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Waste Water Treatment Plant
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Water Distribution network
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Classification of Sewers
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Advantages and Disadvantages of Combined Sewers
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Estimation of Quantity of Sanitary Sewage

The sewers are designed to carry:
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Estimation of Sewage Flowrate

Two Parameters:
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Finding Out of Runoff (sxawdl ¢L y=edl LSS

f )
Runoff quantity depends on: VTP e
o Lo ) OIRA Ol jgig ublg dBLSUN) HUaoYl Jsha aSlas L

o ¢ yaoudly « Adlal)g ¢ drudall) old) Oilrasives pdaw aSlas

Lokl BULS)  WHEN IT RAINS
o (Gl J] 33l Jgo ) p3WI LB 55 W L 11 DRAINS

Jsha cwas pdo] 038558 858 5l gz ;ilgn slacYl beiul Caolgmll §)lzw muaad o3
Ol Gy 05519 Basdl Sue Ciliizmie (s I obadyl Syl uzy Lo dihais §)Uaed
Saall Usho ge bl Gaaadl Gl el o (9281 dsdl B Bulio enatl] 055G

oLl Olsasiuws 51 g w0 (owoad]



A A ey (tC)

LholSs Ladms (31 dn 31 8 741

e eaad) 0Lyl (§ dalucall (o gl diibaie TS
oo aliso 1S Al edg

488530 JI 3 (e

9kl 8o & slas (o (9281 0Lyl e J guazd! o3
A Ay

DRAINAGE BASIN

T SEWER

OUTFALL

Hlaedl J glat 13 Buis 8 yaig HUaeYl J glag) do yodl Budl HUae¥l J glad 14 Jio 8de oud
do ,)l Hlaedl Jglao A3USS,

Sub-basin
t. =t +t;

t.= time of entry
t,= time of flow t,

SEWER
OUTFALL




HYDRAULIC DESIGN OF SEWERS
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Sewers versus Treated Water Conduits
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Self-Cleansing Velocity S pglaill de

W sina

vsleé\/k(ss—l)Dp -
“ L\

n = roughness coefficient W W cosa
R = Hydraulic Mean Radius= —
P

A= Area of the channel
P= Wetted perimeter of the channel

S, = Specific gravity of the particle

k = Dimensionless constant, 0.04 for granular particles, 0.8 for organic
matters

D, = Diameter of the particle for which the sewer will be designed, this
is the maximum particle size the sewer can safely carry
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Designing Sewer Systems
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Velocity at partially full flow ——=v

Velocity at full flow —— \_/ -
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Present peak flow i ips Stope per 1,000
2 6.0
3 4.0
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Preliminary Requirements 4Jg¥! e ldlasio]|
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Layout of Sewer Lines

Steps followed for making the layout:
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Nomenclature System Followed in Sewer Systems
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NOMENCLATURE IN CASE OF DESIGN OF SEWER
NETWORK USING COMPUTER PROGRAMME
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Design Approach
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Example of a Profile of a Sewer Line
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RCC sewer pipes



Bacteria
HzS"’ZOz —_— sto‘ — COﬂ'OSion

Location of
H,S Oxidising
Bacteria

Moisture

$0,2% - T
¥ conditions
S2-42H* # H* + HS = H,S

Settled Solids



MANHOLES
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PATTERNS OF COLLECTION SYSTEM guozd! pllss bl
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Net quantity of sewage: The net quantity of sewage production can be estimated
by considering the addition and subtraction 1483 (S6 :muall B pall old délall dweSl
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Flow rate

Time of the day

Maximum wastewater flow rate

Peak Factor (PF) =
Average flow rate of wastewater

Population Peak factor
< 20,000 3.0

20,000 - 50,000 2.5

50,000 - 7,50,000 2.25

>7,50,000 2.0



Problem

A city has a projected population of 60,000 spread over area of 50 hectare. Find the
design discharge for the separate sewer line by assuming rate of water supply of 250
LPCD and out of this total supply only 75 % reaches in sewer as wastewater. Make
necessary assumption whenever necessary.

Solution:

Given data

Q =250 lit/capita/day

Sewage flow = 75% of water supply = 0.75* 250 = 187.5 LPCD as: / 2.8/ Al

Total sewage generated = 187.5*60000/(24*3600) = 130.21 lit/sec
=0.13 m3/s

Assume peak factor =2 Total design discharge = 0.26 m3/s
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Example 400 Adlsad) cliad) e 2041 52031 52021 alall Sl 33e ad g

Predict the population for the year 2021, 2031, and 2041 from the following population data.

Year 1961 1971 1991 2001 2011
Population | 8,58,545 |10,15,672 | 12,01,553 | 16,91,538 | 20,77,820 | 25,85,862

Solution

Year Popula Increment
1961 8858545 -
1971 1015672 157127
1981 1201553 185881
1991 1691538 489985
2001 2077820 386282
2011 2585862 508042

Average increment = 345463

Population forecast for year 2021 is, P2gp; = 2585862 + 345463 x 1 = 2931325
Similarly, P2o31 =2585862 + 345463 x 2 =3276788
P2o41 = 2585862 + 345463 x 3 = 3622251

Pn=P + n.Cdulusd] 85L 3 db ;b



STEP 1. Find out the average flowrate and maximum flow rate at present and after the

design period
Time Average flowrate Peak factor Peak flowrate
Present | 50,000* 130*0.8 L/d=0.06 cum/s 2.5 0.15 cum/s
Design 100,000* 180*0.8 L/d= 0.167 cum/s 2.25 0.375 cum/s

STEP 2. Find out the optimum slope to be provided
Slope to be provided = s=0.8 in 1000 = 0.8/1000 = 0.0008 (from the table)

STEP 3. Find out the size based on the ultimate peak flowrate.
We want the sewer to run 80% full at its ultimate peak flowrate so that maximum possible

velocity can be attained). From the chart gq/Q = 0.988 when d/D =0.8

Q=0.375/0.988 = 0.380 D 2 1
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Q=0.380 m3/s S=0.0008 n =0.015

2/3
Q:AV:”DZ*E*(Ej v
4 n \ 4

2 2/3
”Z = 315*(% * (0.0008)Y2 =0.380 ™ D =849 mm

%5 (0.900/ 4)°(0.0008)"2 = 0.697 MV/s

Take D = 900 mm (next available size)

_ E R2/3g/2 _

n

72(0.8.5)2

Q=AV = * 0697 = 0.395 cum/s

At ultimate peak flow,

qg 0375 d
Q 0.395 D
=1.

077 Y -1135
Y,
135* 0.697 = 0.791nVYs >0.6 m/s [OK]



For a circular channel running under gravity,
Velocity is maximum when the depth of flow d =0.8 D
Atd/D=0.8, v/V=1.140

Hence, V.., = 1.140*0.697 m/s = 0.794m/s < 3 m/s (Maxm. Velocity allowable)
At the ultimate average flow rate q, O-K.
q/Q=(0.167/0.395)=0.42
From the proportionality chart, extrapolating, v/V =0.97
Hence, v=0.97* 0.697 m/s = 0.676 m/s >0.6 m/s O.K.
At the peak present flowrate q,,
q,/Q=(0.15/0.395)=0.38
From the proportionality chart, extrapolating, v/V =0.93
Hence, v = 0.93* 0.697 m/s = 0.65 m/s >0.6 m/s ok

NOTE: If the velocity at the present peak flow rate is found to be below 0.6 m/s, then a
slight increase in the slope with the same diameter may help attain the minimum
required velocity of 0.6 m/s
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float switch level sensor
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Radar level transmitter Ll
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Radar vs Ultrasonic Level
Calibration Points

Calibration Point Ultrasonic ‘ Radar
0% or 4mA
Reference from the top down
100% or 20 mA
Reference from bottom up Reference from top down.
Radar sensor Ultrasonic
T refefence
Distance J point !
"""" - High Cal. Point | 100%
Space {process full
‘ level)
Level
Low Cal. Point
(process empty level) ¥ -
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Potable Water Pump Station
Storm Pumping Station
Sewage Pumping Station
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able Water Pump Station \

Storm Pumping Station e
Sewage Pumping Station
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Potable Water Pump Station \‘
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sewage pumping stations
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O Inflow / Outflow

0 pumping basin / without basin

0 Wet Chamber / Dry Chamber

O Civil works according to water quality

O There are other concepts that we will see later
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e CHARACTERISTICS OF PUMPING STATIONS
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 DESIGN OF THE PUMPING STATIONS

+ Minimum cost ofM-

Maximum pumping flow
Volume of the basin or pumping chamber
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1- RELIABILITY:
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* DESIGN OF THE PUMPING STATIONS

*\

2.- ECONOMY:
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e DESIGN OF THE PUMPING STATIONS
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 DESIGN OF THE PUMPING STATIONS

\

4.- SECURITY:
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CONFIGURATION OF PUMP STATION
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CONFIGURATION OF PUMP STATION
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ADDITIONAL CONDITION

- A reduction in the performance of the pump below the test
values provided by the manufacturers, a fall in the head-flow
characteristic curve and an increase in the power consumed by
the pump;

- Cavitation, even if the pump is operating nominally within the
limit for a given application;

- An increase in noise and vibration inside the station with
possible damage to the pump components.
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Process Systerns Engineering

Sumps and Intokes

Pracess Systemns Engineering

Adequate volume for control of pumps
Adequate NPSH

No or little pre-swirl of the flow into pumps
No vortices present around the pump intakes
» No air carried through to the pumps

+ In sewage/ drainage stations —

+ sediment deposition is minimised and the
material is carried through and into the pumps

 no build up of floating solids or potential for
ragging
+ potential for grease build up is minimised

-

Surnps and Infakes




Cfanﬁeld

DNIVERSITY

Process Systerms Engineering

« Reduction of discharge, head,

Large quantities Trapped nir
T drawn in carried mlong
efficiency intermitently depending on

= Vibration, damage
- ~7-10% air leading to air lock

— == Well defined
H surface dimple
== ——  Airdrawm
T = atermttontly Air care extends
into in take (fully
? mmm:’:n developed entraining vortex)
Sumps and intakes was craniehd ook
Cranfield
UNIVERSITY
Process Systermns Engineering

Type 2: surface dimple;
coherent swirl

Type 1: surface swirl

Type 3: dye core to intake; coherent Ao )
swirl throughout water column Type 4: vortex pulling in floating

trash but not air
_.\('_
Q
I\
o]

Type 5: vortex pulling air bubbles to
intake Type 6: full air core to intake

Sumps and Iniakes ok sronheld o uk
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~ One way of reducing swirl and possibly vorticity is to increase
the depth of submergence above the intake:-

D D,

b

feslc

ANSI recommendation is that S/D, 21+ 2.3F, where D,is the
bellmouth diameter and F,, = V,/(g.D,)*°. V, = Q/(ND%4).

BUT this criterion applies to a well designed sump. It won't solve the
problems of a poor one!

Sumps and Intakes il anhald ooy

Cranfield

| UNIVERSITY

Process Systermns Engineering

Avoid plunging flow onto or near to pumps:-

Remember: Compared to model tests, more
airis entrained in full size installation and is
less easily released.

= If flow dropping into sump then possibly use drop pipe or baffle
wall and encourage air movement to surface before reaching pump:-

ible deflector to encourage
upward movement of bubbles

Sumps and Intakes v erenheld oo uk




Surmps ond Intakes

¥ I
Cranfield

VE

RETTY

Process Systems Engineering

Range of
operating levels

+ Swirl leads to flow breakdown
and thus loss performance

+ Bulk swirl intensifies
approaching the intake

* Sdeg (?) at pump inlet

Sumps and Infakes

Process Systerns Engineering
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Swirl or ‘pre-swirl' refers to the mass rotation of the flow as it
approaches the pump.

Most pumps are designed for flow to approach the impellor at
right angles. '

Pre-swirl opposing the impellor rotation increases the head, the
absorbed power and reduces the efficiency. Extra loads on the
pun‘;g imp?tller and bearings. In extreme cases motor overload
could result.

Pre-swirl in the direction of the pump impeller then there is likely
to be a reduction of flow, efficiency and power. Cavitation and
excessive bearing wear may result

Most manufacturers accept a value of no more than 5 degrees
in line with the ANSI recommendations.

Surnps and Intakes st cranhicled ek

Cranfield

fl UNIVERSITY

Process Systems Fngineering

Second pump draws water
from turbulent region

+ Large scale turbulence
+ High velocity jet

i /

—

[ Wa ke caused

by first pump
ELEVATION SECTION "AA’
4
\ AN £ ‘
Penstock = LR Not recommended
For @ > 20°
| (8 =60° as shown)
F=t— O 5

Sumps and Intakes waLaLeranteld ook
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= Air, cavitation
 Fluctuating load

Surmps and intakes ! s cronivkdocuk

Cranfield

F UNIVERSITY

Process Systems Engineernng

Air—cored surface
vortex

Vortex attached to
side wall of sump

Sumps and Intakes wiw cronfield.ac uk
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Vortex attached
to floor of sump

Vortex attached
to side wall of
sump

Sumps ond Intokes : u

vk cranhield ook

Cmnﬁe[d

{ UNIVERSITY
Process Systerns Engineering

Vortices must be differentiated from swirl. They are local tight
swirling flow with high rotation. They may be originated from the
water surface in the sump or be attached to the walls or floor.

If they enter the pump intake they can put high uneven loads on the
pump impeller and not only reduce the pump efficiency but damage
the pump bearings.

Strong surface vortices may even entrain a core of air and carry that
down into the pump.

Weak vortices may be tolerable but string vortices must be
eliminated.

Sumps and Intakes ., ceoniiekd oo ok
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- Sediments, floats, grease,

septicity gt__ R

ELEVATION

:..

Sumps and Intakes g anhield oo

P umMIvERSITY

Precese Systems Enginearing

Maximum sump inlet velocity (1-1.2m/s) else baffle plate
+ Energy dissipated before final approach to pump

» Average velocity in sump low (0.3m/s for clean water, 0.7m/s
for sewage)

* No obstruction or streamlined

+ Divergence < 20 deg

+ Slope < 10deg for clean water
45-60 deg for sewage

Sumps and Intakes [T RIS

Cranfield
| UNIVERSITY

10



G mnﬁeld

UNIVERSITY
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« Adequate submergence and
clearance

Clegrance fromsumpfioor  C=05D
Preedrrity to reer wall X=028D
Wicth between pumpbay  We2-3D

Divergence < 20ceg
Downslope < 10 deg (dean sump only)

Sumps ond Intokes

Cra nﬁggéﬂ'!“:‘

Process Systems Engineering

+ Corners filled in to minimise : R
stagnant region + - I,
« Suction not too small | Sl
. ; R
compared with the size of e
sump or partition
ey
'—"“-ii_—rs Il"ﬂl_-! ,3 t;e- -ﬁ-mr
) -1 '__._ ! -1
et _Ii ! :_iﬁﬁ—_ i' W
o R
B = Pump spacing ’
sy
E = Leagth of splitiers
Surmnps and Intakes tesled o L
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10 x Dg

Bellmouth
dia, Dg

O
-

Sumps and Infakes

Cranﬁeld

UNIVERSITY

Pracess Systerms Engineering

3

P G Downslope<10°
s E—

o

Not exceeding 20°;
optimum 15° (ANSI)

was.erantield.ce uk

Surmps and Intakes
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Sumps and Intakes

Cranfield

{ UNTVERSITY

Process Systerns Engineering

SECTION

PLAN

Stage reduction of turbulence

using:
- Energy dissipation blocks

+ Curtain wall (watch out for scum)

Benching (to reduce discontinuity)

Sumps ond Intakes

Cranfield

| UNIVERSITY

Process Systerns Engineering

Wi cronnekloc.uk
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and vortex

Sumps and Intakes

* Flow splitter to reduce swirl

Cones

= Short splitters

Or cross

Long splitter;
splitter behind

© pump casing

Cran ﬁeld

UNIVERSITY

Process Systerms Engineering

Sumps and Intckes

Cmnﬁgeld

INIVERSITY

Process Systems Engineering

Vortices generally can be
eliminated by careful design of
benching and flow straighteners
around intake but likely to need
physical model tests to identify and
for benching design.

