: coupled with (:Olcbr;; .Ok'w hr’ e cq'uat.,,n ! L = length of pipe in m; and
4. = . . or ; . .
gives most accurate results followed by modified [lazen-Williams mula anq 1 Q = flow in pipe in m’/s.
Hazen-Williams formula.

| imati 5 ified 1Tazen-Williams formula is
) It is signifi that irrespective of the formula used for esumation f | A nomograph For.esttmatmn of head loss by Modifie
t t at ir : =t

(u1) f:i;ii;:;g;'::z;;nicnz ies necessary to adopt different roggbncss u:efﬁclcm. values presented in the Appendix. 6.3 .
for the various velocity-diameter combinations 1f the fncuf);:al rc(z.lstarllcc l';_ to be 6.2.5 EFFECT OF TEMPERATURE ON COEFFICIENT OF ROUGH nl
2 : : ing the C values, k or or Cy values for the . ! s
acc“m'{e]}' eSUm’flath? mdvotvm%:::)l:sg‘ :§0c1w-dim61Cf combinations are required. AnalYSis carried out to evaluate effect of temperature (v mC??(t%)Co'g ‘;}ODC is 4.5% for a
AFIED HAzEN WL TAMS that the maximum variation of Cr for a temperature range of It e A
e et e L AR diameter of 2000 mm at a velocity of 3.0 m/s. In the light of this revela s

The Modified Hazen Williams formula has been derived from Darcy Weisbach ang

f 20°C.
g resented for average temperature o
Colebrook-White equations and obviates the limitations of Hazen-Williams formula. P

V = 3-83 CRdo 6575 (gS)O.SSZS/ VO 105

(6.8)
Where,
Cr = coefficient of roughness
d = pipe diameter
& = acceleration due to gravity
s = friction slope
vV =

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/CR)"*']/994.62D*8! (6.10)



REDUCTION IN CARRYING CAPACITY OF PIPESWITH AGE

A

Thevaluesof HazenWilliams 60 Cadeat presentarbitrarily reducedoy about20 to 30 percentin carryingcapacityof pipe with
age Studieshaverevealedthat chemicalbacteriologicalquality of waterandvelocity of flow affectthe carrying capacitywith
age

The dataon existing systemsn somecities havebeenanalyzedalongwith the experimentainformation gatheredduring the
studyto bring outa rationalapproacho thereductionin capacityof pipeswith age

The C; valuesobtainedin suchstudieshaveshownthat,exceptin the caseof Cl andsteelpipeswhile carryingcorrosivewater,
the currentpracticeof arbitrary reductionin 'C' valuesas per section6.2.2 resultsin underutilization of pipe materialto the
extentof 38to 71 percentfor Cl pipesfor non-corrosivewater46 to 93 percentfor RCC pipesand25 to 64 percentfor AC and
HDPE pipes

DESIGN RECOMMENDATIONS FOR USE OF MODIFIED HAZEN -WILLIAMS FORMULA

\VA

New ClI, DI, Steel, RCC,AC andHDPE pipesbehavesashydraulicallysmoothandhenceCR of 1 is recommended

For designperiodof 30 years,no redactionin CR needso be effectedfor RCC,AC PVC andHDPE pipesirrespectiveof the
guality of water However,caremustbe takento ensureself-cleansingvelocity to preventformationof slimesandconsequent
reductionin carryingcapacityof thesepipeswith age

For designperiod of 30 years,15 percentreductionis requiredfor unlined Cl and DI pipesof non corrosivewateris to be
transportedThe designmustalsoensureself cleansingvelocity.

While carryingcorrosivewater,unlinedCl, DI, andsteelpipeswill loose47 and27 percentof the capacityrespectivelyovera
designperiodof 30 years Hence,a costtradeoff analysismustbe carriedout betweenchemicalandbio-chemicalcorrection
of waterquality, provisionof a protectivelining to the pipeinteriorsanddesignat reducedCR valuefor ascertaininghe utility
of CI,DI andsteelpipe materialin thetransmissiorof corrosivewaters



RECOMMENDED cy v
)

No.

