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PREFACE

The construction of Islamabad as the capital city for the nation

of Pakistan commenced in October, 1961, and the water works beéan té
supply water in 1963. Since then, the demand for water inéreased marked—
1y with the increase in population. Thus; the sharply increased demand
for water had to be met by building small headAworks, cne after another,
along small rivers and brooks Uﬁioh flow near the outskirts of the capital.
.Such‘addition of head works has never given a satisfactory solution to the
problem of constant shortage of water supply. The shortage in volume of
water supply itself coupled with the various problems set forth below

have kept the capital in a chronic state of water shortage throughout

the whole year as pointed out in the Pre~feasibility Report on Water

Supply in Islamabad, prepared by Japanese Survey Team in October, 1970.

(a) Huge amount of water is wasted through leakage in iransmission

mains, distribution lines and broken valves.

(b) Imperfect distribution networks stand in the way to uniform

supply of water to service areas.

(¢} Metering of all home connections is no} operated normally.
To be more specific, wabter meters are installed only in some
part of consumer connections and many of those installed

are out of order.

Thus, the aforecmentioned Pre—feasibility Report points out that the
following measures should be taken immediately to give an early solution

to this serious situation of water shortage.

(1) Water leakage control

(2) Sound management of metering system

-1 -



(3) Rearrangement of existing distribution networks to ensure

uniform water distribuiion.

These are invariably the most basic works indispensable for the
satisfactory maintenance and operation of water supply systen.

The water works as an enterprise is to supply an ample amouni of
water with sufficient pressure hygienically and inexpensively to consumers.
Water leakage and wastage proves to be a major loss in all aspects, namely,
from the viewpoints of hygiene, guantity, pressure and economy. Water
leaks occur in all the supply ipstallations, particularly in pipe lines.

In addition to the leakage to the ground surface, leakage can quite of ten
occur under the ground. Water penetrates into the soil under the surface
in some cases and it flows down and finds its way into the sewer in other
cases. Such underground leakage sometimes eséapes cur observation. The

latter leakage, if allowed to take its own course, will grow in quantity

and eventually account for the greater part of water leakage. Therefore,
a well-programmed work of survey is required to be coﬁtinued against pos-
sible underground leakage.

The wastage of water should be prevented by providing individual
consumers' service connections with water meters and establishing the
metering system. This is importani also from the standpoint of rational
operation of water supply system as it will ensure col;qction of appro-.
priate water charges. Thus, each water meter is expected to measure the
flow of water correctly and, as a rule; has to have a diameter equalling
that of the service pipe. The meter should be installed at such point
_in the premises that it permits easy meter reading and should be protected:
sufficiently against entry of filthy water; or breakage or deterioration
due to damage or impact by hard objects., When the valid period of inspec-—

tion has terminated, the meter should be inspected again.



Control of distribution and consumption forms the most fundamental
problem from the standpoint-of operation of water supply system and it
is performed by using the accounted-for quantity as the yardstick. At
the enirance of pipe system,; the volume of supplied water is measured.
At the fterminal of pipe system, the volume of water used by consumer
is measured. The ratio of accounted-for water is the percentage ratio
of the latter volume to the fommer volume. This ratio ought to be 100%
if supplied water is not lost en route somehou or other, Actually, how-
ever, the ratio is generally at a considerably low level because of leak—
age in the pipe system, wastage caused by the mechanhical trouble or leak
of water meter, etc,

This manual, therefore, aims to describe technical methods covering
the water leakage control which is the =implest yet most imporiant step
in the management of water supply system.

Nihon Suido Consultants Co., Tokyo, who provided majority of the

field survey team, was commissioned by Government of Japan through OTCA

to prepare this manual,
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CHAPTER I. WATER LEAKAQGE DETECTION

1~} Waste Water

By "waste" is meant that portion of the total ocutput of water which
iz not used by the constuers or in the operation of the water undertaking,
or is used extravaganitly.

Waste may be caused by the followings -

(i) Leakage from reservoirs, mains and other works of the under—
taking, and from consumexrs' pipes and fittings, through: -
(A) apertures or porosity due to faulty materials or

construction, or to corrosion or erosiong
(B) fractures in structures or plant caused by subsidence;
shrinkage of soils (especially clamp), vibration, water
hammer, temperature changes, or, in the case of mains
_ in public roads, fractures caused by other road userss
() defective jointsj
(D) faulty washers or seatings in draw-off Tittings.