Look out for RAGS!
Maost pump manufacturers have

developed their own details which
will work in a well designed sump.

L cranticld o ul
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A lot of time and effort is expended on designing

and model testing pump sumps.

Why?

What are we concerned about?

Sumos and Intakes

wara. cranbelid.oc .l

Cranﬁ eld

UNIVERSITY
Process Systemns Engineering

Needs to ensure

Sumps and Intakes

Efficient operation of the pumps
No air carried into the pumps
NPSH requirements met

In sewage and drainage stations, good
screening conditions

Sediment carried through to the pumps

i, crantield ao.uk
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Sumps ond Intakes i cronfield acuk

Cmﬂﬁefd

UNIVERSITY
Process Systems Engineering

Computational Fluid Dynamics is used in many high technology
industries such as aero-space, turbine and jet engine design,
combustion thermodynamics and Formula 1 racing car design.

Flow space is divided up into small elements and then salves the
energy and mass conservation equation.

Itis used in the water industry, particularly in the design of process
units within a treatment works where it is important to ensure good
hydraulic performance.

Itis beginning to be used for pumping station design but cannot
yet model the fine structures of vortices.

Sumps and Intakes wikk cranficld acuk
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water level below minimum submergence
riteria.

@ Potential for vortex formation:
large unrestricted space in back area (>>0.75D)
and side clearance greater than (>0.5D)

vortex {7/ (

Surmps and Intakes waLs cronfield ook

LUNIVERSITY

Process Systerns Engineering

Cran ﬁ eld

= With the right boundary conditions CFD can model the general
flow patterns in the sump and can predict the swirl into the pumps
with reasonable accuracy.

« For critical major stations physical modelling is still the best
approach. For smaller stations, particularly if of fairly standard
design, then CFD offers a much cheaper and quicker analysis
though with greater risk of vortices being present at full scale.

Surnps and Intakes Lt sranticld oo uk
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= Tim

Surmps and Initakes

» Cost?

ing?

Cran ﬁ eld

UMNIVERSITY

Process Systems Engineering

1

* When beyond present
knowledge (cannot copy
previous design)

« Worth while when cost of
model test comparable with
cost of the sump

+ Consulting engineer - before
pump selected

« Contractor - too late

vanL.cronfield.ocok

Cmnﬁ eld

UNIVERSITY

Process Systemns Engineering

ta

Pump inlets

Sumps and Iniokes

PLAN SECTION A-A

L. coanhckd ac ok
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HI Pump Intake Design — 1998

at the inlet. Some common types of such devices are
shown in Figure A.12.

As an alternative, a cage type vortex suppressor may
be used, as illustrated in Figure A.12, example 6. The
cubic cage may be made of standard 38 mm
(1.5inches) deep (or deeper) floor grating (or its
equivalent). The length, width and height of the cubic
cage, each with a characteristic length termed Lv

should be about 3 inlet pipe diameters, and the top of
the cage should be submerged about 150 mm
(6 inches) below the minimum liquid level. Non-cubic
cage shapes are also effective if the upper (horizontal)
grating is at least 3 inlet pipe diameters on each side
and is also submerged 150 mm (6 inches) below the
minimum liquid level. A single horizontal grating meet-
ing these guidelines may also be effective. Tests on
such cage type vortex suppressors have demonstrated

Liquid level Liquid level
Ex. 1
D/2* Ex. 2
* Flat-bottom Baffle plate
tanks only D
To pump
Liquid level
Ex. 4
Minimum

150 mm _Ll_/—— Clear

Standard floor - liquid
i grating =™  _~ level

Min
Vertical downwards, straight,'/U
a protruding tank outlet is

illustrated Cage-type vortex suppresser
Ex. 6
Figure A.12 — Anti-vortex devices
52 Hydraulic Institute Standards, Copyright © 1997-2009, All Rights Reserved






SUBMERSIBLE LIFT STATION




General Configuration




OVERVIEW OF A TYPICAL SUBMERSIBLE LIFT STATION
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BASIC PUMP SELECTION
THE SYSTEM CURVE

The most important part of any pump selection is first determining the system curve. This means,
at the very least,the flowrate and head that will be required of the pump must be identified.
Often this is the first mistake made in the selection process.

In many potable water booster stations, the flowrate is determined by a downstream demand. In a
typical application, the purpose of the lift station is to simply move water from one location to
another. Therefore, the flow is typically governed by the inflow to the station, and not an outflow
demand. Once the flow rate into the station is found, the amount of head required by the pump can
be determined by calculating the system losses in the piping network.

The friction losses will lead to poorly sized equipment that will have a poor efficiency and
reliability.

Calculation of the system losses at several different flow rates will yield a system curve. System
curves represent a loss of energy in systems with a variation in the flow rate.

Or, stated differently, the amount of energy the pump must generate to operate at a given flowrate.
System losses come in two forms that are outlined below



BASIC PUMP SELECTION STATIC LOSSES

The static head (m) is the difference between the discharge
elevation of the force main and the water level of the wet well-

The static head is not a fixed value, but rather a floating.~ ﬂ:lg

value dependent upon the water surface elevation in the wet //—:;jf-/ 1 i | <

well g e o . z m
oy - T pa : / _,.-//,- O[] ot =z
: f . g . = _ E |3
& A PRl % GRAVITY SEWER % =

o ﬁ MANHOLE O |2

te ' PUMPS ON e 19

Iy iy
PETARIT T PUMPS OFF

LR el Jadal) Gilly) aua g 8 cldidaall ¢ 9S Ladie MG auda gl g "I gl (o (381 Aadlae agal) (e
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The system curve itself can fluctuate. Therefore, the system curve is not a
single point set — It is a range of curves. This will become more apparent
when developing a system curve is discussed later in this manual



FRICTION LOSSES
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HAZEN WILLIAM EQUATION

v = 0.849cRY6359->4

| Hazen Williams Coefficient, C

v = velocity m/sec Pipe Material Design C
C = Hazen Williams friction coefficient PVC 150
—_ : : Asbestos Cement 140
S = head loss m Concrete 100
Cast Iron 100
Copper or Brass 130
Vitrified Clay 100

Corrugated Steel 60




Hazen Williams formula

) S Al 3305 A S apaa 3 kil cliad) ST e Sy -0 Allas 2

v = DB4I-R535052

V= VEIOCity (m/gec)
R= hydraulic radius (m)

2
R = f _ Cross sectional area _ nD /4 _ 2
P Wetted perimeter D 4

S= hydraulic gradient C= Coefficient depended on the type of pipe
Sy - Alad I QS e Jumn iy )yl e iyl

nD?2

D? Lo
Q=A><V=ﬂ—x0,849xC>< (L)0-63 xS0.54
4 nD
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MINOR LOSSES
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Entrance Bellmouth 0.005 Ball 0.04
Rounded 035 Check Valves Ball 23-
Sharp-Edged | 0.5 Rubber flapper (v< [ 2.0
Projecting 0.8 ft/s)
Exits 1.0 Rubber flapper (v > 1.1
90° Bend 0.25 ft/s)
45° Bend 0.18 Swing 0.6-
Tee, line flow 0.30 - 2.2
Tee, branch flow 0.75 Gate Double Disc 8;_
Cross, line flow 0.50 Resilient seat 0:3
Cross, branch flow 0.75 Knife Metal seat 0.2
Wye, 45° 0.50 Gate Resilient seat 0.3
. [v)
K Values for Pumping Statioﬁciﬁﬂérgign Recianeuler (80| 10
Full bore opening 0.5

L5aaalf daicadd) CAS ll) ClasT Jlio asil) 038 (ya (Finil cong

L.:
h, =TK—

29
hy, = Minor headloss (ft)

K = K coefficient {unitless)

Flow (cf /s)

Cross sectional area of pipe (sf)

v = velocity of fluid in pipe (ftfs) =

5 = gravity =32.2 ft /s



TOTAL DYNAMIC HEAD
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TDH = AH + hf + hy,
Equation 4

TDH = Total Dynamic Head (fE)

AH = Static head = elev, — elevwy (ft)
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TDH = AH + (1)10.5 (—j P S g
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HOW PUMPS WORK

POWER ENTRY
GLAND

STATOR m,
e NMOTOR ASSEMBLY

SHAFT

MOTOR BEARINGSs,

OIL CHAMBER

MECHANICAL SEALS
HOUSING

VOLUTE WEAR RING IMPELLAR
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THE CASING

P+231 W* P231 B
p—4 7, = $=—4+ 1,

54 ¥ 24 54 g

Equation &

P = Pressure (psi]
sg = Specific gravity (unitless)
V = Velocity of the fluid (ft/s)

G = Acceleration due to gravity (32.16 ft/sec’
Z = Elevation of the centerline of the liquid path
Subscripts:

1 = Upstream condition
2 = Downstream condition

bia ) A yud) e A3l gy gadl g Jaal) 3315 g2 hagd)
&JSJQMJLLAJBJ‘ _;\31.2‘9

only the change in pressure and velocity is left to be
considered. In order for the two sides of the equation
to balance, decrease in velocity from point 1 to point
2 must have a corresponding increase in pressure
from point 1 to point 2. Bernoulli’s Equation is a
simplified representation of this process. Technically,
it only applies to flows along a streamline and
neglects friction, but it is sufficient to understand the
basic principle.



THE INLET

28 ddasa avaal A dvanl JBI JAlaal) oLy A001 Addlial

O g ¢ 3 aa g, pleal¥) 08 JAa il an g8 Y AV Aldalil)
Al uie éJ&MﬁMﬂJ&JQﬁQY‘éQ\JwY‘ T PREQ
Jida A JAY) Qo (e Jilead) J85 B JAaal) ddulh g JiaTs

s pual) iy pas cila (3180 9 JBI B jled (a8 Y ARy oy laad)

R Agllial) Jhaal daid Gl ¢ A SLaiy) Jhae die L) sy
okl cpe ) o) ABla (e il (385 pa aiens gl JAe

ALl (4 980 Jandadh ¢ Adalad) cliiaal) pa, il (e
A L dalaall A< Al 8 e



IMPELLER TYPES

SEMI-OPEN IMPELLERS CLOSED IMPELLERS OPEN IMPELLERS

more efficient than fully open The disadvantage of closed impellers is

impeller designs that any debris entering the vanes less expensive
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As the impeller diameter decreases in size, the performance is reduced. This allows the pump
performance to be modified to meet specific application requirements.

Additionally, a reduction in diameter reduces the pump power requirement.

A reduction of only 10% in the impeller diameter can result in a 27% reduction in power requirements



INTERACTION OF THE SYSTEM CURVE WITH THE PUMP CURVE

Head - ft

HNPSHr - ft
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Pumps operate where the pump curve meets the system
curve. ldeally, pumps should be sized to run as closely as
possible to its best efficiency flowrate. This not only makes

the pump more efficient, but also improves its reliability.

Correct sizing requires that both pump curves be fairly
accurate. Minor variances of the manufacturer’s tolerances
may affect the pumps performance, but all curves have a
tolerance of approximately +3%. System curves have a much
wider range of inaccuracy due to variations in pipe and
fitting friction losses between various manufacturers.

The note at the bottom of the Cameron Hydraulic Data book
of pipe tables advises that a 15% to 20% increase in loss
should be used above the loss levels shown in their tables.
This inaccuracy, and the rising cost of power, make it
imperative that larger pumps be field tested to determine
actual flowrate.

Excessive flow causes excessive friction thus driving up
power consumption and operating costs. Field testing allows
the system

calculations to be confirmed, and the pump to be modified,
to meet the actual system conditions.



NET POSITVE SUCTION HEAD

While Net Positive Suction Head (NPHA) analysis is not a concern with submersible pump design, when
designing a dry pit, a NPSH analysis is critical.

The following discussion demonstrates why NPHA analysis is not necessary in submersible pump design.
There are two forms of NPSH. Net Positive Suction Head Required (NPSHR) is provided by the manufacturer,
and net positive suction head available (NPSHA) is the amount of energy available at the inlet of the pump in
relation to the system layout. NPSHA is calculated using the formula below:

The purpose of a net positive suction head
analysis is to ensure that the impeller of the
Equation7 pump is submerged with liquid.
hatm = Atmospheric pressure at the surface of the liquid (ft) For example, in a dry pit design the water is
Zs= Suction Static Head (ft) stored in a wet well, and the pump is stored in a
hvp = The liquids vapor pressure at the pumped temperature (ft) separate structure and is not submerged.
ht="The friction losses in the pipe and fittings from the suction tank to the pump inlet (ft) If the layout was such that, at some point, the
water level in the wet well dropped low enough
that it was not being forced into the pump
impeller, the pump would begin to cavitate.
In a submersible pump station with proper
design of the control elevations, the pump is
NESHA always submerged and forcing the fluid into the
NESH Margin = oo p 2 13 impeller thus eliminating this concern.

NPSHA = oy 1 2, ~ hyy = Iy

NPSHR is provided on the manufacturers curve. The most important thing to know about NPSH is that the NPSHA
must be greater than the NPSHR. Typically, a factor of safety of 1.3 is used. Thus:
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NPSH formula

NPSH, = (pe + pb— pv)/(0 - g) + vezf'}lg —Hrs-Hsgeo 2§

where

Pe
Pb

Pv
Q

o
tal
Ve

HL._.S
H; geo

]
S

(29)

Gauge pressure in suction tank in N/m?

Absolute atmospheric pressure in N/m? (Table 13: consider
effect of altitude!)

Vapour pressure in N/m? (in Table 12 as absolute pressure!)
Density in kg/m’

Gravitational constant, 9.81 m/s”

Flow velocity in the suction tank or sump in m/s

Head loss in the suction piping in m

Height difference between the fluid level in the suction tank or
sump and the centre of the pump inlet in m

Height difference between the centre of the pump inlet and
the centre of the impeller inlet in m

-
s' Ty T
Reference plane ' _}‘ l‘_
Open sump Closed tank HSQQD T
Pe
Pe=0 Pb + P
]
o ! I e

+~ Py L0 Vg — /J

Fig. 36: Calculation of the NPSH,, for suction lift operation for

horizontally or vertically installed pumps




INTRODUCTION TO WET WELL DESIGN
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TR e R MINIMUM STORAGE VOLUME
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Qin) QIN = Inflow rate into wet well
v QOUT = Discharge flow rate out of wet well

PUMP W V(min) in units dA’.uu REQET L_\Sjﬂ 4 L;.\AJAS\ @JY\ Aall ujs.i u\ (REN] sale
' . of gallons i e o e i Le o ¢ Y e I la (e Aaiadll
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| g L TMIN = Minimum cycle time between pump

[# 000, W ﬂ starts (minutes)

ALY _IEHEEH Vmin = Minimum storage volume of wet well to
emecast /L7 hold/gather fluid during pump off

WET WELL




MINIMUM STORAGE VOLUME

V(min) can be determined by starting with the following equation which relates the inflow, storage volume, and
outflow to T(min):

T — VMIN VMIN
pMIN QIN QOUT - QIN

Hydraulic Institute Intake Design — 1998 Equation B.1

Assuming the flows entering the wet well have been properly estimated, and an appropriate pump has been
selected for the demand, the worst case scenario is that the inflow is twice the rate as the outflow. Or:

Qn =Qour/ 2
Equation V.1

The result of plugging this into the Q,y, component of equation 1 and rearranging for Vyn is:

Varin Varrn 4 = Varrn

T, — —
AEN Qi Qour — QuIn Qour

Equation V.2

Therefore:

T * Qour
Vvirn = 7

Equation V.3
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DIAMETER OF WELL
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A =WET WELL
AREA (s.f) CONTROL ELEVATIONS

Al ¢ -] ~ 9 = Qlout)
in) — —} B
| HIGH WATER ALARM BLEYL « g e () AT paa sl of 22 0Y)

H(res) N LAG PUMP "ON" gﬁ PSA-\-“ GﬁLGMJ‘ J.A.JA:\ C)SA:\ ¢ ‘.dh,)j‘ .J:\QM e%& &!
Hu! b  LEADPUMP "ON" el ) 5 g3 3all fudal) allad B aa g ,aUall
H min . r3

" PUMPS "OFF"
H

! PUMP INLET

HX = Pump Inlet to the Pumps "Off" Elevation

HMIN = Pumps "Off" to the Lead Pump "On" Elevation
HLEAD = Lead Pump "On" to the Lag Pump "On" Elevation
HRES = Lag Pump "On" to the High Water Alarm Elevation




HX — MINIMUM SUBMERGENCE
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H, = D(1 + 2.3F,)

Vv

o = gp*5

D = Inlet Diameter (ft)
g = gravity (32.2 ft/s’)

Q.= Pump Discharge Flow (cfs) V = Velacity (ft/s) of fluid at the inlet and is determined by:

A = Area of inlet (ft“)

V=Q/A



HMIN — MINIMUM STORAGE

H(min) is the distance between the pumps "off" and lead pump "on" elevations. It is determined by the following
equation.