Pipe Materig)

TABLE 6.4

ALUES IN MODIFIED HAZEN-WILLI2

Diameter(mm)

Velocity(m/9)

—

From

To

From

To

IAMS
T Value
Vhen
New

100 | 2000

03

1.8

100 | 600

03

20

1.00
1.00

TR
EET R

FORMULA (AT 20
Cr Value Fop)

Design Perjy,
of 30 Yeayy

—~

[

Diameter(mm)

Velocity(m/s)

— 3. | HDPE and PVC

20

100

0.3

1.8

1.00

1.00

2| C1/DI
(for water with
positive Langelier's
index)

100

1000

0.3

1.8

1.00

0.85*

5. | CI/DI (For waters
with negative
Langelier's index)

100

1000

0.3

1.8

1.00

0.53*

o

Metallic pipes lined
with cement mortar
or epoxy (for water
with negative
Langelier's index)

100

2000

0.3

21

1.00

1.00

7. | SGSW

100

600

0.3

21

1.00

1.00
0.74

8. | GI (for waters with
positive Langeliers
Index)

15

100

0.3

1.5

0.87*

' 7 ; + 5% in estimation of surface resistance.
¥These are average CR values which result in a maximum error of £ 5% i of surfe

ES ~
6.-2.10 GUIDELINES FOR COST EFFECTIVE DESIGN OF l'-TlPELlN major pOrToen of the
The cost of transmission and distribution system »C“r"_snmtcs a -
project cost. It is desirable to adopt the following guidelines: ‘ der to avoid depositiong
) The design velocity should not be Icssv than 0.6 m/s in Or
and consequent loss of carrying capacity. . should not be less than ¢
(1) In design of distribution systems, ic design velocity Zozrzge deposft")“ and ‘g,
m/s to avoid low velocity conditions Wh_xch may en ¢ where inevitable due .
corrosion resulting in deterioration in quality. Hovevsr;srral’nts, lower velocities
minimum pipe diameter critcria c)r_r_)thcr hydraul_lc <
may be adopted with adequate provision for scourm_g» e of the pipe shall b
(1)  In all hydraulic calculations, the actual internal diamete

adopted after Accounting for the

thickness of hingn if an mnstead «
nominal dianmerer OF o £ Ys oF the

tstde diameters (1))
(v) In Providing for he g loss due
actual head loss calculations base
should be done mnstead of makin

6.3 PIPE MATERIALS

to fitungs, specials and other ApPuricnanc ey,
d on consideration included in subscctioon 6,29
g an arbitrary preyvicion

watcr supply projects and as such CoOnstitute a2 mayor
> Pipes represent a large proportion of the capstal
invested in water supply undertakings and therefore are of particular smportance ‘Therefore
usly sclected net only from the pomnt of view of
includes, besides the Pipc cost, the snstallation and
he required function and performance of the pipchine

durability, life and over all cost which
maintenance costs necessary to ensure t
throughout its designed life time.

6.3.1 CHOICE OF PiprE MATERIALS
The various types of pipes used are:
1. Metallic pipes : Cl, DI, M.S., G.1.
O] Unlined Metallic Pipcs
(i) Metallic pipes lined with cement mortar or epoxy lining;
IT. Non Metallic pPipcs

@ Reinforced Concrete, Prestressed Concrete, Bar Wrapped Steel Cylinder
Concrete, Asbestos Cement

(i)  Plastic Pipes : PVC, Polyethylence, Glass Reinforced Plastic, etc.
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

Several technical factors affect the final choice of pipe 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 1in
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



of cast 1ron and st

istance s _
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oqe 2 as de sop 10
i durability of p1P® AC. PP
(C) T.he life :‘:::ro:‘on; of conct?t.e Z.nd tion' N |
plastic pipe to cracking 2ad disin 8™ ing and laying 2nd e e
P tion, haﬂg Otﬁer prevaﬂiﬂg local conditiong,
ology an

d sizes of pipes and specials,
re

rta
(d) The ease or difficulty of transpo

different conditions of tOpOgﬂPhY’ ge f

- i Of manu actu ' . |

() The safety, economy and av ailability e ibesings e
on mmi

{ tructi
(f) The availability of skilled personnel in cons

intenance.

