diameter) and relative roughness (d/k). For Reynolds number greater than 107, the friction
factor ‘£’ (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 “ 7 {and
hence the C value) do depend on Diameter, Velocity and relative roughness,

PVC, Glass Reinforced Plastic {GRP) and other plastic pipes are inherently more smooth
compated to Asbestos Cement (AC), Concrete and cement mortar/epoxylined metallic
pipes. Depending on quality of workmanship during manufacture and the manufacturing
process, the AC, Concrete and cement mortar/epoxylined metallic pipes tend to be as
stnooth as PVC, GRP and other plastic pipes.

The metallic pipes lined with cement mortar or epoxy and Concrete pipes hehave as
simooth pipes and have shown C values ranging from 140 to 145 depending on diameter and
velocity, Reference may be made to ™ Manual of Water Supply Practices”, AWWA/MY
published by Amerncan Water Works Assocation (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 intemnal hinings,  AC,
Concrete and cement mortar/ ff‘p()‘{'}fﬁﬂ{id metallc gﬁi;:}::“ PVC, GRP and other plastic pipes
may not show any significant reduction in their carrying capacity with age and therefore the
design roughness coeflicient values (O values) should not be substantially different from
those adopted tor new pipes.

However, pipes carrying raw water are susceptible to deposition of silt and development
of organic growth resulting in reduction of catry g mpaczty of such pipes. In case of itamidup
of substantial growth /buldup of deposits 1n such pipes, they can be removed by scraping
and piggmg the pipelines. Reference may be made 1o € h'ip%m 10 sectton 10.3 of this manual
{"Preventive mamntenance- cleaning of pipes”).

Unlined metallic pipes under several ficld conditions such as carrying waters having
tendency for incrustation and corrosion, low flow velocity and stagnant water and alternate
wet and dry condiions (resulting from interraittent  operations), undergo  substantial
reducion mn thetr carrying capacity with age. Thetefore lower “C” walues have been
recornmended for design of unlined metallic pipes. As such, use of unlined metallic pIpes
should be discouraged.

The values of the Hazen-Williams coefficient ‘C° for new conduit materials and the values
to be adopted for design purposes ate shown in Table 6.1,
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Table 6.1: HAZEN - WILLIAMS COEFFICIENTS

Pipe Material Recommended C Values

@
New P:p&sc“

Pesign Purpose

Unlined Metallic Pipes

Cast Iron, Ductide Tron 130
Mid bteel 140
Galvamzed Tron above 30 mm dia, # 120
Calvanized Tron 50 mim dia and 120

below used for house service
connections. #

Centrifugally Lined Metallic

Pipes

Cast lron, Ductile Tron and Mild
Steel Pipes lined with cement mortar
or Lipoxy

Up o 1200 mm dia 140
Above 1200 mm dia 145

Projection  Merhod Cement
Mortar Lined Metallic Pipes

Cast lron, Ductilde Iron and Mild 130"

Steel Pipes

Non Merallic Pipes

RCC Spun Conerete,

Prestressed Concrete

Lp to 1200 mm dia 146
Above 1200 mm dia [
Asbestos Cement '* 150
PV, GRP and other Plastic pipes. 150

110

140
145
140
145

@

Fhe L vatues for new pipes included in the Table 6.1 are for determining the acceptability
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of surface finish of new pipelines. The user agency may specify that flow test may be
conducted for determining the C values of laid pipelines.

# The guality {y" gfm)wzz“mg should be in accordanze nith the relevant standards to ensure
ft’ﬂffaﬂfe lo corrosion ibmztgffﬁ out ils design life.

*  Forpipes qf diameter SO0 mm and above; the range of C valwes may be from 90 to 125
Jor pipes less than 500mm..

®X I the absence of specific data, thiv value is recommended, Floweer, in case anthentic Sfield
data i5 available, bigher values upto 130 may be adopted

The coefficient of roughness for use in Manning's formula for different matedals as
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 g general design purposes, however, the value for all sizes may
be taken as 0.013 for plastic pipes and 0.015 for other pipes.