(ii) Bad design.

(iii) Failure, either wilful, careless or accidental, to turn

off taps after use.

(iv) Undue consumption caused by drawing more water than is
needed, either into utensils, or througﬂ hosepipes for
garden watering or washing vehicles,

(v) Misuse of water, such as the wasteful employment of water

for cooling purposes, or unauthorized use.

In all cases leakage is intensified by unduly pressures.
The aggregate amount of leakage, quite apart from misuse or undue

consumption; may be from 10 to 25 per cent of the total output. Few



undertakers can seriocusly claim a figure of less than 10 per cent, whilst
in some areas, where perhaps_pressures are high or vhere insufficient
gtaff is available to ensure efficient waste prevention, the wastage

may amount to as much as 50 per ceni. To give an idea of the losses
which may take place from a pipe containing water at the comparatively
low pressure of 45 1b/sq.in., 360 gal. daily will escape from an orifice
only 1/16 in. in diameter, enough to supply four average households.

The most serious leaks are those which take place underground; they
may persist for months or years without giving any surface indication.
There is thus need for constant and unremitting efforts to discover
these, and all other leaks, and there is room for improved methods
throughout the whole field of waste prevention.

The result of waste is to require additional water resources, larger
works and mains, additional labour and fuel for pumping, and extra staff
for repair work. Furthermore, waste reduces the available pressure in
water mains, perhapg to a seriocusly low figure. A gallon saved is a
gallon gained, and money spent on efficient waste prevention may obviate
the need for far greater expenditure on new supply works, particularly

if all local resources of good quality have already been q@iliééd.

1-2 Prevention Methods of Waste

Methods of reducing waste include the following: -

(i) propaganda and public instruction;

(ii) provision of a repair and rewashering servicej

(iii)enforcement of by-laws énd regulations to ensure the provision
of high quality service pipes and fittings;

(iv) inspeotion of new, altered or repaired service pipes and
fittings;

(v) surveys of all premises supplieds



(vi) metering of suppliess

(vii) reduction of pressure and establishment of zones of
pressure;

(viii) dimprovements in materials, design, lay-out and construc—
tion of works and services; and

(ix) economy in use of water for scouring mains, back-washing

filters; and other waterworks purposes.

(a) Propaganda

The importance of enlisiting the help of the congumer in
eliminating waste is now being increasingly recognized, and
many authorities give much attention to the problem of educat-
ing the public, especially schoolchildren, in the need to use with
care the supplies of pure water made available at great cost, and,
in many cases, with increasing difficulty. Co-operative consumers
are as valuable as waste inspectors, and they are on the spot all

the time. Consumers' fititings and pipes are responsib}g for the

majority of waste.

{(b) Repairs Service

The provision by the water authority of facilities for the
rewashering, renewal and adjustment of taps, and repairs to
service pipes, at the lowest possible cost, undoubtedly encourages

consuners to rebort leaks promptly.

(c) Bye-laws

The needs for sanciions to ensure the maintenance of reason-
able siandards for pipes and fittings has been recognized, grant-
ing the power to make bye-laws. Scme suthorities exercise statutory

power to test all new fittings and stamp them if approved,

-
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(d) Inspection of new work

It is necessary not only to make rules, but to ensure observance
of them. All new work should be inspected and passed before permis~
sion is given to put it into use. Pipes should be examined to see

if they are of correct veight or gauge. Fittings should be checked

and the test marks found.

(e) Surveys

It may be as well to mention here the importance of making
detailed inspections of all consumers' fittings every few years for,
no matter how vigorous the system of initial inspection may be,
there are always possibilities of evasion of regulations. The
opportunity could then be itaken of recording statistical informa-
tion such as, for example, <he number of people supplied in each
house, 3o as to obtain an accurate figure of total populaticn

supplied.

(f) Metering

Industrial supplies and those afforded to hotels; schools
and large institutions are almost invariably given by measure.
In such cases it is easier to test for leaks and obsexve undue
consumption. The metering is a logical way of detecting waste;

and of discouraging excessive use of water.