: ding inherent strength of

i i . :pends on several factors it ing, transportation,

e ipe el e e gy sl i el concol,bandling transpoctation

la;f?glp:ﬂ:?o;tir’xg of the pipeline, surrounding soil condmonswhmer;l e, pipellaEs v B

the design period of pipelines is considered as 30 y;grs.mued iy R asaerep ity
manufactured properly as per specifications, designed and ns

i i nd ma
(® The ease or difficulty of operations a

. N
i life provided the quality *
and strict supervision, some of them have lasted more than the designed P

ipels 1 1 1 aterials even before the
of water is non-corrosive. However, pipcline failures f(:)rl va;inous pllpzkmof igid quality contro
1 1 ‘te e to la .
Xpi have been reported probably du : ’
R . e h'fe i 1 2 >r dest resence of corrosive waters, corrosive
durning manufacture and installation, improper design, p
soil environment, improper bedding and other relevant factors.

Lined metallic pipelines are expected to last beyond the normal des!gn hfg (_)f 30 Ylerai:ls.
However, the relative age of such pipes depends on the th\_ckness a.nd' qua._hty of lining avai able
for corrosion. The cost of the pipe material and its dumbllu"y or design life are the two major
governing factors in the selection of the pipe ma'tcnal. The plpelme may have very long lffe but
may also be relatively expensive in terms of cnp'ua] and recurring 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 cemen

t 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 corrostve ground water. Protection st exteenal B
provided with cement mortar guiniting or hot applied coal-tar asphaltic enamel reinforeod with
fibreglass fabric yarn.

The determination of the suitability in all respects of the - . ¢
decision by the engineer concerned on the bas.ls of the Tequirements );oro:}l: 1s ahmattetcA
checklist in Table 6.7 for selection of pipe material has been Provided to e scheme.

makers in selecting the economical and reliable pipe material for the siven Cf;n.c:lhi:;: :'he decision

PiPeline for an

6.4 WCAST IRON PIPES

6.4.1 GENERAL

Most of the old Cast Iron pipes were cast vertically but this typcdb::qel:::nof!a;%‘;lz)

erceded by centrifugally spun cast iron type mar?ufaftturcd upto 2. ;\ o i tensile
- (1S- 1536-1989). Though the vertically cast iron pipe is heavy in weig L, lo 4 lastin
mmn h, and liable to defects of inner surface, it is widely used becausc. of its goo t _VE
;“u:hf:s.’ There are many examples of cast iron mains in this country which continue to gi

satisfactory service cven after a century of use.
4

! ‘ . i { eveta.l CAfrS. Due to
= l ’l . flt[lllgs are beﬂlg manufa.ctured n thIS COUﬂtly fOf S y
ts S"e"g[h a"d C()t‘OS.O" teSiSta"Ce C I ipe 1 'V 1 d fOf waters Of
! 4 y el pxp(.s can bC USCd in COrrosive SOlIS an .
‘ { 1 efe ta m

. . . . . . l e
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 variety of
Jomnts arc available including socket and spigot and flanged joints,

The pipes have been classified as LA, A and 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 1

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

A pipes

rease in thickness over class LA,



; sed for convey;

When the pipes ar€ (@ be u ying
. e. . e .
The pipes are spigot and socket tyPe: y constrtuent soluble in water or any ;.

any

insi ing shall not containl

water, the inside coating shal

' hatsoever
which could impart any taste ot odour W
suitable washing of the main.

s were started in 1914 by a French gy,
n pip

el

Experiments in centrifugal casting of 110 : f spun pip
. o
which ultimately resulted in commercial production eater tensile strength of the SPun ;
the weight of vertically cast pipes of the same class. The gt

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

6.4.2 LAYING AND JOINTING . lui
Before laying the pipes, the detailed map of the area showing the alignment, sluice v

scour valves, air valves and fire hydrants along with the etxlstmg mt:rfjgtlt!:g Sewery,
telephone and electric cables and gas pipes will have to 'be studied. Care s o e ta!ien_in :
avoid damage to the existing sewer, telephone and electric cables and gas pipes. The pipeline f
may be laid on the side of the street where the population is dense. Pipes are laid