Table 6.2 : MANNING'S COEFFICIENT OF ROUGHNESS

Type of lining Condition 1

Glazed coating of  In perfect order | 0.010

enamel Timber
(a) Plane boards carefully laid 0.014
b} Plane Boards inferior u}(}rkmmship or aged, 0.010
(¢) MNon-plane boards carefully laid 0.016
(d) Non-plane boards inferior workmanship or 0.018

aged

Masonry (a) Neat cement plaster 0.013
(®) Sand and cement plaster .015
(c) Concrete, Steel troweled 0.014
(d)y Conctete, wood troweled 0.015
{e) Brick in good condition 0.015
(f) Brick in rough condition 0.017
(g) Masonry in bad condition 0.020

Stone work (a) Smooth, dressed ashlar 0.015
{b) Rubble set in cement 0.017
(c) Fine, well packed gravel 0.020

Earth (a) Regular surface in good condition 0.020
(b) In ordinaty condition .025
{c) With stones and weeds 0.030
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Type of lining Condition n
(d) In poor condition 0.035
() Partially obstructed with debris or weeds 0.050
Steel (a) Welded 0.013
(b) Riveted 0.017
(c) Slightly tuberculated 0.020
(d) Cement Mortar lined 0.011
Cast Tron & (a) Unlined 0.013
Ductile Tron by Cement mortar lined 0.011
Asbestos Cement 0.012
Plastic (smooth) 0.011

Note : Vades of n may be laken as 0.015 for undined metallic pipes and 0.011 for plastic and other
smooth pipes.

The friciion factor values m practice for commonly used pipe matenals are given in Table 6.3.

TABLEG.3: RECOMMENDED FRICTION FACTGRS
IN DARCY-WEEISBACH FORMUILA

Sk Mo Pipe Material Diameter(imm) Friction Factor
For Design
From To New Period of 30
Years
1. R.LC.C 100 2000 1 001 1o 0.02 0.01 o 002
2 AL 100 GO 0.01 o 002 0.01 1o 0.02
i HDPE/PVC 20 1060 0.01 o 0.02 001 o 0.02
4. SGSW 100 600 0.01 to  0.02 001 1o 0.02
5. CL 100 1000 1 001 w002 0.053 o 0.03
{tor cotrosive
waters)
6. C. 100 1000 | 001 to  0.02 0.034 to  0.07
{for non-corrosive
waters)
7. Cement Mortar or 106 2000 0.01 1o 0.02 01 o 0.02
Epoxy Lined
metallic pipes
(Cast [ron, Ductile
Iron, Stecl)
8. GlL 15 100 10.014 to 0.03 | 0.0315t0  0.06
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(Reference may be made to LS. 2951 for calculation of Head Loss due to friction according
to Darcy-Weisbach formula).

"6.2.3 HAZEN-WILLIAMS FORMULA

The commonly used Hazen-Williams formula has following inherent imitations:

(i) The numerical constant of Hazen-Williams formula (1.318 i FPS umits or 0.85
in MKS units) has been calculated for an assumed hydraulic radius of 1 foot and
friction slope of 1/1000. However, the formuda is used for all ranges of diameter
and friction slopes. This practice may result in an error of upto  30% i the
evaluation of velocity and + 55% in estimation of frictional resistance head loss.

ity The Darcy-Weisbach formula 1s dimensionally consistent. The Hazen-Wilbams
coefficient C is usually considered independent of pipe diameter, velocty of flow
and viscosity, However to be dimensionally consistent and to be representative
of friction conditions, 1t must depend on relative roughness of pmpe and
Reynold's naumber. A companison between estimates of Darcy-Weisbach friction
factor f, and its equivalent value computed from Hazen-Williams C for different
pipe materials brings out the error i estimation of {7 upto Z45% in usmg
Hazen Willtams formula. It has been observed that for higher 'C' values {new
and smooth pipes) and larger diameters, the error 1s less, whereas it s apprecmble
for lower 'C' wvalues {old and rough pipes) and lower diameters at higher
velocities,

(i) The Hazen-Williams formula s dimensionally inconsistent, since the Hazen-
[ - N f mow 1T e f .
Williarns C has the dimension of 1.7 T and therefore is dependent on units
employed.

6.2.3.1 Discussion On Various Formulae For Estimation Of Frictional
Resistance

(1)  With a view to avoid the limitations of the Hazen Willams formula, the present
trend is to use the Colebrook-White equation for estimation of friction factors
and then use the Darcy-Wesshach formula for estimation of head-loss due to
friction in the pipelines. This practice will yield correct results compared to the
Hazen Williams formula.

The estimation of Darcy’s € for varations i velocity and diameter mvolves
repetitive and tedious calculations,  Further, there is a need for assuming a
correct k value mn the Colebrook-White equation for caleulation of frction
coefficient ‘F 1n the Darcy-Weisbach formula. Conservative assumption of &
values will also result i under-utihization of carrving capacity of the pipes.
However it 15 recommended that  frictional losses should be estimated with
Darcy-Weisbach formula by changing ‘€ values for varying velocity and diameter
combinations and assuming a correct k value i the Colebrook-White equation.
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Recommended K’ values for use in Colebrook-White formula are shown in 6.2.1 (d).