V min = Minimum storage volume (gallons)
Hvin = Vi / A A = Cross sectional area of wet well (sq.ft.)

HLAG - LAG STORAGE

Duplex submersible pump stations should be sized so that one pump will be able to handle peak flow events.
During events where the inflow exceeds the predicted max flow, the second pump can be used to handle the
additional flows. This is where H(lag) comes into play. It is an arbitrary factor of safety set by the engineer.
Typically, in smaller flow stations of less than 200 gpm, an H(lag) of at least six inches is recommended. The larger
the engineer makes H(lag), the more conservative the system, but material and construction costs will increase.

HRES - RESERVOIR STORAGE

As with H(lag), H(res) is a factor of safety built into the submersible pump station. In the event the actual inflow

far
exceeds the max predicted inflow, or a pump fails, an alarm is triggered. This alarm signals station operators

that
there is a problem. For smaller flow stations (less than 200 gpm) an H(lag) of at least twelve inches is
recommended. However, this should be a decision made by the engineer on a system by system basis.
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FICavitation

- disruption of flow and head
- noise emission increase

- vibration increase

- damage of impeller

- interruption to lubricate
(medium lubricated) bearings

- malfunction of axial thrust
balancing

NPSH - Net positive suction head

- NPSH is (beside operation flow, - head and required power) one of the most important operating
data.

NPSH is related to cavitation

NSPH definition
- NPSHavailable = given NPSH by the design of the system
- NPSHrequired = NPSH, given by the design of the pump

1) NPSHavailable > NPSHrequired
to guarantee the pump operation relliability (= to guarantee that the pumps don’t run into cavitation)
e.g:

What happen in case of a situation where NPSHavailable = 3m and NPSHrequired =4 m
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Cavitation

-gas/vapour bubble (depending to pressure and temperature) and
implode on surfaces (micro — jet up to 10° bar).
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Material of the pipeline

GRP

DI
STEEL
PLASTIC

Type of pipeline

Water supply pipelines
Sewage pipelines

Industrial water pipelines
Agricultural water pipelines

Ductile iron pipe is highly accepted
because of its excellent strength,
durability and laying workability. ez
G 25 Sy S e bl U3
Jeeial) Ly b8 lgiblieg 8)buabl Lysgd




Common Connection Method of Pipeline

Threaded Spigot and Socket

Card sleeve

Hot melt Compression



PIPELINE COMPONANTS

W BT TN

Soil Compaction

Air Valve NRV

Flanged Spigat Short Piace

{ =

AIR VALVE CHAMBER VALVE CHAMBER WASHOUT CHAMBER



PIPELINE FITTINGS AND ACCESSORIES

Flange Adaptor



Pipe Arrangement in Chambers
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No. Description
1 Double socket tee with flanged branch . .
2 T Double spigot pips Air Relief Valve
3 | Collar hamber
4 | Double flanged pipe C
5 | Stop valve
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Plan
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Stop valve

Flange and spigot pipe with puddie

Valve Chamber

Washout Chamber

Double spigot pipe with puddle
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Flange adapter
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Pipeline Integrity Management Practices

Leak detection
Visual inspection of pipe

Remote sensing by satellites
Line patrols flying over pipeline
Daily checking of pumps running

Checking of pressure regulators

pressure-relief valves.

Checking of control valve

Inspection tools and pressure testing




Pipeline Integrity Management Practices

Metal loss tools (corrosion tools)
Magnetic flux leakage (MFL):

Ultrasonic:

Crack detection tools

Ultrasonic crack detection:

+images taken
from OPS
website:
0ops.gov.com

Transverse magnetic flux leakage:

Elastic wave tool:

Geometry tOOlS Damaged condition
Yirke:
Caliper tools: " "
. . Hall semsod
Pipe deformation tools: o m L

Mapping tools

Metal loss

Long range guided waveinspection

Magnetic
Flux
Hydrostatic testing
Dt P o | B s | '
HYDROSTATIC ¥ T T ]
Reflected Wave i TR LollIeNEe D ek 8

Transmitted Wave

%_f ,

Guided Wave Probe

Ultrasonic wave propngaies through pipe wall



Technologies and expertise to detect leaks, gas pockets and

Pipeline Conditi

Ipe ine onairtion structural weaknesses in pipes and prevent network failure, Xylem
M can help you to find the exact location of problem areas, to detect

Assessment Services Py P

and fix weaknesses before they cause a major shutdown.

Pipeline condition assessment

Xylem's pipeline condition assessment services can shed more light on the health of your
most critical pipe infrastructure.

Xylem's solutions can address the needs of both metallic and concrete pipes in water main
networks and sewer rising mains.

The assessment approach includes a preliminary analysis for the selection of the specific
technology, the pipe assessment for the detection of defects and gas pockets that are

sources of failure, and finaly a risk assessment for the evaluation of main failure and its

PipeDiver® consequences.

Inline leak detection

Sahara® SmartBall® Xylem's inline leak detection solutions can accurately locate leaks in your water
anara® , oma a . . . .
transmission mains by bringing the sensor at the source of the leak.

Identifying leaks and their severity can help prioritize the most critical sections in need
of urgent attention as operators cannot afford to shut down the service completely and
excavate large portions of a city street to search for suspected leaks.

The accuracy of inline leak detection can effectively reduce shutdown and excavation times,
allowing operators to carry out fiscally responsible and efficient repair projects.

24x7 pipe condition monitoring

Xylem's acoustic fiber optic technology allows for continuous monitoring of prestressed
concrete cylinder pipes (PCCP) to identify critical issues in real-time, thereby enabling
network operators to take prompt corrective action to prevent failures.

The monitoring system is able to identify wire wrap breaks, alerting asset managers when

SoundPrint® AFO there is an unacceptable increase in activity that could lead to pipe failure.

Xylem's transient pressure monitoring analyses the operating pressure in a pipeline to
understand the system hydraulics and the effect of pressure surges.

Tool Type Free-Swimming Tethered Free-Swimming
Pipe Materials All All Steel, Ductile Iron and Cast
Pipe Diameter 250 mm and larger 250 mm and larger Iron 450 mm to 1320 mm
Typical Location +2m +0,5m 50 mm by 20% wall loss
ﬁw%g#‘triaocr},point size 100 mm or larger 50 mm or larger > 300/400 depending on the
Inspection Length Up to 24 hours 0,8-1,5 km per insertion insertion Up to 14 hours
Pipeline Mapping Ye Ye Ye

Inline video No Ye Ye

S S
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DESIGN OF CIRCULAR LINER PIPE TO RESIST EXTERNAL HYDROSTATIC
PRESSURE

one lobe mode

4

AN

two lobe mode

Stage 1: umform Stage 2: lobe Stage 3: snap-through Stage 4: post-
T10g COMpression separation at crtical pressure buckled shape

and/or 1nitial gap

Figure 4 Steps in non-linear hydrostatic buckling of encased circular liner pipe
(liner deformations fully consistent with boundary conditions)



DESIGN OF CIRCULAR LINER PIPE TO RESIST EXTERNAL HYDROSTATIC
PRESSURE

Gap (e.g. due to thermal Ovality — elliptical
shrinkage of liner) (deformed flexible pipe)

Ovality (e.g. deformation Ovality — 4d-hinge
of grouted slip-lined pipe) (deformed rigid pipe)

Longitudinal (e.g. original Longitudinal {(e.g. flat invert
fold line of close-fit pipe) due to residual sediment)
a) CHARACTERISTIC b)) SYSTEM

Figure 7 Examples of characteristic (renowvation technique) and system (host pipe)

imperfections affecting liner buckling resistance
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Figure 2: Elastic, elasto-plastic, and
. plastic behaviors of the pipeline [11].

The large deflection collapses of the pipeline in
response to external pressure.

Pressure (Kpa)

Figure 3: Development of yield lines with 0
buckling propagation during the post-buckling
stage [11].
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The major factors affecting the failure

load are the environmental conditions

(type of loading and load history)

geometry of the pipe (diameter to thickness ratio; D/t)
mechanical properties of the pipe material,

presence of initial geometric imperfections.
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Contents
General Pipeline Design
Layout of Pipeline
Water Hammer

Design of Ductile Iron Pipe
Thrust Anchoring

Corrosion Protection




PIPELINE DESIGN ISSUES

Design process
Almost always the process starts with certain defined parameters:-

 Flow to be delivered

In the case of a main transfer pipeline this would probably be a max daily volume. If
pumped then there may be constraints on the pumping hours.

For a potable distribution system, you need to know the peak demands, the variation
of those demands daily, weekly and seasonally.

In the case of a sewage collection system, average and peak dry weather and peak storm
flows at entry to the system.

« Source levels and possible variations in those levels

e Delivery locations and levels or, in the case of a distribution system, the minimum
pressure to be maintained at supply points
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Further Design Issues For Raw Water And Sewage PumpingSystems:

e Security of supply - for raw water main to treatment works may need to consider
twin pipes or local storage

 May need to transport sediment - possibly higher velocities

* Organic slimes likely to develop on pipe walls:roughness may increase with time
disinfection may be required

provision for pigging/swabbing may be required

e Contamination probably not an issue - negative pressure may be acceptable under
some conditions.
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Further Design Issues For Potable Water Systems

o Security of supply - reticulation requirements?

o Deterioration of pipe lining in service - eg hard water? The roughness may increase with time

o Velocity limitations? No sediment to transport but may be restrictions on high velocity to
prevent re-suspension of fine material.

« Potential for contamination entry at air valves, pipe joints. Negative pressures must be avoided
« Disinfection requirements? Residual chlorine levels? Possible need for re-chlorination in
extensive system or long pipeline.
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The design process then covers some or all of the following activities but rarely in a nice logical linear sequence!

1. Decide route (approximately);

2. Initial sizing of pipe - ideally carry out optimisation of capital and operating costs. Consider
pipe material.

3. Consider:

o pipeline longitudinal profile and its influence on the hydraulic operation

« overall system operation

o need for pumping and number of stations

o the system control philosophy and the range of potential operating conditions
4. Carry out initial hydraulic design and assess maximum working pressures.
5. Make an initial assessment of surge problems and consider need for surge
protection.

6. If necessary, reconsider route and longitudinal profile.

7. Consider security and safety.

8. Finalize pipe size(s) and carry out detailed hydraulic analysis.

9. Define pump duties, number of pumps and range of operation.

10. Consider air valve and washout locations.

11. Finalize route and depths of cover.

12. Carry out structural design:-

« consider soil loadings

« vehicular and other live loadings

o potential for internal sub-atmospheric pressures

o temperature induced loads

13. Consider corrosion protection requirements

14. Consider need for pigging and/or swabbing

15. Finalise design of surge protection, valving requirements, thrust blocks etc.
16. Produce construction drawings, specifications etc



SUMMARY OF PIPELINE SYSTEM DESIGN

1.  Think in terms of the energy line - the hydraulic gradient

2. Unless energy is put into the flow (eg pumping) energy must be lost and the total energy line
must reduce in the direction of flow.

3.  The pipeline pressure head is the difference between the piezometric level and the pipeline invert.
i.e. it is a function of the pipeline profile as well as the hydraulic gradient.

4. Generally the velocity head is small relative to the pipeline pressure. Thus the pressure in the pipe
can usually be taken as the difference between the total energy line and the pipeline level.

BUT this is not true if the pipeline velocities are high and the pressures are low

5. Draw the pipeline profile and total energy lines for the full range of flows and pipeline roughnesses.
Consider the cases of maximum and minimum pumping conditions and zero flow.

6. Draw the system curves and pump curves over the full range of possible operation. Consider
appropriate duty requirements for pump(s)

7. Consider potential run-out, need for throttling, NPSH requirements

8. At an early stage consider how the system is going to be controlled.
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Fig. 5.9 Dry room for dry pumps
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Design of the main components of WWPS
Dry well installation

Check valve

Y Dresser

-]
Manifold

GL GL
VUS WIS
Inlet plpe
\
— 7 HWL
B Q
2-3m = 5 &
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— U] X e
Jod
D/2)

Y

Typical dimensions of the vertical section of dry well installation
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Pipe Diameter Selection

The volume of water delivered through a pipeline depends on the following factors:
1) Head (or pressure) of water available at the source, i.e. pump or reservoir

2) Difference of elevation between source and discharge point

3) Diameter of pipeline

4) Friction head loss caused by pipeline

5) Friction head losses caused by fittings, valves, etc.

The diameter of the pipeline is thus selected based on the head (pressure) loss.

Calculation of Head Loss

The head loss of the pipeline is expressed as a function of pipe diameter, pipeline
length and flow velocity of water in the pipeline by the general formula:

LV
h_f[ZIEg

. h: Head koes (m)]
L : Langth of pipaelina (m)
[ Diametsr of pips (m)
[ Mormally nrominal diameater pressntad in metar is wssd )
W o Flow valocity (me's)
g : Accaleration of gravity (= 9.8 m's")
T : Head loss coafficiant

Tha cosfliciant *F s a8 function of tha flow valocity, the liqued comeeyed and
charactaristics of the pipeline [diamsaeter and surface condition of tha pips).
Tharae are numearnous fommulas for the calculaton of "F .



Required Head

¥

:
H = H.+|1|+1£rd + 1000(P:F)

Hi : Actual head (m)
hi - Total head loss (m|

Va - Flow velocity at the end of the discharge piping (ms|

Véf2q : Discharge velocity head m)

Py - Pressure exerted on the dischargs water surface (MPa)
Pa - Prassure exerted on the suction water surface (MPs|

y - Speciic weight of pumped liguid (kKN

\When both the suction and discharge water surtaces are open to te aimasghare, the

total head of e pump & abtained by the followng equafion,

el
I

ar

H=HeH

Where, H: Total head lass including the discharge velocity head (m)
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H : Total head (m)
Hs  : Actual head (m)
Hea  : Actual suction head (m)
He : Actual discharge head (m)
Hs  : Total suction head (m)
hy  : Total loss of suction head (m)
he  : Total loss of discharge head (m)
Ve?/2g : Suction velocity head (m/sec)
V29 : Discharge velocity head (m/sec)




Allowable Flow Velocity

The recommended allowable flow velocity in ductile iron pipes, for design purpose, isshown in Table
4-6 and no more than 5 m/s.

Water passing through the pipeline at a high velocity will abrade the lining. High flow velocity will
increase the head loss in the pipeline and requires larger pipe diameter or higher pump head. It is
recommended in many cases adopting a large pipe diameter even though the initial cost is higher,
because the difference of the material cost and operation cost will be fully compensated by lower
operation cost.
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In case that water contains solid particles such as sand and soil to some extent, it is necessary to
adopt a lower flow velocity to prevent the abrasion of the lining, however to prevent the
sedimentation of them in the pipeline, the flow velocity should be not less than 0.3 m/s.
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Economical Pipe Diameters

Determining the pipe diameter using hydraulic-flow formulas exclusively may not result in
the best size to use. The diameter of the pipe used should be the one which results in the
lowest capitalized cost. The capitalized cost is based on the costs of initial material and
equipment, pipe installation, operation, pumping, maintenance, interest on the investment,
and replacement. On extensive projects, it is customary to design a number of alternative
pipe diameters and select the most economical and practical one.
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Gravity pipeline

In a gravity pipeline, flow velocity should be increased as high as possible by making the
maximum possible use of head drop, but within the allowable flow velocity This leads to
the fact that minimum sized pipe will do the work with the minimum construction cost.