(g) Zoning

Leakage from an orifice is proportional in quantity to the
square root of the pressure of the water, so it is desirable to
limit ﬁressure to a reasonable figure, which is sometimes taken
as 45 1b/sg.in. In hilly districts of Islamabad, considerable

¥

variations in pressure will necessarily arise, bui these should

+

be reduced to a minimum, as also should be the pressure fluctua-

~ 10 -



tiqns brought about by small mains and their high frictional
losses, by thé provi;ion of terminal storage oxr mainé of
adequate size. The area qf supply should be divide& into
pressure zones, each conirolled by service reservoirs or water
towers. In*many cases, booster pumps or preséure—reduoing valves
may be needed to increase or decrease pressures. When there are
considerable changes in ground level, the feeder mains for some

zones may cress other zones.

(h} Improvements in materials and design

There is also need for improvements of materials and designings
employed for water supply. PFor instance; of all water fittings,
tha one responsible in the aggregate for the greatest amount of
waste is the stop valve. It is therefore advisable for CDA to
establish a standard for mamufacturing fittings after careful

studies of sitandards of Japan and other industrial countries.

1-3 Water Leakagé

No matier how completely a water supply system has been planned,
designed and constructed, this system cannot be said to be recelving
proper maintenance and control if it suffers from constant leakage of
large volumes of water. The water pressure decreases and the waste
in the cost of water production at head works increases with the
jnereasing volume of leakage. Wholesome operation of water works can
hardly be hoped for under such conditions. When a distritution pipe
1ine or service pipe line leaks and the supply of water through this
line is suspended for repair works or some other purposes, filthy water
from a nearby drainage or pool is suctioned through the point of leakage
into the line. Thus, the water within is defiled. 'This may expose the

consumer to serious danger; In the case of & system of deficient water

- 11 -



supply, effective prevention of leakage saves large volumes of water
which would otherwise be lost through leakage and serves to mitigate
shortage of supply to some extent. Thus, leak detection and repair
plays an important part in the whplesome operation of financially
strained water works business,

The most important things to be borne in mind for the vater leak-
age prevention are:

~ Full self-consciousness -

Every member of the water works personnel should fully appre-
ciate the importance of his role in the water leakage prevention
works, which are aimed at ensuring water guality, water volume
and water pressure, rendering the operation economical, and eventual-

1y promoting the welfare of the general public.

~ Kindnees -

As a servant for all the consumers, every member should dis-
charge his duty solely for tne benefit of the geﬁeral public.
Even in ths fulfillment of water leakage prévention works, he
should conduct his duty while taking care to show kindness fo

and not to inconvenience citizens, He should deal with any

citizen in a like manner.

~ Responsibility -

Water leakage prevention works are not in the least attrac-
tive compared Wi%b some other works which are gay in outward
appearance. These works are not achieved successfully unless
every member engaging in the works assumes his responsibiliiy
for his duty and discharges.the duty with full faith., He is

required to exert all his ability to the work.

- 12 -



Leakage prevention works require the following organizations.

~ Leakage prevention gr&up -

The purpose of this group is to ensure proper and smooth per-
formance of leakage prevention works. The group taﬁes charge of
planning leakage prevention, making necessary investigation, and

collecting statistics on the survey of water pressure.

— Leakage prevention works'! group -

This group iz responsible for the execution of all field works
which form the most important part of all leakage prevention works.
No matter how rationally leakage prevention may be planned, the
leakage prevention contemplated cannot be achieved unless field

works are carried through to perfection.

— Meeting of persons in charge of leakage prevention -

Persons of supervising status responsible Tor leakage
prevention meet once monthly toward the end of each month and
discuss schedule of works and procedure of works for the next
month. They also exchange views on problems relating to the
performance of leakage prevention works so as to give solutions

to problems and work out improvements wherever possible.

1-4 TNature of Water Leakage Prevention Works

Leakage prevention involves troublesome works of detecting.hidden
spots of leakage and giving necessary Tepairs to detected spois of
leakage in the increasingly more complicated urban and traffic conditions.
More hardships are experienced when much iime is wasted in locating spots
of leakage and desired resulis of work are not achieved than when works
are progressing smoothly. Further, the task reguires special technigues
and skill in the use of guch ‘precision instruments as leak detector and

pipe detector and in the detection of highly complicated distribution

- 13 -



pipes and service pipes. The members assigned to the leakage prevention
works' group are required to be able to give necessary repairs not only
to distribution pipes but also to service pipes. Thus, the leakage
prevention workers must make efforts to improve skill, accumulate experi-
ence, and master technique day after day. If they deal with the works

in any easy-going manner, they can hardly achieve the end of works.