If there 15 2 chowe for use of pipe friction formulae, Darcy-Wiesbach yields
accurate results but involves extra computational effort and therefore Hazen-
Wilthams (HW) formulz s commonly used. The Modified Hazen Williams
{(MHW) formula being an iunprovement was suggested for use i lieu of HW
formula. The MHW formula shown in Para 6.2.4 1s derived from Darcy-
Weitsbach (DW) and Colebrook- White equations. Since the friction coefficient
depends on relative roughness of pipe and Reynolds number; C; values also have
to be varied for various dumeter and velocity combinations to give correct
estimation of the frictional resistance which also results in extra computational
efforts. Average Cy values are given in Table 6.4 for use in the Modified Hazen
Williams formula which will estimate fris<inal resistance within %5% accuracy as
per Table 6.4, Darcy-Wessbach formuia couplea with Colebrook-White equation
gives most accurate results followed by modified Hazen-Williams  formula and
Hazen-Williams formula.

It 15 significant to note that irsespective of the formula used for estimation of
frictional resistance, it is necessary to adopt different roughniess coefficient values
for the various velocity-diameter combinations if the frictional resistance is to be
accurately estimated involving changing the C values, k or *f or Cy values for the
same pipe material. Tn design, various velocity-diameter combinations are required.

6.2.4 MoODIFIED HAZEN-WILLIAMS FORMULA

The Modified Hazen Williams formula has been derived from Darey-Weisbach and
Colebrook-White equations and obviates the limitations of Hazen-Williams formula.

V = 3.83C, do‘fxsfks (gs)o'%’% / Yo (6.8)
Where,
Cy = coefhicient of roughness
d = pipe diameter
g = acceleration due to gravity
s = friction slope
V= wviscosity of liquid

G

For circular conduits, v,.°. for water = 10°m?®/s and g = 9.81 m/s’

The Modified Hazen Williams formula derived as

V = 143,534 C, 297 052 (6.9)
h= [L(Q/C")/994.62D** (6.10)
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n which,

Vo= velocity of flow i m/s;

Ca = pipe roughness coefficient; (1 for smooth pipes; <1 for rough ppes);
t = hydraulic radius 10 my

s = frction slope;

D = 1nteral diameter of pipe in my

h = fricoon head loss in myg

I. = length of pipe i m; and

Q = flowin pipe i m’/s.

A nomograph for estimation of head loss by Modified Hazen-Williams formula s
presented i the Appendix. 6.3.

6.2.5 EFFECT OF TEMPERATURE ON COEFFICIENT OF ROUGHNESS

Analysis carrted out to evaluate effect of temperature {(viscosity) on value of € » reveals
that the maximum varation of Cr for a temperature range of 10'C to 30°C is 4.5% for a
diameter of 2000 mm at a velocity of 3.0 m/s. In the light of this revelation, Cr values are
presented for average temperature of 20°C.

6.2.6 EXPERIMENTAL ESTIMATION OF Cr VALUES

The coefficients of roughness in vatous pipe formulae are based on experiments
conducted over a century ago. The values of Hazen Willtlams €, Mannings n and roughness k
values m Moody's Diagram have also been used on expermmental data collected 1 carly
nineteenth century. ‘There have since been major advances i pipeline technology. Both the
manufacturing processes and jointing methods have improved substantially over the years
and newer pipe materials have come into use. Continued usage of roughness cocticients
estimated without recognition of these advances is bound to tesult i conservative design of
water supply systems. Accordingly Cp values of commonly used commercial pipe matersals
have been experimentally determined m a study conducted withm the country. This study
covered pipe diameters 100 to 1500 mm over a wide range of Reynold’s Numbers (3 x 107
to 1.62 x 10°) encountered in practice. The results indicate that cenrifugally spun CI, RCC,
AC and HDPE pipes behave as hydraulically smooth when new and hence, Cr =1 for these
pipes.

The use of Hazen Willlams ‘C” as per Table 6.1 results in under utilization of above pipe
material when new. The extent of under utilization varies from 13 to 40 percent for CI pipes;
23 percent for RCC and AC pipes; and 8.4 percent for [TDPL and PVC pipes.