In other words, in a gravity pipeline, the size of pipe will be determined by

the given hydraulic conditions.
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Pumping pipeline

In a pumping pipeline, combination of the size of pipe and head of pumps can be
numerous. If pipe size is small, although the pipe laying cost decreases, flow resistance
(pressure loss) will rise, hydraulic gradient will become acute, and it will be essential to
increase the pump head. Thus, not only the pumping equipment cost becomes high but
the power cost for pumping will be high after operation starts. In contrast, if pipe size is
large, even though laying cost will naturally increase, pumping costs will be low.

In comparing the total expenses involved in the pumping system and those involved in
the pipe system only with operating expenses (interest in capital layout, depreciation
and maintenance costs), there can be only one, optimum economical

size of pipe.
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PIPELINE DESIGN ISSUES

Design process
Almost always the process starts with certain defined parameters:-

o Flow to be delivered

In the case of a main transfer pipeline this would probably be a max daily volume. If
pumped then there may be constraints on the pumping hours.

For a potable distribution system, you need to know the peak demands, the variation
of those demands daily, weekly and seasonally.

In the case of a sewage collection system, average and peak dry weather and peak storm
flows at entry to the system.

o Source levels and possible variations in those levels

o Delivery locations and levels or, in the case of a distribution system, the minimum
pressure to be maintained at supply points
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Further Design Issues For Potable Water Systems

o Security of supply - reticulation requirements?
o Deterioration of pipe lining in service - eg hard water? The roughness may increase with time

o Velocity limitations? No sediment to transport hut may be restrictions on high velocity to

prevent re-suspension of fine material.
o Potential for contamination entry at air valves, pipe joints. Negative pressures must be avoided
o Disinfection requirements? Residual chlorine levels? Possible need for re-chlorination in

extensive system or long pipeline.
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Further Design Issues For Raw Water And Sewage Pumping Systems:

» Security of supply - for raw water main to treatment works may need to consider
twin pipes or local storage

* May need to transport sediment - possibly higher velocities

* Organic slimes likely to develop on pipe walls:roughness may increase with time
disinfection may be required

provision for pigging/swabbing may be required

e Contamination probably not an issue - negative pressure may be acceptable under
some conditions.
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SUMMARY OF PIPELINE SYSTEM DESIGN

I. Think in terms of the energy line - the hydraulic gradient

2. Unless energy is put into the flow (eg pumping) energy must be lost and the total energy line must reduce in
the direction of flow.

3.  The pipeline pressure head is the difference between the piezometric level and the pipeline invert.

i.e. it is a function of the pipeline profile as well as the hydraulic gradient.

4.  Generally the velocity head is small relative to the pipeline pressure. Thus the pressure in the pipe can usually
be taken as the difference between the total energy line and the pipeline level.

BUT this is not true if the pipeline velocities are high and the pressures are low

5.  Draw the pipeline profile and total energy lines for the full range of flows and pipeline roughnesses. Consider
the cases of maximum and minimum pumping conditions and zero flow.

6.  Draw the system curves and pump curves over the full range of possible operation. Consider appropriate duty

requirements for pump(s)
7.  Consider potential run-out, need for throttling, NPSH requirements
8. At an early stage consider how the system is going to be controlled.
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The design process then covers some or all of the following activities but rarely in a nice logical linear sequence!

1. Decide route (approximately);

2. Initial sizing of pipe - ideally carry out optimisation of capital and operating costs. Consider
pipe material.

3. Consider:

o pipeline longitudinal profile and its influence on the hydraulic operation

« overall system operation

« need for pumping and number of stations

o the system control philosophy and the range of potential operating conditions
4. Carry out initial hydraulic design and assess maximum working pressures.
5. Make an initial assessment of surge problems and consider need for surge
protection.

6. If necessary, reconsider route and longitudinal profile.

7. Consider security and safety.

8. Finalize pipe size(s) and carry out detailed hydraulic analysis.

9. Define pump duties, number of pumps and range of operation.

10. Consider air valve and washout locations.

11. Finalize route and depths of cover.

12. Carry out structural design:-

« consider soil loadings

e vehicular and other live loadings

o potential for internal sub-atmospheric pressures

o temperature induced loads

13. Consider corrosion protection requirements

14. Consider need for pigging and/or swabbing

15. Finalise design of surge protection, valving requirements, thrust blocks etc.
16. Produce construction drawings, specifications etc



= Before going on to look at pumping systems we need to aware of the
AI I' Va |VeS impact of air valves on

the operation of pipeline system whether gravity or pumped.

Air valves are used for at least three purposes:-

* To allow air to be exhausted from the pipeline when filling the line and

L | Orifice Orifice tssllewst beekiin o
r i | diameter,D —O' }t—meter’d O allow air packin i

the pipeline is being emptied

b * To discharge air that may collect in the top of the pipeline during
I ’ \ I I - I operation - i.e. when the

line is under pressure

I * As surge protection measures. (But, beware, air valves can also cause
severe surge

problems!)

I There are two basic types of air valve developed primarily to deal with the

I . I I
I ' I first two
k / k /I requirements

\__/ \,__,/ Lo o) ogd clabana ils &) o) ) gliad ¢ fuall daladf o 3 0 plal) B aal) g
i i el o) Apilady # ge il Jaghd SUBS (i,
SBY o (al &0 A o) gl cilabana padind; -

' ' o 13 g AT 5 £l g Joda placall g adl) e e dis Culi¥l bad (e ¢l sl 71 AL lend]
Gl bl &1 8

o 058 Ladie (ol - Jaadil) L) Gl bk e o slell £ Sad) A pany 2B 1) ¢ o) A A0

Jadal) ciad bl

. > E 2 o fala oL Uil o) sgd) cilabasa qasad O ¢Sy ¢ sl &) Ll Bal 5 (e dules i) jals
Pipeline at pressure, P Pipeline at pressure, P S R e R et
S e sl e Jalatll sl JSs Lt g ghat a3 01 ) clabana (e Gl e 63 Ui

Gilathaialf

The difference between the two types is only in the size of the orifice but that has a marked difference on the way each valve works. The 'large-orifice' (LO) air valve is
used for emptying and filling a pipeline.

o When the pipeline is empty the float is held in a cage and air can escape around float as pipeline fills.

o When water enters the valve the float rises up to seal the orifice. The closing force generated by the difference in pressure between the pipeline pressure and the
external atmospheric pressure is greater than the weight of the float so the float is held shut against orifice even if air collects in valve.

o Only when the pipeline pressure drops down to or below atmospheric (e.g. on emptying) car the float drop down and the valve re-open. The 'small-orifice' (SO) air
valve is used for bleeding off air when the line is under pressure. It works in exactly the same way as the large-orifice valve but the closing force

generated by the pressure difference across the small size of opening is less than the weight of the float. Now if air collects in the valve during pipeline operation the
float can fall away from the hole and allow air to be bled off, closing again only when the water level rises and the float is lifted against the opening.

A double-orifice (DO) air valve is imply the two types of valve in a single unit, which is useful as the obvious location for both types of valve is at high points along the
pipeline route There are many variations on these basic concepts and each valve manufacturer has his own designs. There are designs developed for sewage
applications and especially for surge applications where the problem is that LO valves prevent low pressures in a pipeline by opening and letting in air but when the
pressures rise and the air is exhausted they can slam shut generating high shock pressures. So there are valves that let air in but not out and

vice versa and special valves that claim to be anti-slam. Generally air valves are a necessary evil though as they are mechanical units with moving

parts which need regular maintenance. Usually located in chambers along the pipeline route

they are very rarely maintained or even thought about. So if you can avoid their use do so.



Figure 15

Figure 16
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Figure 15 shows the typical locations where air valve should be sited.
Generally LO valves

are required at high points and should be considered at downward
increases of slope where

air might get trapped. SO valves are also required at high points,
relative both to datum and

to the hydraulic gradient; at changes of gradient, particularly where
pipeline steepens in

downward direction, and at regular intervals (< 1000 m) on long rising
or falling lengths of

pipeline.

The reason that air valves have been discussed in some detail is that
they can have a

significant effect on the way a system operates

Figure 16 shows a simple gravity system

but with a high point on route. The hydraulic gradient with a single
optimised pipe size drops

below that high point indicating negative pressures and potentially
siphonic flow. In theory

the magnitude of the flow is dictated by the head difference between the
two tanks

(assuming that the negative pressure is not down to full vacuum)

It is necessary therefore to provide the control valve at the downstream
end of the pipeline

so that closing valve maintains and increases the positive pressures

It is necessary therefore to provide the control valve at the downstream
end of the pipeline

so that closing valve maintains and increases the positive pressures



Pump duty

Figure 21 shows how the curve is used to define the required
pump lift at the design flow rate - the pump duty. We can now
choose a pump to meet that duty However it is not quite as
easy as that. For a start there is never just a single system curve.
A number of parameters are subject to uncertainty and/or
variation:-

PUMP LIFT

‘ System curve
neaa required

l F
|
l';,'l,i‘,"."

J\,:? pumps
|

|
|

¢ ¢ The static lift will change as the levels in the sump and
ump(s) delivery tank change. It will be a maximum when the sump is
| at its lowest level and the delivery tank is fulland a minimum
when the reverse is true.

N ¢ There is uncertainty over the pipe roughness and
(SR consideration must begiven to the deterioration of the pipe in
service - the 'as-new' surface roughness of the pipework
isunlikely to be maintained over time, and certainly not if

Figure 21  Determination of pump duty pumping sewage as slime and biological fouling affects the
pipe.
PUMP System curve for ‘design’ ® There is even uncertainty over the fittings losses (though
LIFT condition: average static lift

+  this is not usually considered unless the fittings losses are a
major part of the total loss - as may be the case in the short
pipe runs within a treatment works for example).

and maximum roughness(?)

Figure 22 illustrates the potential envelope of pumping
conditions with system curves drawn
for the conditions of

Max, static lift,
max roughness

_____ e Maximum static lift and maximum roughness

e Minimum static lift and minimum roughness, and

Min, static lift, | Design flow ¢ an intermediate condition of average static lift and

R TR TOnE, maximum roughness We now have a decision to make in
defining the pump duty as at the design flow rate there

is a range of pump lifts that meet that flow under different
Figure 22 Envelope of system curves conditions. Figure 23 illustrates

the problem with illustrative pump curves added. We could
define the pump duty at any

point between A and C.

— — —— § |
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max roughness 2
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T Min, static if Design flow,
min roughness Q
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Figure 23  Potential operating range of a single fixed-speed pump

Ultimately the design duty for the pump is a decision the system

designer must take but

remember it is not always in the client's best interest to define

the maximum possible duty.

The above discussion was based on the premise of a single
fixed-speed pump required to

match the duty. With variable-speed pumps there is more
flexibility in defining the pump

duty but even so the full range of possible pumping conditions

needs to be considered.

Moreover in most systems two or more pumps in parallel are

used to meet the design duty

as even with fixed-speed pumps there is greater flexibility in their

operation and the stand-by

pump provision is not so onerous. (e.g. with a single pump 100%

stand-by capacity is likely

to be needed; with two pumps only 50% stand-by provision may

be required. With 3 pumps

probably only 33% stand-by capacity is likely to be required).

Figure 23 illustrates

the problem with illustrative pump curves added. We could
define the pump duty at any

point between A and C.

The easiest answer is to require the pump to meet the maximum duty
lift - i.e. point A We

know then that whatever the roughness or static lift the pump will
provide the design flow,

Qo. This might well be required when pumping into a distribution
system for example - if you

have no storage in that system then you must be able ot meet the
maximum demand at all

times. However at any condition other than the most onerous the
pump will provide more

flow than necessary working along its curve between A and A. It
means possibly providing

a larger pump and a bigger motor than may be needed. Remember too
that for the

maximum static lift the sump is empty and the delivery tank full - the
pump is about to be

turned off!

Clearly we cannot choose a duty at point C. Here the pump meets the
design flow

requirement only under the most advantageous conditions and will
normally be operating at

points along its curve between C+ and C.

Point B however might be a more economic duty. It represents the
pump head requirement

at the design flow under conditions of average static lift and high
roughness. As the static lift

changes the pump will be operating at flows between that at B, and
that at B". On a timeaveraged

basis that may be acceptable. Certainly for a system transferring a
daily volume of

water between storage reservoirs, the instantaneous flow is
unimportant provided that daily

rate can be met.



Water Hammer
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Water hammer
Sudden change offlow velocity in a feed water pipe cause the pipe internal pressure to fluctuate widely
transitionally. This phenomenon is called "water hammer", which occurs in the feed water pipeline of
pump in the following cases:
() pump start pump stop control ofpump revolutions valve opening/closing
Generally a serious water hammer takes place when a pump shuts down rapidly with shut offof
the pump driving power due to power supply failure. Phenomena occurring after rapid shutdown
of pump are as described in Subsection 6.1, and the degrees of pressure rise and rop depend on
the followings:

(1) Time-change ofpipe internal flow velocity CD Pump characteristics and moment ofinertial ofa

rotating system
Q Valve performance characteristic, its opening/closing time and valve type
® Type ofpump driver (motor, engine ..)
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Water hammer reducing device

Water hammer can be reduced by making slower the variation offlow velocity
in a pipeline after rapid stop ofpump. However, type ofa reducing device
differs depending on whether it is intended to prevent abnormal rise or drop of
pressure. Upon aims at reducing, combination of several methods will be
necessary.

The typical methods for preventing negative pressure water column separation
and abnormal pressure rise are summarized hereunder.
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Prevention of Water Hammer
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to slow down the change of flow velocity

(2) to prevent the pressure drop

(3) to limit the pressure rise.
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(1)

Method

Purpose

Measure

Selection of Ilow

flow velocity

To minimize the change
of flow velocity

Lower flow velocity, about 1m/s or less, is better.

Selection of larger
GD?

To slow down the change
of rotating speed and
minimize the fluctuation of
flow velocity

Add a certain value of GD* to the coupling. If not
enough, provide a flywheel separately.

Lead of water into
pipeline

To prevent vacuum by
pressure drop

- Provide surge tank.
- Feed water from the suction water level through
separate piping.

Lead of air into

pipeline

To prevent vacuum by
pressure drop

Provide air chamber or air valves.

Use of slow closing
check valve

To prevent pressure rise

Close check valve slowly. Check valve will be
provided with oil dash pot and closed by counter flow
of water.

Forced control of
main valve

To prevent pressure rise

Control the main valve by means of oil pressure,
pneumatic pressure or water pressure, and DC
power supply.

Omission of check
valve

To prevent pressure rise

Check valve and foot valve are not provided so that
reverse running of pump and motor may occur.

Use of automatic
pressure regulator
valve

To prevent pressure rise

This valve opens as motor stops and prevents
pressure change in transitional period. After the
specified time it closes gradually. The discharge flow
from it does not pass through the pump.

Use of safety valve

To prevent pressure rise

This valve releases water when the pressure
reached the limit value. There are balance weight
type and spring-loaded type.