Fven if individual workers are fully skilled, they cannot achieve desired
resulte of work unless they combine their efforts to the fulfilment of
works., This only ends up in vaste of time and labor. Effective team
work and sense of responsibility are preconditions for successful fulfil-

ment of leakage prevention works.

1-5 Terms Related to Leakage Prevention
o Water consumption — Of the water produced, that indicated on the water

meter and water consumption not accounted~for.

o Water loss — Of the water produced, that believed to be lost through

leakage and other similar causes.

o Water consumption paid-for - That water which is supplied to consumers

and for which due charges can be collected.

o Water consumption not accounted-for — That water used for washing pipes
or for fire fighting and not jndicated by the water meter, for which
no charges can be collected.

o Meter—insensible water - When the flow is very small, the passage of
water through the meter is not reflected on the meter reading sometimes

though not fregquently. Meter-insensible water refers to the volume

of water whose passage through the meter is not indicated on the meter.

o Water production - That water forwarded from the water reservoir to

the supply area. The water production is divided into the water

- 14 -



consumptidn and the water loss. The water consumpition represenis the-
volume of water used and the water loss represents the volume of water
lost through leakage and gther causes. Where there is a faif difference
between the water production and the water consumption, the relationship
betiueen the two volumes must be reviewed. If the loss is large, leakage
prevention works are executed as reguired, as a matter of course.
Leakage and leakage ratio — Leakage is possible to occur throughout the
entire water supply system. Leakdage prevention works are particularly
required for underground leakage which occurs predominantly on-distribu-
tion pipes and service pipes. BSince leakage increases or decreases in
direct proportion to the square of water pressure exerfed on disitribu-
tion pipe in question, the pressure of water in the distribution pipe
should be considered in comparing leakage. It is next to impossible to
make a direct measurement of the aggregate volume of leakage occurring
in the whole supply area. ‘Thus, the aggregate volume of leakage may

be estimated on the basis of the volume of leakage determined for
smaller sectors through direct measurement in the oourse of leakage
prevention works. The leakage ratio refers to the ratio of leakage

to water production and serves as one yardstick to tell the condition

of leakage.

1-6 Detection Method

Waste or leakage may take place from impounding reservoirs, aque-
ducts, service reservoirs, mains and services. A rough idea of the
amount of leakage from a service reservoir and from the area it supplies
may be obtained by measuring the quantity ﬁhich has to be pumped ox
passed into the system to maintain the reservoir level during night hours,
after allowing for the quantity being taken by factories on night work,

etc. Reservoir may also be tested for leakage by shutting them off for

- 15 -



a time and measuring the reduction; if any, in water lévél.

To test t%unk mains, the mosé_efficienﬁ methoq is to install a
meter (Master Meter) on the line into the isolated section. Valves
are closed as may be needed in arder to isolate various sections of
the main, and the variations in reading show the losses between test
points, all branches, of course, being shut off. Valves must be tested
to see whether they cut off comﬁletely or not, and faulty wvalves should

be replaced.

1-6-1 Detailed Inspsction

The detection of individual leaks is carried out in various
ways; and the method described here is one generally applied to most
water works. The programme in any selected area where the master
meter is in operation may be as follows: -

(i) TFollowing examination of master meter records, a distrigy
will be selected where, after allowing for night consump-
tion, if any, in factories, etc. the night flow is high,

Mg, 1-1 shows a typical "open run® Tlow chart which
indicate a minimum night flow of 2,000 g.p.h., as com-
pared with an average flow of 3,250 g.p.h. Waste in
this case is therefore 61.1/2 per cent of the total average

flow, if no water is being used during the night hours.

Total day flow is obtained by adding the average hourly
quantities, whilst the total day waste is estimated by
mu}tiplying the minimum night flow by 24. Where night
pfessures are higher than day pressures; this estimate will

be on the high side.

(i1) A house-to-house inspection will be made so as to

discover where taps need rewashing,

- 16 -
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(iii) A thorough waste water survey or valve inspection will be
carried out, and this-will give the amount of leakage and misuse

in each branch main and the premises connected to it.