6.2.7 REDUCTION IN CARRYING CAPACITY OF PIPES WITH AGE

The values of Hazen-Williams “C arc at present arbitranly reduced by about 20 to 23
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percent in carrying capacity of pipes with age. Stadies have revesled that chemical and
bactetiological quality of water and velocity of flow affect the carrying capacity of pipes with age.
the data on existing systems i some cities have been analyzed along with the experimental
mbormation gathered during the study 1o bring out 2 rational approach to the reduction in carrving
capacity of pipes with age.

The i values obtained in such studies have shown that, except in the case of ClL and stecl pipes
while carrving corrosive water, the current pracuice of arhitrary reduction in ‘C7 values as per Sec.
6.2.2 results i under nilization of pipe matenal © the extent of 38 o 71 percent for Cl pipes for
ron-corrosive water; 46 1o 93 percent for RCC pipes and 25 to 64 percent for AC and HIDPE pipes.

6.2.8 DESIGN RECOMMENDATIONS EOR USE OF MODIFIED HAZEN-WILLIAMS
FORMULA

The following design recommendations ate made to ensure effeciive utthization of pipe carrying
CAPRCILY.

F3EY

L4

)

(i)

(v)

New CI DL Steel, RCC, AC and HDPE pipes behave as hydravlically smooth and
hence CR of 1T is recommended. :

For design period of 30 years, no reduction in CR needs to be eftected for RCC, AC,
PV and HDPE pipes irrespective of the guality of water. However, care must be
taken to ensure self-cleansing velocity 1o 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 sequired for unlined CI and DI
pipes if non-corrosive water is to be tean sported. The design must also ensure selfs
cleansing velocity.

While carrying corrosive waters, unlined CI, 131 , and steel pipes will loose 47 and 27
percent of their capacity respectively over a design period of 30 years. Hence, a cost
trade-off analysis must be carried out between chetnical and bio-chemical correction of
watet quality, provision of a protective lining to the pipe interiors and design at recduced
CR value for ascertaining the utility of CI, DI and steel pipe maferial in the
transmission of corrosive waters.

Recommended CR values are presented Table 6.4. The use of the recommended values in
conjunction with Modified Hazen-Williams formula or the nomograph will permit fuller utilization
of pipe materials.

TABLE 6.4
RECOMMENDED Cr VALUES IN MODIFIED HAZEN-WILLIAMS FORMULA (AT 20°C)
18 Pipe Material Diameter(mm) | Velocity(m/s) | Cg Value | Cg Value For
Mo When | Design Period
; New of 30 Years
l From To From | To
1 RCC 100 2000 0.3 1.8 1.00 1.00
2. T AC 100 GGO .3 2.0 1.00 1.00
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Diameter(mm} | Velocity(m/s)

3. HIDPE and PVC 20 106 0.3 1.8 1.08 1.00

4. C1/11 100 1000 (.3 i.8 1.06 {3.85%
{for water with
posttve Langehet's
index)

5. CI/DT (For waters 100 1000 3 18 1.00 {353
with negative

Langelier's index)
6. Metallic pipfzs lined 106 2000 0.3 2.1 1.60 1.04
with cement mortar
or epoxy {for water
with negative
Langeliet's index)

A E | 100 | 600 | 03 | al 1.00 1,00
8. 1 GI {for watess with 15 100 0.3 1.5 0.87% 0.74
positive Langeliers
Index)

¥l bese are average CR values which resull in a macnoy crvor of T 5% in estimation of surface resistance.
6,2.9 RESISTANCE DUE TO SPECIALS AND APPURTENANCES
Pipeline reansitions and appurtenances add to the head loss, which v expressed as velocity

p v oy , o N i . B
head as K V?/ 2g where V and g are in m/s and m/sec” respectively or equivalent length of

......

equivalent length of pipe for different sizes of various fittings with K=1 are given in Table

6.0.
TABLE 6.5 K-VALUES FOR DIFFERENT FITTINGS

Tvpe of Fituny Value of K

Sudden contractions 0.3% - 0.5

Entrance shape well rounded 0.5

Elbow 90° 0.5 - 1.0
45" 0.4-0.75
22° 0.25 - 0.50

Tee 90" take-off 1.5

Straight run 0.3




Type of Fitting Value of K
Coupling 0.3
Gate valve (open) 0.3% .04
With reducer and increaser (.50
Globe 10.0
Angle 5.0
Swing check 25
Venturi Meter 0.3
Orifice 1.0

*Varying with area ratios.