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

Laying of cast iron
regulations laid down by the various munici
intended to ensure proper la
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
roadway a minimum cover of 1.0 m j

AR -

to the potablﬂ water, after Ste’ﬂizaﬁon
o ;

es. Spun pipes are aboy, 3“4

at of a vertically Cast Iron Pipe

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

e S onfirmation may be obtained by pouring a
little kerosene on the inside of the Ppe at the suspected spot. If a crack is present the
kerosene seeps thrm.Jgh 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 €quipment 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 coatin

g maternal 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
t beneath the heavy loads, suitable size of casing pipes or culverts may be provided to pl:ICCt
’ﬂ'le casing of pipe. High pressure mains need anchorage' at dead "e.nsls and benhs as
¥appreciable 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 gradi.ents and the rcsxstanc:]of
itheir joints to longitudinal or shear stresses is either exceeded or inadequate. They z::lre ;o
fused to restrain or direct the expansion and contraction of rigidly joined pipes under the

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

bvith 1.S. 5330-1984.

shall provide not less than 200mm clear
be provided at positions of sockets an
shall also be sufficient to permit finishing of j

6.4.2.2 Handling Of Pipes

6.4.3 JOINTS

Several types of joints such as rubber gasket joint known as Tyton joint, meccl"lamca] joint
eve :  Jomt n !
known as Sciw Gland joint, and conventional joint known as Lead joint are use

p.4.3.1 Categories Of Joints | | | i

» Joints are classified into the following three categorics depending upon their capacity for
oin

pnovement.

While unloading, pipes shall not be thrown down but
inclined timber skids. Pipes shall not be

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

The pipes and fittings shall be mnspected for defects

®) Rigid joints
preferably while suspended, to detect cracks. Smearing t

ngl(l ]()]nts are th()se W]Ii(:ll ad!llit no movement at ﬂ-“ z“ld C()“l‘“i.\‘c ()‘ “a“ged, \Vclded
s . . e . | ’
- d tu d d bO ed ioin S I langed ioints rcquirc pcffect allgf\"lcn[ :1nd Cl()‘\c ‘l(nng& arc
- me an T ts.

and be run . )
he outside \fitwwh a light hammef,

h chalk g, helps in



| - | () Sum of the maximum sustamncd operating pressure and the masmmumr surge
E . raken such as a 1¢ valveg )
l-'-“"‘-‘i'-"i‘“lll\' used where a longrudimal thrust must be I'-}L\U \\r csed Abre b S:\ an e pressure.
The . . o os shall be of compres ard or n, . .
: ‘Ll\g"l:jl\(,lﬁ uscd between flanges of pipes sh s line of pipes with the ad\-anammu} d Sum of the maximum pipchine static pressure and the maximum urge precoure
svatheuce rubber Welded jomnts produce a con Iy and are not subsequentdy g; n e’hat subject to a maximum cqual to the work test prescure for any cipe firnge
“l“t-‘nnr and exterior coatings can be made properiy S“’Ptedb, incorporated.
the movement of joints
(s, ,

l ‘1The ficld test pressure should wherever possible be not less than 2773 word rest pre <

(L) Semi Rigid joints , lked 1 appropriate to the class of pipe except in the case of spun iron pipes and <hould Lo appie
. o .ocket with caulked lead jo; : : . T e e
Semi nigad joint is represented by the splgnl_and hof:ll'\}ft Y fiched S OF thLOIgt. A sop. and maintained forbatlcast four hours. If the visual inspection saticfics thar theee | n

nigid joint allows partial movement due to vibranion etc. 1h¢ Pipe shy, 4 lcakage, the test can be passed.

be kept against the flow of water and the spigot cnd.o.f [hC‘ 0tl"tz:jrbplp;:l ls’ inserted ing,
socket. A twisted spun yaen is filled into this gap and 1t 18 ﬁdlu}im K the ):l“jmﬂg tool_

then caulked well. A rope is then placed at the outer end of the soc ;t an 1:3drnade tighy ¢
by applying wet clay, leaving two holes for the escape of the entrappe ?‘f ‘;;5' e. The rgq,.
taken out and molten lead is poured into the annular space by means of a funnel. The ,, 3
then removed and the lead is caulked with a caulking tool. Legd wool may be used i ,

conditions. Lead covered varn is of great use in repair work, since the leaded yam ¢,
into place will keep back water under very low pressure while the jont 13 being made.