1-6-2 Leakage Survey

The service area is divided up into districts, each embracing
from, say, 500 to 1,000 houses. The mains, connections and valves
are arranged so as to permit each district, when required., to take
the whole of its supply through one valve., The master meter test of
open-run gives a chart showing ihe variation in the rate of flow into
the whole district. Zach district should be tested in this way at
intervals of not more than two years or so. By conducting this
scheduled work of maintenance, the condition of the pipe networks
can be known and illegal connections may also be discovered.

This scheduled work for leakage survey gives emphasis on
detection and repair of underground leakage of water. For detec-
tion of such leaks, an iron pipe detector, a leakage detector etc.
are utiliged. It is necessary to check to see whether the water
leakage has been securely decreased down to a certain limit after
the repair. Consequently, the work requires considerable labor and
skill. It also requires a careful planning of thg work on the part
of the chief of field engineers and 2 strong sPifit of responsibility
and perseverence on tie part of the working personnel as a whole.

An appropriate method for this scheduled work must be decided
to meet the capaciiy of the water supply system, the type of pipe,
the amount of leakage, the number of persons in a work force, etc.

In the following, an outline of the method of work that can relative-

ly easily be applied o a moderate size water supply system like as

CDA is given.

- 18 -



) Metnod . S

(1)

(ii)

Dif;dipg‘thgrserviqe area into districts —— the districts are
to b determined according to the valves, which are unit dis—
tricts for leaﬁhqe survey work. The length of tLe pipes in
each dis%f#otwshoﬁld‘appropriately be from 1 ¥M to 2 KY or
embrace from 900 to 1,000 houses in view of opening and closing
operation of the valvesa. Consequently, it is necessary that M
valves may be added tg ghorten the lgngth of the pipe lines.

The amount of leakage is to be measured and the repair of the

TS

leaks is 1o be made district by district. If the resultant
rate of leakage is within the allowable level, the survey way
be considered completed. Fig. 1-2 shows an example of survey

district.

Investigation and Repair of valves

The valves are most important in determining the district for
water leakage survey. Those valves missed underground must be
&ug out beforehand, and faulty ones must be repaired or replaced
to make all the valves in good condition ito shut off the water
flow completely. It is also important to raise the valve box,

¥

if {there are any chance to have the valve buried.

- .

The maintenance of the stop valve for each premises is an
important part which influence the precision and 5pee§ of the
leakage survey work. Many stop valve boxes are often found
buried underground. For this reason, all the!stop valves must
be carefully located without any missing. DIven a stop valves
lef't unclosed can lead the measurement of the leakage to a
failure, so sufficient care must be taken.

Stop valves whose locations arve not clear or inappropriate

- 19 -
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(iii)

(iv)

must be placed in a proper place, and they must be main-

tained in good order.

Location of pipes

Por the water leakage survey, the location of pipes and
valves should be exactly checked using the pipe or valve
locator. This is one of the main preparatory works to

be conducted along with the shut—off of the valves. In
this preparatory work, the length of the pipelines should
be measured and recorded in the drawing of existing distri-
bution pipe lines prepared by The Second Japan Survey

Team of Water Supply in Islamabad.

Measurement of Leakage before Repair

One fire hydrant outside the district is connected with
another in the district through 2 hose, and a water meter
and a water pressure gauge each are installed in the
middle of the hose. By feeding water from ocutside the
district into the district, the water flow and pressure
are measured., The diameter of the water meter is to be
selected for the sensitivity of the meter depending upon
the rate of leakage in the district. Initially when the
leakage rate is not known, water meters of various sizes
have to be prepared. However, vhen there is some guess
about the rate of leakage, it is a good idea to combine
two water meters, the one with a large diameter and the
other with a small diameter, for convenient operation.
For example, a wet type water meter of 50 mm dia. and of
20 mm dia. make a combination and when the rate of leakage

is high, the one of 50 mm dia., is used and when the leak-
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(v)

(vi)

age is small, the other of 20 mm dia. is used.

Before beginning the measurement, it is necessary to
malkke it sure that the valves in the district are all com-—
pletely closed. If all the valves cannot be completely
cloged, the measurement should be stopped.

If the flow of water is measured when the stop valve for
each consuner is closed, its value will show the leakage
rate on the distribution pipe line and the service pipe
upto the stop valve in the district.

IT one district can be further divided into smaller
districts, it would help to know the rate of leakage in
each smaller district.