**Varying with radus ratigs.

TABLE 6.6 : EQUIVALENT LENGTH OF PIPE FOR DIFFERENT SIZES OF HTTINGS

I AIHK=1 =~
Size n mm | Equivalent length of pipe | Size mmm | Equivalent length of pipe in
tn metres ' metres

10 o 0.3 65 2.4

15 0.6 80 30
ST 075 90 36
25 0.9 100 42

32 1.2 125 51
40 1.5 150 6.0
50 2.1

W f?.lﬂ GUIDELINES FOR COST EFFECTIVE DESIGN OF PIPELINES
’ 1

he cost of transmussion and distribution system constitutes a major portion of the
project cost. It 1s desirable to adopt the following gudelines:

J (1) The design velocity should not be less than 0.6 m/s in order to avoid depositions
and consequent loss of carrying capacity.

() In design of distribution systems, the design velocity should not be less than 0.6
m/s to avoid low velocity conditions which may encourage deposition and/or
corrosion resulting i deterioration in quality. However, where inevitable due to
mintmum pipe diameter criteria or other hydraulic constraints, lower velocities
may be adopted with adequate provision for scouring,

() In all hydraulic calculations, the actual internal  diameter of the pipe shall be
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adopted after accounting for the thickness of lining, if any, mstead of the
nominal diameter or outside duameters (OD).

(1v) In providing for head loss due to fttings, specials and other appurtenances,
actual head loss calculations based on consideration tncluded in subsection 6.2.9
should be done instead of making an arbitrary provision.

6.3 PIPE MATERIALS

Pipelines are major investments in water supply projects and as such constitute a major
part of the assets of water authorities. Pipes represent a large proportion of the capital
invested in water supply undertakings and therefore are of particular importance. Therefore
pipe muaterials shall have to be judiciously selected not only from the point of view of
durability, life and over all cost which ncludes, besides the pipe cost, the installation and
maintenance costs necessary to ensure the required function and performance of the pipeline
throughout its designed life tune,

6.3.1 CHOICE OF PIPE MATERIALS
‘The various types of pipes used are:
I Metallic prpes : C.1, DL, M5, G1
() Unlined Metallic pipes
(i) Metallic pipes lined with cement mortar or epoxy lining,
I Non Metallic pipes
(i} Reinforced Concrete, Prestressed Concrete, Bar Wrapped Steel Cylinder
Concrete, Asbestos Cement _
(i)  Plastic Pipes : PVC, Polyethylence, Glass Reinforced Plastic, ete.

The determination of the suitability in all respects of the pipes and specials, for any work
is a maiter of decision by the Engineer concerned on the basis of requirements for the
scheme.

Several technical factors affect the final choice of pipe materal such as internal pressures,
coefficient of roughness, hydraulic and opetating conditions, maximum permissible diameter,
internal and external corrosion problems, laying and jointing, type of soil, spectal conditions,
erc.

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

(a) The initial carrying capacity of the pipe and its reduction with use, defined, for
example, by the Hazen-Williams coeffictent C.

Values of C vary for different conduit materials and their relative deterioration i
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
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external loads.

(¢) The life and durability of pipe as detesmined by the resistance of cast iron and steel
pipe to corrosion; of concrete and A.C. pipe to erosion and disintegration and
plastic pipe to cracking and disintegragon.

(@) The ease or difficulty of transportation, handling and laying and jointing under
different conditions of topography, geology and other prevailing local conditions.

(¢} The safety, economy and avatlability of manufactured sizes of pipes and specals.
(fi The availability of skilled personnel in construction and commussioning of pipelines.
(@) The ease or difficulty of operations and masntenance.

The life and durability of the pipe depends on several factors including inherent strength of
the pipe maierial, the manufacruring process along with quality control, handling, transportation,
laying and jointing of the pipeline, susrounding soil conditions and quality of water. Normally,
the design period of pipelines is considered as 30 years. Where the pipelines bave been
manufactured properly as per specifications, designed and installed with adequate quality control
and strict supervision, some of them have lasted more than the designed life provided the quality
of water 15 non-corrosive. Fowever, pipeline failures for various pipe materials even before the
expiry of the designed life have been reported probably due to lack of rigid quality control
during manufacture and wstallation, miproper design, presence of corrosive waters, corrosive
sod environment, improper bedding and other relevant factors.