Selection Process

I Where is the transient event initi aleu7 _} |

Upstream end -— 1 An Intermediate poml

T
L]

Pressure | ’ Pressure |
Rises first Drops first

]

Air vessel/ Air vesselT ]
accumulator
Bypass

accumulator
Check valve

Check valve

Rebef system

Surge shaft Vacuum

breaker

{ ]

[
{ Cana
— Bypass device No —~

Downslream end |
Pressu(e Pressure
Rises ﬁrsx Draps first

| lAlr vessel/ |

! [ accumulator |
Yes | |
2 | | Relief system
|

help?

f Air vessel/
accumulator

Feed tank

h
Select Surge shaft '

andior
Design

Surge shaft

Vacuum
breaker
o l

I I

I

Could Secondary Devices eisewhere in the system be of benefit?

e.g. Air valves, Feed tanks Surge shafts, etc

Iect and/or Design

Piping Design Using Stronger Pipe
or Re-Routing the Pipeline

Use of Stronaer Pipework

* |ncrease in capital costs for
pipe, fittings, valves and
instruments

= |ncrease in velocity and celerity
as wall thickness increases

= |ncrease likelihood of fatigue
damage and maintenance costs
if surge events frequent

= Pipe inherently maintenance
free compared to other surge
devices

= Needs to be determined at
design stage

Re-Routing Pipeline

Increase in capital costs

— Land or easement
acquisition

— Direction drilling

— Increased length of pipeline

= Hydraulic grade line above the

pipeline profile reduces potential

for cavitation
= Possible increase in energy
= Inherently maintenance free

= Needs to be determined at
design stage

Stronger pipework to withstand the
pressure surge

Rerouting piping
Change of pipe material to one with

a lower modulus (i.e. thermoplastic
pipe materials)

Flow control valves
Air/Vacuum Release valves
Intermediate check valves
Non slam check valves
Bypass Valves

Gas accumulators

Liquid accumulators

Surge tanks

Surge shafts

Equipment and Processes Solutions

Surge anticipation valves
Relief valves

Bursting discs

Weak pipe sections

Increase diameter of pipeline to
reduce average velocity

Variable speed drives
Soft starters
Valve closure and opening times

Increasing the inertia of pumps and
motors (i.e. flywheels or by
selection)

Minimising resonance hazards and
increase reliability by additional
supports

Investment in more engineering

There are two categories of damage
that arise from surge events

= catastrophic failure of the pipeline
system or equipment

= fatigue failure of the pipeline, supports ,
instrumentation, equipment and

components



Air/Vacuum Release Valves Flow Control Valves

Increased capital costs "
Increased maintenance to ensure effective operation
Use requires extensive modelling to ensure operation in all

Moderate capital cost

Increased maintenance to
ensure they remain

scenarios ,

Not suitable for hazardous liquids effective

Primary duty is for line filling and draining and hence 2 Car_l be used for multiple

location may not be optimal for surge mitigation duties and scenarios .
Not all air valves are suitable for this purpose due to their = Power or instrumentation Drmpiog et
original design _ _ not necessarily required Gonrg S
Valve pitmay be inroad causing problems during = Can be retrofitted

construction or maintenance

Can be retro fitted easily if reducing teesn pipeline already
installed otherwise tee type couplings required to be fitted

Qutlet

Modern Design of Air / Vacuum Change of Pipe Material to One with a Lower
Modulus (i.e. thermoplastic pipe materials)
Release Valve-Ventomat

End Connection:

Type:
Series RBX - Double Orifice (Small & Large Oritice) Flange with screwed studs. H 148 Fluid Transients in Pipeline Systems
wih Aes Shock Oriics Mechaniam . apital cost neutra

Nominal Sizes: Model No's: Pressure Ratings:

et kot S = Not a universal solution

DN200 (87} REX 2501 & 2531 PN25 (363 psi)

Pi4a (20 s because of limited pressure
classes available

WAVE PROPAGATION SPEEDS
Though Wetes in Pipes of Crcutar Cross-section

MANHOLE AR VENTEEH oury
g . DIAMETER EQUAL

2 OR GREATER THAN

NBOF AR YALYE

|
1.40 i Al A

Thermoplastic pipe materials

I
p— properties vary with L
HEai ' 1. temperature, strain rate and
oA time L =

* Does not protect when column
separation occurs

= Wall thickness selection to allow
for vacuum conditions

= Local buckling at above ground
supports to be designed o

* Needs to be determined at , 1
design stage T SOOI,

WAVE SPEED (k!

venT mGheR
ThanpossEE B
WATCRLEVEL

i

—
—




Comparison of Check Valve

Parformance Non Slam Check Valve

= Capital cost increase .

» Fast closing valve reduces : \
surge pressure at pump g s

= Reduces fatigue damage N

= |ncrease in maintenance
low

= |nherently trouble free
= Available as short or long

pattern ¥
» Used extensively in |

0 s = e e_miaPekd 1 < Europe %

—

R o » Can be retrofitted as E =
i R by i B b B valves standard lengths
Noreva Annulus Type Non Slam Intermediate Check Valves

Check Valves

- compact nozzle type design

- non slam

- low pressure loss

- frictionless movement of the disc

» |ncrease in capital costs for check valve but reduction in
rating of other pipeline components

» Effective in splitting the surge pressure rise in two
» Degree of increase in maintenance minimal

» Protects pumps from highest peak pressure

= Non slam check valves preferred

= Valve pit may be in road way causing traffic problems
during construction or maintenance

= Check valves are not considered an adequate form of
isollation and hence should be installed with isolation
valves

» Needs to be determined at design stage otherwise pipeline
needs to be out of service for retrofitting check valve




Hydro-Pneumatic Accumulator  Bladder Type Gas Accumulator

Increased capital costs
Maintenance level high for
hydro pneumatic type

Best located at source of
pressure transient event
Provides secure protection for
positive and negative surge
pressures

Local design and manufacture :
Can be retrofitted if branched Overseas design and

tees fitted to pipework manufacture _
Long lead time Can be retrofitted

= |Long lead time

Increased capitol costs
Maintenance level low for
bladder type

Provides secure protection
for positive and negative
surge pressures

Best located at source of
pressure transient event

Bypass Check Valves
Liquid accumulators

* Increase capital cost

= |ncrease maintenance to ensure
effective operation

Increase Capltal cost = Needs positive pressure
EE ' upstream to provide energy to
Difficult to model without test data Sl eanitation yoide
Inherently maintenance free = Simple and effective for
. overcoming negative pressures
Can be retrofitted but generally a long lead = Does not provide protection for
time positive pressures

= Can be readily retrofitted



FIGURE 4. Swing Check

FIGURE 5. Silent Check FIGURE 6. Tilted Disc®

FIGURE 7. Swing-Flex®
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LEVEL GAUGE

SURGE TANK

DISCHARGE HEADER
FIGURE 12. Hydro Pneumatic Surge Tank

A - 17411 ¥

-2

AR RELEASE
VALVE

AIRNACUUM-
VALVE

SLOWCLOSING-
DEVICE

FIGURE 14. Float, Air Release Valve, Restrictor Disc and Regulated Exhaust Device

REDUCING
CONTROL PILOT

iy

RELIEF
CONTROL PILOT

PIPELINE
CONNECTION

MAIN VALVE

STRAINER

NEEDLE VALVE

—_—

ISOLATION
VALVES

FIGURE 13. Surge Relief and Anticipator Valve
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FIGURE 15. Vacuum Breaker and Air Release Valve
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Earth Pressure due to Earth Cover

Case A: Prism formula

Flp. 61

EorE

L2

H=2Z0m

This formula is recommendad whars
earth cover dapth is 2m or less.

W: = 0.001yH

Whera Wi Earth pressure dus fo earth
cover (MPa)
¥ » Unit wisight of backfilling soil
[y
H: Dapth of earth cowvar [m)

Case B: Marston's formula for ditch condition

Fln. 6-2

H=20m

This formula iz recommendsad whars
earth cover dapth is mors than 2m.

wr= 'DUD'II {1_E-E-|1-H|E:IB
2k tan ¢

Whera, B : Width of trench at the top of
pip= (mj
¢ : Imtarnal friction angle of
backfilling scil {dag.)
k= 1- sin &

14 =in 4

Case C: Marston's formula for positive-projection condition

Flo. 6-3

TEEWﬂ

B =Dk

rmwmwmr

Flp. 64

{banking)

O

| positive- projectian)

This formula iz recommendsd whars the
width of trench is much greatsr than the
pipe dismeter or wnder positive-
projection embankmeant condition.

W: = 0.001CD

Whera G : Coefiicient (See Fig. 6-6)
D : Diameter of pips (m)

Case D: Marston's formula for negative-projection condition

o £ This farmula is recommended under
VT, | negative-projection embankment
1 condition.
(bankmng)
H Wi =0.001CyB
L 5 Where,Ca: Cosfiicient (See Fig. 6-7)
e *m B : Width of tranch (m)
I In Fig. 67, p' = hB
(negalive-prejection)
CGoefficient G Fip.66  Coefficient G Ag. &7
14 '-'.‘.I
o 13- :
f' | 2 7. ,
- h ' 11— -
! j,l"'f 10 i |
8 _ L/ i
: S / R :.r v ;,u
art . 3, 704
a i g fE?{fHF
i s
v | Ry
T3 s ss 7880 a /
——— i_ TTT
0 | |
1 2 3 4 5§ 8 T8 80
Calculation caalliciant: G,




Earth Pressure due to Vehicle Load Caterpillar load by bulldozer

6-2-1 Truck load
Earth pressure due to fruck load is calculated by Boussinesq formula.

W. = 10FaP

Wheara, W:: Earth pressure dus to truck load (MPa)
F : Impact factor (= 1.5)
P : Load of ona rear tire of treck (in case of 250 kN truck, P = 100 ki)
a - Ciosfficient {(See Fig. 6-8 and &-9)

Coafficient = for one truck Fp. &8
w0 emT 8L, TBN2d0 | [ | | 1 | [ 1]

b

| 1
o oS 1@ 45 20 25 30 35 40 48 BO 55 BD

Dapth ol sarth cover (m)

Coafficient = for two trucks Flp. &0
® 10~ %em—? T DH 1 T 11111 [ ] T

1 { | L | _ |
! [ | ]

-
[=]

ol
=

= B G5 & BN -~ &8 @
gg.
s =1
-
|
|
|

alielieE

1
1

| i
es 1 15 20 25 30 35 40 45 50 &HE& &0
Depth ol karth cover (m)

=

Earth pressurs due to caterpillar load by bulldozer is calculated by the balow formula

Fig 640
wiziiiE b
d "
{“’E_ 1R
. nge(1+)
" b+2Htan 8

Whera, Wa : Earth pressure due to caterpillar load (MPa)

n : Mumber of caterpillars affects on the pips (n=1or 2)

H : Depth of earth cover (m)

§ - Distribution angle of caterpillar load (normlly #=45')
I - Impact factor (i = 0.2 for weak ground and i = 0 for others)
b - Width of caterpillar {m)

Qa - Vertical pressurs of vehicle (MPa) (Ses Table 6-1)

Table 61

Class of Buldozer | _qq(WP) | bim) | Cisanoe of caerplrs )
kN 0033 0.30 118
BN 0 | 0% | 142
BN 008 | 04 154
110N 08 | 0% | 148
150 N 008 | 0§ 189




Thrust Anchoring

Thrust forces in water mains are created when the pipeline changes directions (atbends and tees), stops (at pipe
ends), or changes in size (at reducers).To keep the pipeline intact, while there are several methods of restraint
available, the most popular of which are the use of thrust blocks and restrained joints.

Thrust Force by Internal Pressure

1) At band

Flg. &1

L

AR

2) At tee

Fig. &2

&_-_,

3

3) At reducer

Fig. &3

4) At pipeline and

Fip_ &4

T

g

P = 2ph sin—
P sz

Where, P: Threst force
p: Intarnal pressurs
A Secticnal area of pipe
# : Angle of bend

P=pa

Where, a: Sectional area of branched
pipe

P = p(A-a)

Whera, A - a: Changed sectional area

P - pA

Ductile iron pipe is highly accepted because of its excellent
strength, durability and laying workability.

Concrete block should be designed with sufficient resistance to
withstand the thrust force under all conditions, taking into
account laying and ground conditions, size and weight of the
block, weight of cover soil on the block, passive soil pressure at the
backside of the block and friction force at the bottom of the block.
For soft ground, the soil surrounding the block should be replaced
with sand or any other appropriate material which will provide
sufficient passive soil reaction. The bearing capacity of the ground
should also be checked carefully. If the bearing capacity is not
enough, either the base area of the block should be enlarged or
piles to support the block should be employed. There are several
types of concrete block. Some blocks cover the whole bend or tee
and others do not.
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Design of Concrete Block (Fittings encased)

Ductile iron pipe is highly accepted because of its excellent strength, durability and

laying workability.

8-4-1 Design of concrete block for horizontal bend

Pl

hs

—_—

u B

Where, P : Thrust force

W : Total weight at the block bottomn (= W + We +Wh)

Wi Waight of soil on the block

Wz: Waight of water and pipe in the block

Wh: Waight of block

W : Friction force

- Friction cosfiiciant between concrate block and soil
E : Passive earth pressurs at the backside of the block

E =%C.y{hf—hf}€

Ca: Coafficient of passive earth pressurs

C.=tan’(45+ L)
2

¢ : Internal fricticn angle of soil
¥ - Unit waight of soil
£ : Projection length of the block
Fiar the harizonial bend, the concrete block should satisty:

P uW+E

Hote: When conorete block is constnucted under the waler inble, buoyanoy should be taioen inlo

oonsidemton for the design.

8-4-3 Design of concrete block for upward vertical bend

=
]

o] \\: .

Where, P : Thnest force
P4 Honzontal component of the thrust force
Pz: Vertical component of the thrust force
(W — P4} : Friction forca
E : Passive earth pressure at the backsids of the block
F : Active sarth pressura at the both sides of tha block

Concrate block shall be designed to satisfy the following conditions.
* Against the horizontal component of the thnest forca

P, P sin%{ L(W-P2)<E

* Against the vertical component of the threst force

L
2

<W+F

P: =P cos

Fo2F- %C.'y.{hy’-h.*}z{ﬂd} o

Where, B :Width of the block
£ : Length of the block
Cu": Coefiicient of active earth prassure

C. =tan’(45™-4/2)

Mote: When cononets block is constnucted under $he waler tnble, buoyanay should be taken into

oconsidsmdian for the design.



Thrust Anchoring

8-4-4 Design of concrete block for downward vertical bend
Flg. &6

TR W
]
1

Concrate block shall be dasigned to satisfy the following conditions.
* Against the horizontal componant of the thrust forcs

P, - P sin%{p{W+ Pa)+E

» Against the wartical componant of the thrust force

P: — P cos——
2

WsP:2
= < Fu

Where, «: Required bearing capacity of the ground
& - Allowrable bearing capacity of the ground

When the allowsable bearing capacity of the ground is not sufficient. & number of piles
or other countermeasure showld be reguired.

Maoie: When conorebe blodk is. consirucied under the water table, buoyancy showld be telen nio
oorsiderntion for the design.

Resistance is provided by transferring the thrust force to the soil through the larger
bearing area of the block such that the resultant pressure against soil does not exceed
the bearing strength of the soil. Design of thrust blocks consists of determining the
appropriate bearing area of the block for a particular set of conditions. The followings
are general criteria for bearing block design.

- Bearing surface should, where possible, be placed against undisturbed soil. Where
it is not possible, the fill between the bearing surface and undisturbed soil must be
compacted to at least 90 percent Standard Proctor density. Block height h should be
equal to or less than one-half the total depth to the bottom of the block HT, but not less
than the pipe outside diameter D. Block height h, should be chosen such that the
calculated block width b varies between one and two times the height.
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The concrete block, in which whole bend or tee is not embedded and its joints
are exposed, allows accessing the joints during and after the field hydrostatic
pressure test. An example of the design is presented in "Manual of Water
Supply Practices —Ductile-Iron Pipe and Fittings" by American Water Works
Association (AWWA M 41).In this manual, the design procedure of concrete
block on horizontal bend is given as below.
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(AWWA M 41). .
A 14
h
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Qo
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b

The required block bearing area As is:

Pe = hb = SiPV/5Ss

Whars, P : Thiust forca
Sa 1 Safety factor (usually 1.5])
Sa - Horizonial bearing strangth of =oil

Thean. for orizontal bend.

b — ZSEA sinldr2)
- =




Thrust Anchoring by Restrained Joints kil Fi b1

Restrained coupling Kubalock-T Ag. &10
Lock bot oy St bot
Bty
T

e
el --"'-'r'-‘-"] e

- — 7 -T:.__':I.J‘.I— Bl —

=t —

IEME -0
Table &5 . .
O Hl\wicki RN pressLre Hliwatie deflecin angle DN Aloviabie mi'tnuFr'nHunmsm Allviakia daflection ngle
MPa (Mra)
i) o 200 [25} % B0 to 300 25 ]
230, 300 25 200 350 15 E'Eﬁ:
30 20 200 400 25 05
4 20 '8 450 77 e
430, 500 20 "3 50 2 'l
60 15 13y il ki {15
The allowable hydraulic pressure and deflection angle of Kubolock- T are The allowable hydraulic pressure and deflection angle of Kubolock-K are shown
shown in the below table. in the below table.
TF-type restrained joint A, 812 . S remn &7
- - g e
T Sat bol [4-nas) 400 100 3
500 120 43
Fubibar gasket 70 170 30
a00 190 30
] F20 2.0
| o = =
L __“b. 3
= A= = =
Lock ring 1500 380 20
1800 a0 0
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Restrained Length

(1) Forces at horizontal bend

Ay &3

Thie required restrained langths on each side of bend for Kubolock at 1.0 MPa are

tabulated in Tabls 8-9.