In the measurement of water flow, the indication of the
water meter is read out every six minutes,; and then the
ieakage amount for six minutes is obtained by getting the
average of five readings, and this is multiplied by ten
and the rate of leakage in the district for an hour can

be obtained.

Repairing Leaks on Ground

This work is to Tepair water leaks on ground after the
measurement described in (iv). This werk is to be done
before the detection of underground water leakage. It

is to avoid confusing the sound of water leakage on ground
surface and underground at the time for detecting under-

ground leakage.

Detection of Underground Leaks
This is the most important and difficult:job in the

soheduled work for leakage prevention., The engineers in

- 22 -



charge shall go around to investigate the entire pipe lines
in the district with the meter reading of leakage in mind.
Paying attention to the sunken surface of the ground and
checking the quality and quantity and direction of flow
in a sewer by opening manhole covers, underground leakage
may be found.

If it is difficult to know whether water is from the
distribution pipe into the sewer or another source, test

the water by means of residual chlorine test. If some

residual chlorine is detected,; there is some qater leaked
from the distribution pipes.

Following the above procedure, a leak detector is used
to know the exact point of leak. This device can catch even
slight sounds of leak. For this reason, the detection of a
leak is usually conducted in the gquiet of night time.

A team of two workers shall go around the district with
2 sound bar and a valve opener, and check all the valves,
fire hydrants, etc. ty applying the sound bar to each of
them to see whether there is any leak sound. TFor example,
il a leak sound is detected at a valve, determine whethar fhe
leak ie before or after the valve by opening and closing it.
Namely if closing the valve makes the leak sound disappear,
the leal @s down-stream the valve. On the other hand, if
the leak sound remains even after closing the valve; the
leak is upstream the valve. Another team with a leak
detector shall check the distribution pipe lines by placing
the piclup of the detector with an interval of about 1 m on
ground and whén a leak is suspected the interval shall be

shortened for careful examination. If a water leak is
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(vii)

(viii)

detected by means of a sound bar, the exaect spot of leak
should be located. If the exact location could not be
determined by a sound baf alone, the leak detector should
be utilized to get its spot.

In uszﬁg a water leak detecior, only a skilled hand may
get a leak sound from other noises. Tor this reason, it

is important that the worker who uses a leak detector

should familiarige himself with its use.

Repairing Leaking Spots
Leaking spots detected by spending much time; cost and
trouble should be completely repaired without substituting

it with a mere stopgap.

Measurement of Leakage Afiter Repair

The measurement for the rate of leakage after the repair

work has been completed must be conducted in the same method

to the measurement before the repair werk. The work for leak-

age prevention may be considered completed when the rate of

leakage becomes within the permissible limit. The permmissible

liﬁit, when it is taken too high, reduce the effects of the

leakage prevention. On the other hand, when it is taken too

low, it will require too much trouble to complete the leak-

age prevention. For this reason, this permissible limit

must be determined appropriately depending upon the period

given for the work, the degree of skills of the workers, eto.
The permissible limit for the rate of water leakage in

City A of Japan at its inception in 1949 was 1.5 m3/hour

per 1 km of the distrxibution pipes regardless of its dia-

meter. It was changed since 1951 to 1.0 m3/hour and is at
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present 0.6 m3/hour. The permissible limit for the water
distribution pipes of 350 mm and less in diameter in City
B of Japan is 1.0 m3/hour per km when the water pressure

is 2 kg/cm®,

1-7 Desk Uork for the Leakage Prevention
(i) Report of Results
The results of the leakage prevention should be written
down in a report concerning the rate of leakage, repaired leaks
such as the length of pipes by different diameters, the number

and nature of repairs, valves and so on,

(ii) Completion Drawing
The distribution pipes, fire hydrants, valves, their diameter,
length and the positions of wvalves, etc. should be plotted
in the completion drawing. This completion drawing is made
in a scale of about 1/1000 usually, and the pompletion draw-
ing of CDA is in a scale of 1/1000 as the same of drawings

of existing distribution pipes, of. Fig. 1-3.