Lined metallic pipelines are expected 1o last beyond the normal design hfe of 30 years.
However, the relative age of such pipes depends on the thickness and quality of hming avatdable
for corrosion. The cost of the pipe material and its durabiity or design lifc are the two major
governing factors i the selection of the pipe matenal. 'Mi;)eline may have very long life but
fm:.m%_ relatively expensive in terms of capital and recurrmg costs and, therefore, 1t 18 ver
necessary 1o carryout a detatled economue analysss before selecting 2 pipe matersal,

P

The metallic pipes are being provided with internal kning either with cement mortar or epoxy
50 as to reduce corrosion, increase smoothness and prolong the life.

Underground metallic pipelines may require protection against external corrosion depending
on the soil environment and corrosive ground water. Protection agamst external corrosion 1s
provided with cement mortar guiniting or hot applied coal-tar asphaltic enamel remnforced with

fibreglass fabric yam.

The determination of the sustability in all respects of the pipeline for any work s a matter of
decision by the engineer concerncd on the basis of the requirements  for the scheme. A
checklist n Table 6.7 for selection of pipe material bas been provided to facihitate the decision
makers in selecting the economical and reliable pipe material for the given conditions,
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Use of this checklist is strongly recommended for large and medium projects (more than
15 Mldy. The checklist can be filled up based on the merits and demerits of relevant pipe
materials. 1t i3 necessary that a quantitative and qualitative assessment 15 made to arrive at
the most economical and reliable pipe material.

The project report should include provisions for addressing the less favourable attributes
along with the cost estimates for the same. Risk factors should be identified and stated
clearly in the project report. Risk analysis should be carried out to arnve at the correct
deciston 1 selecting the pipe material.

6.3.2 CHECK LIST FOR SPECIFICATIONS FOR MANUFACTURE,
SUPPLY, LAYING, JOINTING, TESTING AND
COMMISSIONING OF PIPELINES

6.3.2.1 GENERAL

Water utilities often procure pipes from one manufacturer/supplier under one contract,
procure the valves and fittings from another manufacturer/supplier under ancther contract
andd have them mnstalied under another contract rather than entrustng the entire work of
Manufacture, Supply, Laymg, jointing, Testing and Commussioning of pipelines to a single
agency. This procedure is resorted to on the plea that it results in economy and saves time.

Ir 15 seen that wherever single contracts are not awarded for the entite wotk of
Manufacture, Supply, Laying, Jointing, Testing and Commissioning of pipelines to a single
agency, the responstbility for performance of the pipelines could not be assigned to any
particular agency. Time delays if any, in procutement of fittings and valves will also affect
the completion of the contract and also results in cost overruns. Quite often, at the ume of
commussioning, deficiencies are noticed which might be due to faidure at the manufacturing
stage or due to transportation handling, or laying/jomnting defects or falure of fittings and
valves.

Hence 1t 15 desirable that all pipeline contracts are awarded on a single contract
responsibility so that quality assurance at various stages of manufacture, supply, delivery,
laying, jointing and testing is taken care of by a single agency and the timely completion also
rests with 2 single agency; this may result in receipt of competitive offers and hence results in
economy. Further, the water utdity’s time and resources which otherwise are spent in
monitoring the performance of scveral small contracts can be better utilised for quality
management of the contract. This may ensure economy by timely completion and quality
CONStruciion.

However 1t 1s necessary that the specifications for single contract responsibility have to be
comprehensive and provide for penalty in delays so that the time and cost over runs can be
avorded. There will be several site specific conditions and circumstances for the pipeline
wstatlations which vary to such an extent that it s very difficult to recommend a simple/
single all inclusive set of specifications for the pipeline contracts. A check list for drafting
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spectfications  for Manufacture, Supply, Laying, Jomting, Testing and commisstomnng of
pipelines for procurement through a single agency is furnished. Judicious selection of items
which cover cross country or city mstallations is required,

6.3.3 CHECK LILST FOR SPECIFICATIONS FOR MANUFACTURE,
SUPPLY, LAYING, JOINTING, TESTING AND
COMMISSIONING PIPELINES

PARTI PROCUREMENT

Section 1 - General

L1 Scope of work

12 Definitions of client, contracior, ETEHICCr efc,
L3 Drawings and documents reforred o

1.4 Reference Standards

1.5 Penal clauses for failure to meet the time schedule & performance standards and
requirernents.

1.6 Basis for Prices; to include all pipes, fittings, valves, jomnting materials, including
labour, cost of factory testing, lining, coating, marking and all other incidental
expenses for manufacture, fransportation, insurance and delivery at site. (any
exclusions/inclusions may be clearly specified)