(c) Flexible joints applied.
Flexible joints are used where rigidity is undesirable such as w1tl} filling of grany
medium and when two sections cannot be welded. They comprise m'funly mechanical ;"
rubber ring joints or tyton j.oint§ which permit some degree o.f _deflectlon at each joint anfl pressuse for
are therefore able to stand vibration and movement. In rubber jointing special type of mub '.
gaskets are used to connect cast iron pipe which are cast with a special type of spigot ufll
socket in the groove, the spigot end being lubricated with grease and slipped into the soc§
by means of a jack used on the other end. The working conditions of absence of ligiili.
presence of water and relatively cool uniform temperature are all conducive to
preservation of rubber and consequently this type of joint is expected to last as long as t
pipes. Hence, rubber jointing is to be preferred to lead jointing.

Where the field test pressure is less than 2/3 the work test preseure, the penind of re
. should be increased to atleast 24 hours. The test pressure shall be gradually ramed at the rat

of 1 kg/cm?/min. If the pressure measurements are not made at the louest ¢ oant <
: section, an allowance should be made for the difference in static head bers cen the In

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 r.
re-establish the test pressure should be carefully measured. This should not exceed ‘1.1 iitre
;. per mm of pipe diameter per KM of pipeline per day for each 30 metre head of pressurc

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 installation and the wr rkin.

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

(611

Where,
6.4.4 TESTING OF THE PIPELINE oL = Allowable leakage in cm’/hous
SAAASenerel N = No ofjoints in the length of pipe line
ter laying and jointing, the pipeline must be pressure tested to ensure that pipes 8 . .
joints are sound enough to withstand the maximum pressure likely to be developed D Duametes i mm
working conditions. P = The average test pressure during the leakage test in kg/cmy’
6.4.4.2 Testing Of Pressure Pipes where any

The field test pressure to be imposed should be not less than the inum of |
follov ng: m

(a) 11/2 tmes the maximum sustained operating pressure

(b) 1 1/2 times the maximum pipeline static pressure.

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 pupes.,
whereas, twice this figure may be taken for steel and prestressed concrere pipes



N . )

) f rich cement mortar is applied a

;\'Fo.“noo, by welding but lead or other
w:l‘ded joint is to be preferred. In are

fexible joints must be provided to isola

Ot or cold, are not recommended The
a3 pProne to subsidence this joint 1s sansfactory but
te valves and branches.

When welding l;;jﬂtptcdl.dplain-endeq P'Pes may be jointed by burt welds or sleeved
Pipes-by mclﬂ-‘;)co le “: s. For I‘Y"_‘B long straight lengths of pipchines, butt joint
technique may cmployed. The steel pipes used for water supply include hydraulic lap

» welded, electric fusion welded, submerged

* codes indicated in Appendix 'C'.
i For hydraulic testing of steel pipelines,
:Tb and ductile iron pipes may be followed.

A
.

y 6.6 DUCTILE IRON PIPES
6.6.1 GENERAL

the procedure described for cast iron spun pipes

Ductile Iron is made by a metallurgical
into molten iron of low sulfur content.
precipitate in the form of microscopic (
in ordinary cast iron. The spheroidal gra
It possesses properties of high mecha

process which involves the addition of magnesium
The magnesium causes the graphite in the iron to
6.25 micron ) spheres rather than the flakes found
phite in iron improves the properties of ductile iron

nical strength, excellent tmpact resistance and good
, casting qualities of grey cast iron. Ductile iron pipes are normally prepared using the

. 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 pHl 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 centnf

ugally cast ducule
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 lThese pipes are being
manufactured in the country with ISO 9002 accreditation.

i
b}
L

Ductile iron pipes have excellent properties of machinabihity, 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] ppes  The duonlde
ifon 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
service regulations. These pipes are approximately 30%u hghter than convennonal «ast iron
Pipes.