Required restrainad langths for Kubolock at 1.0 MPa Table &4
oN | Resirained length L on each soe im)

. B0bend 45" band 22-12°bend | 11-1M%bend Fips= end
ey 28 18 i1 06 fid
| 34 21 13 | 0.7 f2
15 i 30 18 1.0 i
200 6.3 38 23 13 1.1
25 il 48 ) 15 134
300 108 54 32 18 156
5] 130 fid 15 20 17.8
40 150 B3 a0 22 198
45) 171 0.2 44 24 218
500 188 121 44 27 1y
A 24 158 ] 40 &3

Calculation conditions;
- Intemnal pressure: 1.0 MPa
- Earth cover depth: 1.2 m

- Unit weight of soil: 16 kN/m’
- Intemnal friction angle of backfill sil: 30"
- Friction coefficient: 0.3

Where,P -  Thruest force by internal pressurs
faz  Friction force
fa:  Passive earh pressura
L: Restrained length
L:= Pips length

(2) Earth pressura by backfill

Calculation method of earth pressure wvarses dapeanding on the sarth cowvar dapth.
In case that earth cowvar depth to the cantar of the pipe is 2m or less, prism
formula is used. In cass that owver 2m, earth prassure is the larger of that
calculated by prism formula at the earth cowar depth to the centar of pipe is 2m or
that by Marston's formula.

- Prism formuls

‘Whera W : Earth pressure by backfill (kN
¥ :IUnit waight of backdill (kN
H: : Earth cower depth to the center of pipe (m)
He = H: + V2
Hi : Earth cowver dapth to the top of pipae (m)
D : Owrtside dismeter of pipe (mij

- Marston's formula

— ¥ 1- -Bk-mH.l'BE_
= Rtang ' = )

Whera, K :Constant

K 1-sing
T+sing
# - Imtarnal friction angle of soil (degrea)
B :Width of trench at the top of pipae (m)

3y Passive earth pressurs

Fn = fols ccks%

Whare, Fn: Passive aarth presswura (kMN)
frn - Passive sarth presswre per wnit length of pape (kMM

fo = % Gy (Ha*H SR

Ca' @ Coafficiant
Ca' = tan®(d45" + & f2)
Ha = Earth cower depth to the botiom of pipa (m)
R : Raeduction ratio due to circular section of pipe (= 0.5)
L: : Mominal length of pipe (m)

{4} Friction force

Fu = 2fL sin-t
=

Wihare,F. : FricGon force (kM)
fu - Fricion force per wunit k=ngth of pipe{(kNm)

W o Earth pressure by backfill {(kPOm™)
e - Coadficient of friction baetwean pipe and =oil

15 Restrained larmgth
Thea restrained l=ngth shall be so decided that the friction force Fu ples passive
earth pressure F.is largar thamn the thnest forcs P
P = (Fet+Fal/'Sr

Whare, S : Safety factor (= 1.25)

- Incase of L=Ls
In this case, Ls is replaced by L

L = SsP
T 2. sinl(8f2)+f. cos(8/2)

- Il case of L>Ls

| = __ S L. cos(8/2)
_ 2 sin{&2)




Required restrained length for TF- type joint

As resistance forces, friction force between the pipes and the surrounding
soil and passive earth pressure at the backside of the whole restrained
pipes are considered.The required restrained length for moment-bearing
restrained joint shall be calculated so that the resi stance force comes to
be not less than the thrust force and also the bending moment applied to
the restrained joints does not exceed the allowable value of the joint.

g5 (e Juaial G gllaall 2841} J ghall TF
S laaall 4 il g iV G SIaN) B 68 ¢ daglla (g 488
ekl Baddall QY e ALY £ 5adl B i) G Y b eyl & A,
Ball) Jalall Lial) Jua oll o glhaal) KBl Jghal) Gl iy
Ulal g adal) 568 (o A gliiall 568 J&3 Y Cuny
W ¢ samall dagdl) Baidall Jualiall lo didaall pUady) Al jelaii ¥
Juadall (1,
Fig. b1

The required restrained length of pipas Li for the resistance forces is given by the
below aguation.

L= P
2 sin(f/2)+f. cosl(8i2)

Where, & - Safety factor (= 1.25)

At the same tims, the required restrained length of pipes L for the bending moment is
given by the below equation.

Lz Pa’E+.,"I:F'a’E:I!-4frhUE
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Where, P::P:=P cos( 8 /2) (kN)
M: : Allowabls bending moment (kN-m)

The required restrainad length of pipes shall be the larger ane of Ls and L.

The required restrained lengths on each side of band for TF-type joint at 1.0 MPa are

tabulated in Table 8-10.

Required restrained lengths for TF-type joint at 1.0 MPa Tabile 810
DN Resiraines length L on each side {m)
B0 bend 45°band 22tend | 11-14%bend | Ppeend
400 134 a1 40 22 158
450 15.1 T 44 4 218
500 167 10,4 48 27 237
B0 167 132 55 31 3
700 PR 15.2 fi.d 44 X7
B0 249 171 75 33 319
00 212 18y 7 41 #4
1000 203 203 T 44 T
1100 14 24 0.8 47 423
1200 333 232 116 51 44 3
1400 364 254 131 B& 443
1500 34 %9 138 57 514
1600 400 2810 145 59 M
Calculation conditions;

- Intarnal pressure: 1.0 MPa
- Earth cover depth: 1.2 m

- Unit weight of soil: 16 kN'm?
- Internal friction angle of backill soil: 30°

- Friction coefficient; 0.3

Male:

(1) Use of collars of sach end of the restmined pipeline is rcommended
(2} In cose that the totl restmined length is over 100 m at one portion, combination of restmined joint and
conorebe block is recommendsd because unexpecied bending moment beyand the allowable vals

might be npplied io the joint by ground movement and so forth.



Corrosion Protection

Internal Corrosion Protection

9-1-1 Cement mortar lining for pipes

Cement mortar lining is the most common corrosion protection method for
the internal surface of ductile iron pipes for water supply. Pipes are lined
with cement mortar by centrifugal method.

The standard lining thickness is shown in Table 9-1.

1) Type of cement

Cement will be ordinary Portland cement or sulfate resisting cement and the
limit of the use is given in Table E.1 of BS EN 545 Annex E as below.

2) Seal coating

In case of soft water supply, newly installed ductile iron pipes with cement
mortar lining may cause the hardness-increasing (i.e. pH rising) problem
due to the leaching of alkali components form the mortar lining. Even
though this problem will be ceased in early stage, seal coating on the cement
mortar lining may be effective to prevent it to a certain level. Bitumen or
synthetic resin (e.g. epoxy or acrylic)

paint is commonly used as a seal coating material.

9-1-2 Internal coating for fittings

Because of the non-straight pipe axis or non-uniform bore, fittings are lined
with cement mortar by manual method or projection method. This lining
application procedure is not suitable for mass production so that Kubota's
standard internal protection of fittings for water supply is normally by
about 0.1 mm thick synthetic resin (epoxy) coating. Much smoother
internal surface of fittings compared with centrifugally cast pipes accepts
such thin coating. For soft water or acid water, fusion-bonded epoxy coating
for DN1500 and smaller fittings and high-build type liquid epoxy coating
for DN1600 and larger fittings

9-1-3 Aggressive fluids
When aggressive fluid for cement mortar lining will be transported through

Hl-egg‘%% sp sceiéllrggll'ee9§}5all be taken. Aggressive fluid for cement mortar lining

ater (i.e. water with low contents of calcium and magnesium salts)
As an evaluation method of the aggressiveness of water to cement mortar lining, Langelier
Saturation Index will be commonly used (see Appendix A).
3) Sewage
When temperature is high (e.g. more than 20°C), flow velocity is extremely low (e.g. below 0.3
m/s) and flow does not fill the pipe, sulfides in the anaerobic sewage will be reduced to hydrogen
sulfide (H2S) and finally to sulfuric acid
(H2S04) by bacteria which will damage the pipes and other facilities. These phenomena are
observed on not only gravity sewer line but also pumping main at summit portions in the
pipeline and at the discharge portions to the tank.

Tabds 9-1

MNomnal damater Lining thickness (mm)
Cird Myl LSrirmnum
S o SO 1 1.5 25
250 o GO0 1 5.0 4.5
TO0 b 1200 5.0 5.5
1400 0 2000 | 8.0 8.0
21000 i 500 120 100
Table 2
‘Water charactanstics Poriand carment Sulfata resising cemant
(inciuding biast-fumace slug cemeant)
= Wirimurm walne of pH [+] 55
- Iazimmrum comtent (mgdh of:
ﬂ;gEﬁﬁl'ﬂBCﬂ: T 15
sufates (50,77) 400 3000
nﬁ)_]r.;::';j_|n| |:f|,|'gh:| 100 SO0
arrrronivm (MH; ) 3 oo

o L

9-1-4 Special Lining
For aggressive fluid, special lining or other measures should be applied.

1) Epoxy coating

Epoxy paint is of high-build 2-part liquid type and the thickness of the coating will be 300 or 500
microns depending on the type of aggressive fluid.

2) Fusion-bonded epoxy coating

Fusion-bonded epoxy coating has excellent acid and chemical resistances and adhesion to the pipe.
Fusion-bonded epoxy coating material is of solid powder and fuses and forms smooth and thick
coating film when applied to the pre-heated pipe. Fusion-bonded epoxy coating will have a
thickness of 300 or 500 microns depending on the type of aggressive fluid.Fusion-bonded epoxy
coating contains no solvent therefore does less affect the quality of water in the pipeline.

3) Polyurethane coating

Polyurethane coating material is of 2-part solvent free type and the standard thickness of the
coating will be 1.0 to 1.5 mm.



External Corrosion Protection

9-2-1 Standard coating
It is well known that cast iron pipe is highly resistant to
corrosion and consequently,
cast iron pipes have a long service life. This is evidenced
throughout the world by
many instances of cast iron pipes having been in continuous use
for more than 100
years without the need of repair or replacement. Ductile iron
has the same chemical
composition as cast iron and so possesses the same corrosion
resistance.
Generally the external surface of ductile iron pipe and fittings is
coated with at least
70 micron thick synthetic resin or bituminous paint. Nowadays
zinc coating beneath
the standard coating in accordance with ISO 8179 is commonly
used. The zinc
coating for pipe is metallic zinc spray and that for fittings is
zinc rich paint and the
application of zinc coating is not less than 130 g/m2 in case of
metallic zinc spray and
150 g/m2 in case of zinc rich paint.
9-2-2 Protection in aggressive soil
When pipeline route is designed, it is recommended
investigating the aggressiveness
of the soil in which pipes to be laid.
(DGenerally following soils will be considered aggressive for
ductile iron pipes:

* acid soil containing industrial wastes

* soils near the sea or soils containing high content of salts

* peaty, silty or marshy soil

* reclaimed land in industrial area

* ground where corrosion of existing steel/cast iron pipes was
reported

(@BS EN 545 Annex D gives the limits of the application of the standard coatings as
below:

* soils with a low resistivity, less than 1500Q-cm above the water table or less than
2500Q2-cm below the water table

* soils with a pH below 6

* soils with contamination by certain waters or organic or industrial effluents

* in the occurrence of stray currents or corrosion cells due to external metallic
structures
As an evaluation method of aggressiveness of soil, American standard
ANSI/AWWA C105/ A21.5 may be adopted (See Appendix B).
9-2-3 Polyethylene sleeving method
Under normal conditions, standard coating will provide pipes and fittings sufficient
protection to corrosion. However, when pipes and fittings are laid in corrosive soil
areas, polyethylene sleeve corrosion protection method in addition to the standard
coating is reccommended. In this method the entire length of pipe is encased with 0.2
mm-thick polyethylene sleeves in the trench after pipes are jointed. Polyethylene
sleeve prevents the direct contact between the pipe and aggressive soil.
Polyethylene sleeve is the most common corrosion prevention method for ductile iron
pipe to the corrosive soil and is specified in ISO standard (ISO 8180) and national
standards.
9-2-4 Special coating
Even though polyethylene sleeves will provide the pipes effective corrosion protection
in corrosive soil, some ground conditions will limit the corrosion protection of ductile
iron pipe by polyethylene sleeves. They are:

* Resistivity of the soil is less than 1000 Q-cm and ground water fluctuates at the
pipe

* Ground is rocky and ground water flows along the pipeline
In such case, special coating should be recommended.

1) Polyethylene coating
Polyethylene coating is applied by continuous wrapping of the melted polyethylene
sheet extruded from extruder. The standard thickness of the polyethylene coating
is 2 to 3 mm varying depends on the pipe size. Spigot end is however free of
polyethylene and is coated with epoxy paint to not hinder the assembling of the
joints. After pipes are jointed, the jointed portion is normally protected with
heatshrinkable
sleeve or plastic tape wrapping. Polyethylene coating can be applied to
pipes only.
2) Polyurethane coating
Polyurethane coating is applied by spray method. The standard thickness of
polyurethane coating is 0.7 to 1 mm. Spigot end is however free of polyurethane
coating and is coated with epoxy paint.
3) Tape wrapping
Pipe is wrapped spirally with PVC or polyethylene corrosion protective tape. Tape
wrapping is normally applied to pipes on site.
9-2-5 Coating for exposed piping
For the aboveground piping, zinc primer with finish coating conforming to ISO 8179-1
or 8179-2 is recommended.
However, pipelines installed inside or immediately outside of water treatment facilities
and pumping stations may be coated with paints in distinguished color. In such case,
coating system shown in Table 9-3 is reccommended.

Coatng Typa of paint Momenal thickness Coatng work
Sy5EiEm {rmmi
ik Fine: primer .02
i Epiney paint 0.0% | Abwnrks
3 Epcucy MICH paini (.05
4" Epaeey Folurethanaifcrybe paint” .04 [ COn site
1) The 47 cosating will be epawy for pipefi to be rmemersed in waler and posurethane or
acryhc coating for pipeline o be exposed (o air







Pipeline Drawings
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Confirmation of P

ng Conditions

The following pipeline conditions are werified in accordance with the design

references.
Table 181
Procedurns Exampla
{1} Pipe diarmsier Main. DN2D0
Exarrire: the: diamber ol the main pipe and branchas Erinch DN100
{£) Inbemal pressura Static pressure; 4.5 bar

Check the fotal pressure of statc pressure and waber harmmer,

Vuaher hamrmer 3.5 bar

Existing pipeline

(=]
N
AP

1:50

e =

e A SRR

Proposed pipeline

Gradient of
pipeline

Nominal diameter
& wall thickness

Composite angle

Depth of cover || < | |
Pipe elevation
(Center)
i & & 8 & 8 8 8 3 Q2
Ground height 5 2 g 3 2 = = = IS
i 8 883 g8 8 8
Add. distance g g 22 g 2 £ g8 K 8 g
ial di 8 8 8 8 I 8 3 8 8
Partial distance g s S e s 8 2 S8 <8 b4 s
. o - o~ 8 - bt w © B ~ «© i
Station s s s 23 s s s% Sda S 2

Horizontal angle

||
O
S

e

{3} Earth cower

1} For public rads, pipes shouwld bea instaled according i the
comesponding requlations a5 well &5 upholding agreaments
with road administraior.