Section 2 - Detailed Requirements - Pipes

21 Material for pipes (standards for materials), manufactudng operations, testing and
mspection

22 Drameter of pipe

2.3 Wall thickness/other dimensions of the pipe

24 C(lass of pipe

25  Laying length

2.6 Pipe ends-flanged-socket/spigot/plain

2.7 Special pipe lengths and special fittings

2.8  Working Pressures

29 Pipe lining and coating both for buried and exposed pipes
Section 3 - Transportation and delivery at site

3.1 Type of trucks used for transportation-length /weight

3.2 Handling equipment for loading and unioading
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Section 4 - Field Joints for Pipes
4.1
4.2
4.3

Requirements for machined couplings/ends
Flanged/joints, pitch circle, blots type, gasket quality

Welded joints-runs-thickriess

PART i1 INSTALLATION
Section 1 - Instruction to Bidders

1.1
1.2
1.3
1.4

Procedure for invitation of bids
Instructions to bidders
Bidders proposal to include plan/programme for construction

Agreement and performance bonds

Seciion 2 - General Specifications

2.1
2.2
2.3
2.4
2.5

Definitions

Scope of Work

Payment conditions

Statutory Requirements- Payment of wages-Policy-Envitonment control-safety

Personnel

Section 3 - Detailed Specifications

31
32

3.3
3.4
3.5

3.0
3.7
38
3.9

Time Schedule

Construction facilives - Right of way - storage space - interference with other
SEIVICES

Work and matertals

Concrete

Eixcavation - Bracing of excavation - Safety to public - Disposal of excess material
from excavation

Maintcm};ce‘., removal and reconstruction of other interfering facihties
Safeguarding of excavations and protection of property

Backfill

Resurfacing of roads within city and outsude

Section 4 - Pipes

4.1
4.2
4.3
4.4
4.5

Approval of drawings for laying
Distribution along trench
Preparation of bedding

Lowering and layving

Jomting



4.6  Inspection and tests

4.7  Bends, manholes, outlets

4.8  Joints- Flanged , bolting materials and gasket- machined ends - welded joints

4.9  Field touch up of site joints.

6.4 CAST IRON PIPES
6.4.1 GENERAL

Most of the old Cast Iron pipes were cast vertically but this type has been largely
superceded by centrifugally spun cast iron type manufactured upto a diameter of 1050
mm(1S- 1536-1989). Though the vertically cast on pipe 15 heavy in weight, low m tensile
strength, and hable to defects of mner surface, 1t 15 widely used because of its good lasting
qualtties. There are many examples of cast iron mains in this country which continue to give
satisfactory service even after a century of use.

Cast Iron pipes and fittings are being manufactured in this country for several years. Due to
its strength and corrosion resistance, C.1. pipes can be used m corrosive sods and for waters of
slightly aggressive character. They are well suited for pressure mains and laterals where tapings

are made for house connections. It 1s preferable to have coatng mside and outside of the pipe.

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

shrinking defects. The pipes shall be such that they could be cut, drdled or machimned.

Cast Tron 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 s 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 nner surface and

reduced thickness and consequent hghtweight(15. 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 lengths and a variety of

josnits are avadable including socket and spigot and flanged jomts,

The pipes have been classtfied as LA, A and B according to their thicknesses. Class LA pipes
have been taken as the basis for evolving the series of pipes. Class A allows a 10% increase in

thickness over class LA. Class B allows 2 20% increase in thickness over class LA
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The pipes are spigot and socket type. When the pipes are to be used for conveying potable

water, the inside coating shall not contain any constituent soluble in water or any mngredient
which could impast any ste or odour whatsoever to the potable water, after sterilization and

sustable washing of the mam.

Experiments in centrifugal castng of won pipes were started in 1914 by a French Engineer
which ultimately resulted in commercial production of spun pipes. Spun pipes are about 3/4 of
the weight of vertically cast pipes of the same class. The greater tenstle strength of the spun won
1s due to close gram allowing use of thinner wall than for that of a vertically Cast Iron pipe of
equal length. Tt is possible by this process to mcrease the length of the pipe whilst o further

advantage hes in the smoothness of the mner surface.
6.4.2 LAYING AND JOINTING

Before laying the pipes, the detalled map of the area showing the alignment, sluice valves,
scour valves, air valves and fire hydrants along with the existing intercepting sewers,
telephone and electric cables and gas pipes will have to be studied. Care should be taken to
avoid damage to the extsting sewer, telephone and electric cables and gas pipes. The pipeline
may be Jaid on the side of the street where the population is dense. Pipes are lad
underground with a minimum cover of 1T metre on the top of the pipe.

Laying of cast iron pipes for water supply purposes has been generally governed by the
regulations laid down by the vanous municipalitics and corporations. These regulations are
mtended to ensure proper laying of pipes giving due consideration to economy and safety of
workers engaged in laying,
€.4.2.1 Excavation And Preparation Of Trench

Excavation may be done by hand or by machine. The trench shall be so dug that the pipe
may be laid to the required gradient and at the required depth. When the pipehne 1s under a
roadway a manimum cover of 1.0 m is recommended. The width of the trench at bottom
shall provide not less than 200mm clearance on both sides of the pipe. Additonal width shall

be provided at positions of sockets and flanges for jointing. Depths of pits at such places
shall also be sufficient to permut finishing of jonis.

6.4.2.2 Handling Of Pipes

While unloading, pipes shall not be thrown down but may be carefully unloaded on
mnchned timber skids. Pipes shall not be dragged over other pipes and along concrete and
stmilar pavements to avoid damage to pipes.

6.4.2.3 Detection Of Cracks In Pipes

The pipes and fittings shall be mspected for defects and be rung with a light hammer,
preferably while suspended, to detect cracks. Smearing the outside with chalk dust helps in
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the location of cracks. If doubt persists further confirmation may be obtained by pouring a
little kerosene on the inside of the pipe at the 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 mnto
trenches with the help of chain pulley blocks.

6.4.2.5 Cleaning Of Pipes And Fittings

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 dty and free from oil and grease before the pipe 1s 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
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 pipe§ run
beneath the heavy loads, suitable size of casing pipes or culverts may be provided to protect
the casing of pipe. High pressure mains need anchorage at dead ends and bends 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.
Anchorages are necessary to resist the teadency of the pipes to pull apart at bends or other
points of unbalanced pressure, or when they are laid on steep gradients and the resistance of
their joints to longitudinal or shear stresses is cither exceeded or inadequate. They are also
used to restrain or ditect the expansion and contraction of rigidly joined pipes under the
influence of temperature changes. Anchor or thrust blocks shall be designed in accordance
with 1.5, 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.

6.4.3.1 Categories Of Joints

Joints are classified into the following three categories depending upon their capacity for
movement.

(a) Rigid joints
Rigid joints are those which admit no movement at all and comprise of flanged, welded
and turned and bored joints. Flanged joints require petfect alignment and close fittings are

125




frequently used where a longitudinal thrust must be taken such as at the valves and meters.
The gaskets used between flanges of pipes shall be of compressed fibre board or natural or
synthetic rubber. Welded joints produce a continuous line of pipes with the advantage that
mtertor and extenor coatings can be made propetly and are not subsequently disrupted by
the movement of joints.

(b} Semi Rigid joints

Sermi ngid joint is represented by the spigor and socket with caulked lead joint. A semi
rigid joint allows partial movernent due to vibration etc. The socketed end of the pipe should
be kept against the flow of water and the spigot end of the other pipe is inserted into this
socket. A twisted spun yam is filled into this gap and it 15 adjusted by the yarning tool and is
then caulked well. A rope is then placed at the outer end of the socket and is made tight fit
by applying wet clay, leaving two holes for the escape of the entrapped air inside. The rope is
taken out and molten lead is poured into the annular space by means of a funnel. The clay is
then removed and the lead is cavlked with a caulking tool. Lead wool may be used in wet
conditions. Lead covered yarn is of great use in repair work, since the leaded yam caulked
mta place will keep back water under very low pressure while the joint is being made.

{c} Flexible joinis

Flexible joints are used where rigidity is undesitable such as with filling of granular
medium and when two sections cannot be welded. They comptise mainly mechanical and
rubber nng joints or tyton joints which permit some degree of defiection at each joint and
are therefore able to stand vibration and movement. In rubber jointing special type of rubber
gaskets are used 1o connect cast iron pipe which ate cast with a special type of spigot and
socket in the groove, the spigot end being lubricated with grease and slipped mto the socket
by means of a jack used on the other end. The working conditions of absence of light,
presence of water and relatively cool uniform temperature are all conducive to the
preservation of rubber and consequently this type of joint is expected to last as long as the
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, the pipeline must be pressure tested to ensure that ptpes and
joints are sound enough to withstand the maximum pressure likely to be developed under
working conditions.

\/éi&f&.ﬁ Testing Of Pressure Pipes

The freld test pressure to be imposed should be pot less than the maximum of the
follow-ng

(1) 11/2 times the maximum sustained Operating pressure.

{b) 11/2 vimes the maximum pipeline static pressuze.
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