2) When ppes aie laid in locatons other than publc roads,
enviionmental condibions around the ste, e planned
promcts de shoukd be congidered,

3 Congidernon should be ghven 1o i bured obects Earhcover: 1.2 m

4) In ook regons, ppe Shoukd be buried al a level deeper than
the freazing depth

) Whan buned under roadways with a shalow earth covar,
ppes should be protecied from damages by reinforcameant
wiork of pavernent,  necessary. This prolecion can be
gocomplished by placing concrete slabs o reindonced
concrele sabe on Ihe road surface above the ppeine, or by

instailing gate- or boobype rigid frame
{4} Sol mesigation Sandy soil with low
Invastinate tha soil for the safa snd sconomical piping design. COMOENENSEE
(B} Tl had Eirnidlarenis pisane of
Triifhc: ks chu b fscks o ralraad shoukd be corsidaned bty 200 kM frucks
{6} Fipeine route
Ciordim the: route and postion of plpeing refemng o suvey maps Pﬂaﬁ;ﬂaﬁ;‘;g
{pkan and section) )

Selection of Pipe and Fittings

As for pipes, Class K-9 is normally used. In certain situations however,
pipes with other class will be used depending on the working condition or
laying condition; for example, when the earth cover is extremely deep or
shallow, or working pressure is extremely high or low. As for fittings,
various kinds of fittings are available from standard production. As far as
practically possible, these standard fittings should be employed in the
piping design. Fittings designed for special purposes are available as well,
however they may be more expensive than standard one. Selection of Joints
should be selected from the standpoint of their function.

4l aladiiad aly ¢ DU il K-9 ¢ a¥la &« il gy, 2 IS0
Lgle ¢ paaill Ula i Jaadl Ula o 1ilaic) g AT A fa iy aladin ala
D (585 Ladis gl ¢ Sl gl 1an Bas a1 e ladd) (685 Laie ¢ Jlial) S
S A (pa ABLEA £ 531 R 95 ¢ il Al Aailly Aladl Ladiia of ad o Janl)
(B Al ) il il 038 aladdl i ¢ Liles LSRY) By o) Z LYY (e
G983 8 gt g ¢ Uy dalia dualdl) () 23 daaaal) ciluS ) GuuliY) asaia
Lgdal g B dga 5 (e Jualiall JLA) LR quag Lall) Al (e ST,



Bill of Quantity of Materials

Bill of quantity of the piping materials is determined by calculating the materials according to the pipeline drawings. Careful
calculation without omission is imperative. Cut pipes should be described in an attached table.

Calculation chart for pipe arrangement Table 10-6
DMN200mm Pipeline o Fig. 10-41
3.76 0.10 0.30 et f; ags a5®
Starting point Sx11=650 PR, Sx4=20.0 ¥ ek w5 o poc
.40 014 1.34 opar 1.00 037 230 037
037 0.ar 0.ar
Slope distance (m) 20.00 20.00 18.86 1.14 20.01 6.50 1.74 2.94 1.74
Horizontal distance (m) 20.00 20.00 18.86 1.14 20.00 6.50 1.23 2.94 1.23
Difference of pipe|
elevation (m) 1.01 .21 _
Station Mo.0 + 0.00] Mo.1 + 0.00| No.2 + 0.00|No.2 + 18.86| No_3 + 0.00 | No.4 + 0.00|No_4 + 6.50 Mo.4 + 1190
Verti- - -
cality A 0.962 0.962° o.aE2e 0.962° 0.602° — 0.518° —as o
Deflec- | aaity B 0.962° 0.962° 0.962° 0.602° | —0.516° | —45° o as°
tion -
Horizon-
angle tality —_— — — — — — —_ —
Composi- — — — 0.360° 1.118° 44.484° — —
Bends used — — _— _ — a5= 45° a5e
COther fittings Al et too | g
DN B G e e
Pipe (number) 11 4 1
Cut pipe (B) 3.76 (B) 1.34 (B) 1.00 (B) 220 (B} 1.00
Gradient | - i =0.0168 i=0.0105 | i=0.0090 i=1.0 Lewel i=1.0
Fig. 10-42
N 5x9-450 232 s0avus  5xe-300 2%  Ending point
1.00 097 4.0 0175 0245 0upa T gar
0.37 0.0
Slope distance (m) B.10 20.02 20.03 500 15.00 20.01 B )
Horizontal distance (m) B8.10 20.00 20.00 5.00 15.00 20.01
Elrartei:;:afrﬁ; Pipe — 018 —2.03 0.73
Station Mo.4 + 11.90{ No.5 + 0.00] No.6 + 0.00| No.7 + 0.00 IP-1 Mo.8 + 0.00|No.8 + 0.00
:;ﬂ-t; N -0.516° | —2.908 | —2.908° | 1.048° 1.048°
Deflec- |cality s | —0-516 —2.908 — 2.908 1.048 1.048 1.048
tion - —]
Horizon-
ﬂl‘lglE mm I __T - _— 14.0&’ -_— B
Compos-l  45.516° 2. 3g2° — 3.956° 14.020° —
Bends used 45° — — — 11-1/4° —
Crthar fittings: Bir walwe on 25 Lewved invert 1ee
doubis Nanged N2 = (DeBD
plpe fanged bea
D200 =
FPipa (numiber) 9 B} (B) ] (A) (A)
Cut pipe | (B) 4.0 2.32 1.00 2.50 2.47
Gradient i i =0.009 i = 0.0508 i=0.0183 [

Mote: Cut pipe{A) refers to socket and spigot cut pipe. Cut pipe (B) refers to double spigot cut pipe.
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i =0.009=Level=i=0.009

Mominal diameter DN200 K-8 |
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e e —— N é é #‘ .
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- =
Add. distance | = 2 = =5 = g s 2 S 3 2 =
—_— =5 T — —— R = — e ————
" N - = =
Partial distance = = g H= =] = E = 2= = =
i = —_ o - T E L - o o
14°-01"-19"
Harizontal angle v——— -

(uonass) auyjadid pozNa

vr-01 b



Deflection of Joints

Fig. 12-20

S—
R
¢ —=
W
Offset S
S =Lsing

Where, L : Length of pipe (m)
¢ : Deflection angle (degree)

Radius of curve: R

L

" 2tan(g/2)

12-4-1 Deflection angle of joint
When pipeline is required to be deflected, it can
be done by means of deflecting the pipeline at
joints within their allowable angular deflection
shown in Table 12-3. These angles are allowable
value at pipe laying therefore joints should not
be exceeded. For design purpose, deflection
should be limited to 50-80 percent of the
allowable angle
) jad) @k oo Al ALAY (Say ¢ Y Jad Gl jad) al Lasie
e gal) 4 7 sanall (5 9130 Cil_adY) Crand CBla gll i canliY) Jad
Gl da die g 7 saal) daddl) & LIg3l eda 3412 Jgaad) B
iy G g ¢ aranail) G Al EBlagll Gglad g ¥ N
L £ samal) 49130 (e Ailally 80-50 (As il A,

(1) Procedure of pipe jointing in deflection
(2) Make the trench wider appropriate for the amount
of deflection.
3) Assemble the joint in a straight line, then deflect
the joint up to the allowable angle
4) In case of push-on joint, whole two white lines on
the spigot should not be visible all around the pipe
body after deflected.
il Ay aial Gedia g gl (30111 (),
A9l ) ) Juadal) Jagats a8 of ¢ adifina bod 3 Juadal) aieaty A8
CM\
Sl e Jalslly claud olad ¢ 9% Y o ¢ Dl Juade Adla B
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Field Hydrostatic Test

Flow chart of field hydrostatic Test

Fig. 13-1

Beginning of test

Decide on test section & test pressure

Perform protective work at each end
of test section

Beagin werification work on test section

Install equipment required to fill pipeline

Pearformm repair work

Fill pipeline with water

Drain pipaline

Install eguipment required for pressure test

Survey to locate defects

Perform pressure test on pipeline

Drain pipeline

Remowve test apparatus and protective
wrork from ends of test section

: Connect test section to adjacent pipeline ’
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Example of terminal point for the end of fest section

Water

Pump Test section

Valve chamber

a

2 R
TR P N R TR

b * Pipeline

Adjacent pipefine (] | .' ] tobe tested

( ' 00

@ Pressure gauge

Steel plate Blank flange

or blank flange Valve [F] Pressure recorder
Steel beam .
or ol jack @ Air valve

H Valve or cock
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Fig. 13-2 A newly installed pipeline may be tested to check the reliability of its

performance before being brought into service.

13-13-3-1 Decision of test sect

The test section should be decided on after considering piping conditions
and site situations, for example, ups and downs of pipeline, position of
stop valves and air relief valves, space for testing, availability of water for
the test, numbers of joints, and other factors. While the test section is
being determined, the position of the valves and valve chambers should
be considered, because they may be useful as terminal points for the ends
of the test section as shown in Fig. 13-2.

4.1.2 For pressure pipelines, the length of the test sections shall not
exceed 1500 m unless otherwise specified.

4.1.3 For non-pressure pipelines, the test section is usually the total
length between consecutive manholes or inspection points. If special
arrangements are made to enable testing over only part of length between
manholes and inspection points, then the length of the test section shall
not exceed 1000 m unless otherwise specified.

13-3-2 Decision of test pressure

The test pressure should be determined referring to international
standard or national standard.

5.1.1.3 The test pressure at the lowest point of the test section shall be not
less than the limit specified in a) or b), whichever is greater.

a) for working pressure less than or equal to 10 bar: 1.5 times the
working pressure;for working pressure greater than 10 bar: the working
pressure plus 5 bar;

b) the maximum working pressure

The test pressure shall not exceed

- the maximum test pressure specified in the standards applicable
to pipes, fittings, flanges and accessories, or

- the design pressure of the restraining or anchoring devices.
5.1.1.4 The test pressure at the highest point of the test section shall not
be less than the working pressure at this point.

5.2.2 Unless maximum water tightness is essential, the test pressure shall
not exceed;

0.4 bar at the crown of the pipe adjoining the upstream manhole,

1 bar at the crown of the pipe adjoining the downstream manhole, unless
otherwise specified.

5.2.3 When maximum water tightness is essential, for instance owing to
the presence

of a high water table, springs or wells, a test pressure of up to 5 bar may
be specified.



Example of thrust protection in valve chamber

Fig. 13-3
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Example of thrust protection

Fig. 13-4
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Thrust protection for the ends of test section

(1) Use of valve chamber
If valve chamber has enough capacity to install the
equipment and apparatus required for the pressure test, it
would be simple to carry out the pressure test inside it since
the valve and valve chamber are designed to be able to
resist the thrust force at valve closing.An example of thrust
protection method using a valve chamber is shown in Fig.3.
Note: Closed gate or butterfly valves should not be
subjected to rated pressure from water coming from the
counter-flow direction.
(2) Other thrust protection
An example of the thrust protection method other than
that in valve chamber is shown in Fig. 13-4.
For low pressure or small diameter pipeline, portable
steel plate with reinforced beams or wooden timbers
can be used instead of concrete blocks as shown in Fig.
13-5.Care should be taken to the strength of the thrust
protection.
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Example of thrust protection

Fip. 13-5
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Example of layout of test equipment

13-3-4 Water filling

Water filling shall be carried out slowly verifying that air is
being released from the pipeline. It is very important to make
sure that air is actually being released during the water
filling. Insufficient ventilation will lead the test to fail and
compressed air by the water pressure is very dangerous. If
leakage is found during the water filling, leaked point should
be repaired immediately. The pipeline should be left in the
water-filled condition for at least 24 hours to stabilize the
pipeline.

cf. ISO 10802, Sec. 4.4

Filling should normally be carried out at the lowest point of
the section to be tested and at a rate slow enough to ensure
that all air is evacuated. The pipeline shall have air-venting
facilities at all high points. As a guide, the flow-rate during

Fig. 136 filling should not exceed 10 % of the design working flow-
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rate. Cement mortar lined pipelines require a period of time
after filling (depending on site conditions) for absorption by
the lining to take place.
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13-3-6 Testing

The pressure test should be carried out referring to the international standard or national
standard.

5.1Pressure pipeline

5.1.1 Preliminary operations

After filling and before application of the test pressure, maintain the test section at the
working pressure for a sufficient period of time for it to stabilize with respect to line
movement under pressure, water absorption by the lining, etc.

5.1.2.1 Falling pressure test

Maintain the test pressure constant to+0.1 bar, by pumping if necessary, for a period of at
least 1 h. Then disconnect the pump and allow no further water to enter the test section for
a period of at least

1 h for DN=600, 3 h for 600 <DN=1400, 6 h for DN>1400

At the end of this test period, measure the pressure in the test section. Determine the water
loss either by measuring (to an accuracy of +£5 %) the amount of water it is necessary to
pump into the test section to restore the test pressure to within+0.1 bar, or by restoring the
test pressure and measuring the amount of water it is necessary to draw off the test section
to produce an equivalent pressure drop.

5.1.2.2 Constant pressure test

Maintain the test pressure constant to +0.1 bar, by pumping if necessary, for a period of at
least 1 h. Then maintain the test pressure constant (to +0.1 bar) in the test section by
pumping for at least

1 h for DN=600, 3 h for 600 <<DN=1400, 6 h for DN>1400

and measure (to an accuracy of £5 %) the amount of water used to do so.

5.2 Non-pressure pipeline

5.2.1 After filling and before application of the test pressure, leave the test section for

a sufficient period of time to allow water absorption by the lining.

5.2.4 After a test period of 2 h, determine the water loss by measuring the quantity of
water it is necessary to add to restore the initial level in the upstream manhole.

13-3-7 Judgement

The judgement for the pressure test should be done referring to the international standard
or national standard.

6 6.1 Pressure

pipelinesThe water loss shall not exceed 0.001 litre/hour/kilometer of pipeline/millimetre
of nominal size/bar of static pressure (average head applied to the test section). 6.2 Non-
pressure pipelines

The water loss shall not exceed 0.1 litre/kilometer of pipeline/millimetre of nominal size.
However, when a test pressure in excess of 1 bar is specified, the acceptance criterion is that
of pressure pipelines.

13-3-8 Drainage

After the completion of the test, water should be drained from the pipeline. If the adjacent
pipeline section is to be tested, the water may be available for the next test.

13-3-9 Removal of thrust protection

Thrust protections at the ends of the test section should be removed when the tested
pipeline is to be connected to adjacent pipeline. However, when the adjacent pipeline will
be tested these thrust protections may be available for it.
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Connection to adjacent pipeline

After the adjacent pipeline has been tested, the test section
should be connected to it. Examples of the connection are

shown below.

Example of connaction at valve chamber

Ap. 13-1
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Piping in Soft Ground
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Calculation of Settlement Amount The assumed amount of setflement at each point of the planned pipeline route should
be checked on the basis of soil investigation results.

ﬂﬂﬂ[liliﬂ i [lfﬂ]ﬂ ﬂkl"l“ﬂﬂ F!] 1 There are threa calculation formulas for the settlement.

- E-‘u-e H
1+8:

A

3im

Where, A: Amount of settlement due to consolidation (m)
g . Initial void ratio of undisturbed ground
: | : e : Void rafio after loading
T Halm H : Thickness of strata to be consolidated (m)
) < mv : Volume change of soil (coefficient of volume compressibility) (m#/kN)
o =30 C. : Compression index of soil

P : Praceding load of undisturbed soil (kN/me)
= 1sll AP Increased load (kN/m?)

AP =1.AW

2 Imahly v D1 1]

|- Influence value by depth
AW : Increased load (kN/m?)

Sand The following is an example of calculation used to estimate the amount of settlement
when pipe is laid in soft ground.
(1) Conditions

Pipe: DN1000 ductile iron pipe, Class K-9

Ground: Soft ground (unit weight of soil y = 10 kN/m?)
1 The value of mv at each layer is shown in Fig. 14-2.

b— Excavation: Width 2.2 m, earth cover depth: 1.5m

Backfilling: with sand (unit weight y = 18 kN/ms)

3amafy miy= (.06 % 107




Piping in Soft Ground

Deflection of joint Fig. 14-3
L
/ I'\. 4 | ;
e -
T
d=Lsinf
Where, & : Amount of deflection
L : Length of pipe
8 : Deflection angle of joint (See Table 12-3)
Mote. As for Amount of deflection & and deflection angle ¢ of the joints, sse Table 12-4 and 12-5.
Adaptability of flexible joint to pipe setilement Fig. 14-4
=
b

g

5= L{ztan3+2tan23+21an33+---+2tan%3+tan%3}

Where, n : Number of pipes to the maximum settlement point (odd number)

An example of the amount of pipeline settlement by successive joint deflection on
90m long pipeline by 6m long pipe is shown in Table 14-1.

Example of adaptable pipeline settlement (6m long pipe, 90m long pipeling) Tabie 14-1

Joint deflection angle 8 (degree) 05 10 15 20
Maximum seflement & (m) 0.84 1.68 252 3.36

The maximum expansion of push-on joint and mechanical joint is shown in Table 14-2
and Fig. 14-5.

Uneven settlement
Settlement differences of pipeline will occur;
1) ) in areas that have a variety of thickness in lower consolidation
strat
2) ) at the boundary of structures which do not subside and soft
ground, a
3) ) where solid ground changes to soft groun
In case of uneven settlement, it is first necessary to estimate the
settlement differences. It is especially important to make
calculations based on data obtained through soil studies as
mentioned earlier. Countermeasures should be implemented as
follows according to the results of the calculations.
1(( At g ) cligh 3 Ae giial) cilSland) cld (glidal) 3
2(( 1« ARl a1y 1ags Y AN JSbgd) agaa e
/ 3(( ) Abal) Apa ) i Cua nuOrg sl
ISy agall o Ay gaad 1) (358 i i (g g el e ¢ AR g A gadlll Al B
LaS 4 i) il 33 JOA (e Lle Jgand) & Al clibd) o sl clbiluall £ a) gald
blad) bl By ) sadl) o Salaall cilel a¥) LE5 Wil U S3,
(1) Small uneven settlement
There is no need to give particular consideration if final uneven
settlement is able to be absorbed by the pipe joints only. Pipes
should be jointed within a half of the allowable deflection angle. If
there is a possibility that even settlement is greater than assumed
values because of uncertain factors such as inadequate boring
data, application of collars might be examined as a
countermeasure.

(2) Large uneven settlement
If uneven settlement cannot be absorbed by the pipe joints only,
examination for next countermeasures should be carried out to
determine whether it can be absorbed by collars or not. Collars
have twice the allowable deflection angle of mechanical joint and
also a large amount of expansion (See Table 14-3). Generally a
number of collars should be configured in the design.
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Self-anchoring Flexible ]oint Then it is required that the joint is capable of preventing slip-
TS-ype joint ) out and allowing an angular deflection, self-anchoring flexible
Fig. 146 TS-type joint can be employed. TS-type joint allows an
expansion until it is locked when pipeline is settled, and can
withstand the slip-out force within its allowable maximum
[-.,--ﬁr_fsamlt restrained force. Therefore the joint must be selected so that
the amount of estimated settlement of the ground to be less
than the amount of estimated settlement of the pipeline.
Pipes with TS type joint are available ranging from DN400 to
DN1600. The allowable angular deflection and maximum
pressure under deflected condition are given in Table 14-4.
TS type joint can be used as a conventional flexible push-on
—— ’ joint if lock-ring is not set and spigot pipe with no groove for
: TS type joint is not used.
Note. When expansion joints are employed in a ductile iron
Lock fing pipeline, a well-balanced design should be executed giving full
consideration to the characteristics of the expansion joints
and those of ductile iron pipe joints, i.e., rigidity of bending
and expansion-contraction, slip-out prevention capability, and

~Rubber gasket

Table 14-4 So on.

DN | Allowable angular deflection | Allowable maximum pressure Gl Al lawdl g (BY5) aa Ao 1538 Juaball (98 O gl (4

under deflected condition (MPa) £ (e Juada aladind (Sarg ¢ 5915 TS Jealall oy il 513
400 1°45 21 E5ill (o TS 598 Jaal diSayg ¢ i) bl il wie 4ldd 24y s saailly
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Curved Parts of Pipeline Precaution for Pipe Laying 51 comt ) o) B2 8 U1 g G A il ha) lo Ll capd) gl 5 gind
Pipelines invariably have vertically or horizontally curved stretches in the mainor  yicil, 4 aa0 g@ Al ARl Jatdal) Cupy ada § b 4 jatal) JlAL oda cosedi o il

branch pipeline. Th_ese deflected Points cause thrust forcg dL_Je to the interr!al cﬁ f\.dl..uﬂ\ Jisyy a8 Anladd A ubfh" g& A " Jasal) Eua e le.uﬂt
pressure therefore is protected with concrete blocks in principle. However in = " . Tt LT . A C e T LT,
extremely soft ground, concrete blocks might cause uneven settlement of the GJ9 G9S Cay ppaall] ‘5{”"“” o ‘“C.’Julﬂ ""*L':Y‘ b 4‘%"“"“ > f"ﬁ’f‘""
pipeline. Consequently, it is necessary to arrange the design so that the weight of pladiuly avaual Jas g el ba e Aafical) o) JaY) G35 Gglasa £15aY) 028
these parts is equal to that of straight parts of the pipeline. A design using e ) e iag 13a dagea Jalas P aaul) Lt | 8 Juadll ‘_,A T@sa A LasS Bala CBla g
restrained joints should be made as described in Chapter 8. The followings are Qe dua gﬁ Y g dis,
very important points to be considered when laying pipes in soft ground. 14-7-1 i) ey
14-7-1 Pipe installation . s e, A P, . . ot e e L
It is important to prevent ground softening by kneading of the soil at pipeline s QA 4“‘}“ i) Bd s m 4 A U“’ ik s 94}!\“0#3.. ?" H“‘}‘ 8
installation especially in case of extremely hydrous clayey soil. It is also important Jualda gl i G ) ¢ sl Ly e@-‘” O Agdl dgilal) dgduhal) 45 30
to correct any improperly declining pipes or deflected joints at each occurrence. B e S ‘_,a MJA.\A
It_|s highly recommend_able m_aklng a sa_nd _bed on the trencl_1 bottom. etc.. At these oap ‘_’3 A8 gad) olaall G geuia ()9S . &) sl &13 g& ey iy Jary Bady s
sites t_he water table W|I_I be high :fmd so_ll will be very corrosive. Theref<_)re at the . :\.,Uﬂ\ il 4 £ U] g Jadaiy ;u;f g& A ISl 3-.033‘ ) 55 g Lol ya g\}d‘
planning stage and during the soil studies, the corrosiveness of the soil should be . T v N T e SN R
evaluated by means of boring and soil test. If necessary, special corrosion Aald d:"“““ e ¢ AN pA ) AN sda sl a:uhu" ‘\-.U-f” JSU podl Gy
prevention measures should be applied externally to the pipes. Polyethylene GEla) sl als Gyl ‘;3393‘ by, A3k pladiu ol La el g“' Lala Jetal) b‘-d
sleeving method is usually used as an additional corrosion prevention measure Jolisal) aas culsly st el
147:2 Backfling. 147200
-7-2 Backfilling Tt i . sz g @ C T e .

Pipeline settlement is particularly great during and just after backfilling so that it ‘*‘M o Mf ‘ fﬂu o..u.,u ‘“J” ;-.L\i\ u‘j‘é M, l‘-‘b.bf‘ ‘,*"um b"%h M"‘,‘f M
is important to backfill pipes evenly and carefully. In some situations, it may be "‘*u\{‘ G sl e G5 8 ) pany (A 'A*L“d.‘;’“‘éJmQ ‘*"":m (Y
necessary to suspend pipes by wire ropes during backfilling. After the completion 5,38l 43 ill puda g adny guals ¢ a2l (e £lgaN) aay 2,0 LT Al Jlad) ddaad g
of backfilling, it is advisable not to place excavated soil, heavy machines or 2 IS i) Jaghd ) i) adal canli¥) (398 LSilSeal) colanal) o) ALELY <YYo
mechanical equipment over the pipes so as to prevent irregular pipeline ‘,53_,‘
settlement. 14-7-3 ikiy) £ 5

14-7-3 Removal of sheeting

When the trench wall is protected by sheeting, care should be paid at the sheeting AlLlall Gasi 'Cbm i) i jaad) EAH e C""Ml* braaa Gaidl) jlan (95 Lasie

removal. The problem here is that, in some situations, carefully installed pipes A 3) sie daaal) Lgaua ga (e Agling Aifial) i) & ol ¢ c¥lal) ang A& ¢ 45) B Ua
move from their established position when sheeting is removed. One A ) Jaall Ailia A 3o ay A Y1 A8l LR g Balaal) Cilsl Yl ) z) 61
countermeasure is the selection of removing method after careful consideration of S al) ) Jad JPRVEN e a5 siwa gﬁ ClBNEAM ald i) £ G
the ground features. Special attention should be given to the differences in the salg il g& fal) 44y b RIPEIS B ¢ gl e ‘3{.43:-\_

ground level on either side of the installed pipeline. Depending on the

circumstances, grouting method may have to be employed simultaneously. 14-7-4 V) oy 923

14-7-4 Floating of pipes slaall i gauia Lgad 008 Al YA (o panl) lin ¢ daslil) oY) B ¢ lld ) ALyl
Additionally in soft ground, there are many cases where water table is so high that s aia & Jlad 5 S da e b aa 1 | gilall A o A& Ul Gl ()5S0 Eunay 13a Bk ja
the empty pipes are apt to float. Backfilling at an early stage is effective in &) aal)) il aey Saa CBg £l B elall culi¥) o ey Ly a5 ALkl
preventing this phenomenon. It is further advisable to fill the pipes with water as pull 2l) ’ Exle T T "4_9_11)

soon as possible after installed. (Refer to Section 11-9-4)
14-7-5 Corrosion prevention

14-7-5 Jst) aia

Generally soft ground areas include coastal reclaimed lands, sludge areas, peat ¢ Slaal) (ghliag « dalaial) 3\.)1;1.‘...\1\ @l ) ale Jdy M‘ w2 Ghlia Jads
areas, etc.. At these sites the water table will be high and soil will be very O9Si g i o 48 gl oluall o puuia (498w ¢ 2Bl gall 02a B MY ) Lag ¢ Gl (hliag
corrosive. Therefore at the planning stage and during the soil studies, the oe &gl Jst Al G ¢ Ayl el o ¢l g Jadadsl) A 4a gg SA | ISl agad 4y gl
zz::ss;\aleness of the soil s_hould be eyaluated by means of boring _and soil test. If uk’ Gaa Jstal &"‘3 ald o Gl g ¢ J.a‘aﬂ ?33 1) _Z..aﬂ\ sia JLgd) gk
ry, special corrosion prevention measures should be applied externally to AR .. . . LT 4
the pipes. Polyethylene sleeving method is usually used as an additional Laa Y JSU pdal Al o)l Galiy) (A gall dagy A8 aladid oy La Bale oY)
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Piping under Special Conditions

U gl o e (ONTO0 0 D00

Fig 15

Relnforced concrete Rib

Coment morarling ~~ Flénge

T0-ype facking ducie Iron pipe (ON3OO to DN600)

fig 132

Reinforced concrete

o Flange

/ /

!

Cament mortar Iining

15-1-2 Jacking method

There are some pipe jacking methods such as automatic jacking, semi-
shield jacking and hand-mining jacking. Automatic jacking and semi-
shield jacking methods employ special jacking machines. In case of
hand-mining jacking, pipe is pushed into the ground by hydraulic jacks
and persons should enter the pipe to carry out the soil in the pipe. This
hand-mining method is recommended to DN1000 and larger pipes. An
example of equipment for hand-mining jacking is shown in Fig15-3.Pipe
jacking method can be used to install a pipeline in the ground without
trench excavation. This method is applicable for negotiating obstacles
such as roads, railways, canals and rivers.

15-1-1 Jacking ductile iron pipe

Body portion of jacking ductile iron pipe is sheathed with reinforced

concrete to make the whole outside diameter uniform along the pipe

axis. Jacking force is transferred to the socket face through the puddie

flange welded on the spigot of the connected pipe. There are two types

of joint for jacking ductile iron pipe. They are push-on type (TD type

joint) for DN300 to DN1600 and mechanical type (UD type joint) for DN700
to DN2600. Basically jacking ductile iron pipes are manufactured in
accordance with Japanese standard (JIS). The nominal pipe outside
diameter by Japanese standard is slightly different from that by ISO
standard, therefore change collars or change spigots shall be used to
connect pipes of these standards. (Refer to Chapter 12) However DN700
to DN1600 jacking ductile iron pipe with push-on joint may be supplied
with ISO standard pipe.
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Piping under Special Conditions

General arrangement of
pipe jacking equipment

Spacer-blocks stock yard

Pipe yard
and place for
excavated
material

Hydraulic pump Spacer blocks

3

Stand for jacks

jacks

Belt conveyer
Shut-out board j Carrier box

J Hydraulic Thrust ring

Lead pipe

—Jacking ductile iron pipe - - 8 (

)

IXX3

Thrust wall

Guide rails

L
Drainage pit




Piping on Sl()pe -200 for aboveground pipeline
: -250 for underground pipeline
Concrete anchor block design 5 P1p
Given: Slope: 0 Required :

Pipe: DN x long, Class K-9 (Outside diameter D) Dimensions of concrete block
Weight of pipe include the lining and water in the pipe: W KN  Thickness of block: H

Allowable adhesion strength of concrete to pipe:Ta kN/m2 B. Width of the block
Allowable vertical bearing strength of the ground: qa kN/m2 p epth of block in the ground: h
Allowable lateral bearing strength of the ground: ga® kN/m2




Aboveground Piping
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Pipes should be secured to the supports with steel straps and rubber band so that
axial movement due to expansion and contraction caused by temperature change
is absorbed at individual joint in the pipeline. Fittings, such as bends and tees,
which will produce thrust force due to internal pressure, should be protected with
anchorage.
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Piping in Tunnel U-type joint

Socket Rubber gasket Gane

Spigot Mortar filled

(1) All jointing works can be done at pipe inside so that the'space between the inside of tunnel and
outside of pipes can be made minimal. This means pipe diameter can be made maximum.
(2) Jointing work uses no fire or welding, therefore pipes can be jointed safely in the tunnel.

(3) Assembling of mechanical joint is easy.
(4) U-type joint is flexible, therefore it will be possible to lay pipes according to the curvature of

the tunnel.
(1) ore 138 A WA g (3431 JAID (p Adlesal) JIBS ¢Sy Cumg AR G g2V (B Jaa 5l Jlas | aaea #1500 OSay
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Elevation

River Crossing
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There are two possibilities for river or channel crossing, i.e., over-crossing and under-crossing.
Over -crossing is by hanging the pipeline on a bridge or by water-bridge. Under-crossing is by
open-cut after shut the flow, pipe jacking, or shield method.
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River-bed crossing
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(1) Itis recommended laying multiple pipelines for maintenance.
(2) Foundation work for under-crossing should be conducted with greatest care, most durable
materials, and most reliable construction techniques.(3) For the protection, under-crossing

pipeline should be covered with concrete
Other protective measures should be taken as necessary.
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Cross section
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Railway and Road Crossings

7Z7d _— Rail

Casing pipe

Filling sand

Ductile iron pipe

In recent years, when a water
main is required to pass
underneath a railway or road,
pipe jacking method or shield
method is often employed to
minimize the disturbance of
train or road traffic.

Pipes to be laid under a railway
should be encased in protective
devices such as closed conduit,
casing pipe, etc. to prevent
direct impact or railway load
and vibrations.
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P1p1ng Inside Buildings
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Insertion of Tee into Existing Pipeline
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