1-8 Organization of Survey Team
For CDA Water Works, it secems suitable that one team devoted to
the survey of leakage within one district is composed of 7 to 9 members

as follouws:

Qverseer one FPoreman tivo
Plumber one
Labourars two to four
Pick-up driver one

This one team should be equipped with the following items:s
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1. Pick-up one

2. Distribution pipe drawing one set
3. Pipe detector two

4. Leak detector two

5. Valve locator one

6. Sound bar four

7. HMaster water meter two

8. Pressure gauge three
9. Bicycle three

The sizme of the master meter should be determined on the basis of
the leakage rate. TFor example, a water meter of 75 mm is to be used
first, and when leakage water is less, a water meter of 50 mm is used.

An iron pipe detector is an application of radar: its transmitter
emits an electrical wave into ground and if there is any metal body
underground the electrical wave gets reflected to cause rescnance in
the receiver of detector. These electrical waves have directivity, so
the strength of the wave indicate the location of the metul bedy.
Consequently, such metal body as water pipes, buried valves; etc, can
be detected from above the ground to know their positions, directions,
deflections, bends; branches, centres and depths; etc.

A leak debector catches with its pickup a sound vibration caused
by the leak, amplifies it into an electrical vibration which is heard
with its receiver to judge whether there is any leak.

A sound bar is a simple water leak detector. It is constructed
by mounting a metal plate on the head of an iron bar and by making this
plate into a receiver through putting it in a bakelite frame, etc.

When the tip of the sound bar is directly pui in contact with a valve

or tap, etc., a leak in the pipe, if any, transmits its sound through
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the iron bar. This sound bar is a convenient tool for detecting a leak

in a corporation cock, stop valve, service pipe, efc.
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CHAPTCR 2

WATER LEAK REPAIR

2-1 General
1. The kinds of existing pipes (steel pipe, cast iron pipe; asbestos
cement pipe, etc.), the pipe diameters and so on should be confirmed
at the earliest possible date by checking them on the spot against
the drawing.
Basgd on the data obtained consequently, arrangements shall be

made for supply of pipes to be required for reinstatement.

2. The sheathing work at an excavated spot should be carried out
in a more reinforced manner than that in an ordinary pipe-laying
work, with sheet pipes placed more densely so as to endure the
impulse from water which may spurt out of a pipe in trouble.

In 1lifting or lowering a pipe, use of bracing materials or rigid
stuba may be required. Thus, necessary materials for this purpose

must be prepored in advance.

3. Where the ground at the site of work is particularly soft,

it may prove to be more advantageous to place conecrete on the
bottonm of excavation; allow the concrete to harden and start the
work after the concrede has been hardened so aslto facilitate the

performance of work,

4., The time required for remcval of defiled water affects most
the schedule of work. Bo, 1t is advisaﬁle to determine the volume
of water trickling into the excavation and the volume of water
retained in the existing pipe in advance and install a discharge

pump for ready use.
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In consideration of possible pump trouble and deterioration of

efficiency, it is wise to. prepare a standby pump.

5. A robust crane should Ve used for lifting a pipe in trouble and
lowering and setting in position a new pipe. The winch should be
examined carefully to confiim safe working condition of brakes and
holdfast. The size of wire rope, the number of vheels in the pulley
and the bench rope should be checked to ascertain their safe working
condition. UWhere a truck crane or similar article is used, a careful

examination should be given to it in much the same way.

6. In lifting a faulty pipe and lowering and setting to position a
new pipe, there must be prepared a perfect scaffolding, supports,
foot-boards, sleepers for the pipe, packing and so on. The new
pipe should be cleaned of foreign matter and then disinfected prior
to installation. Meticulous care should be given to the handling of

pripes particularly on rainy days or during night.

7. The foundation and the protection of pipes should be carried out
by exercising the same precautions as in any ordinary pipe laying work,
Where the work involves the use of a pipe of large diameter contain-
ing a bend of large angle, there should be provided protection suffi-
cient to withstand the water pressure exerted vhile in service.

A typical method is to immobilize the bent pipe against the caloulated
water pressure with the aid of pemmanent bracing materials or bracing

rings.

8. The work of refilling and tamping of earth should be carried out
by exercising the same precautions as in any ordinary pipe laying work.

The work should be started after water has been passed on trial
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through the newly laid pipe te confirm absence of irregularities.

9. When the work is prétracted into night hours, sufficient illu-
minating facilities should be prepared and checked for safe work-
ing condition. Eleciric bulbs with holders and candles must also

be prepared for ready use.

10. The names and quantities of tools, machines and necessary
materials should be entered in a field record. Those which have
already transported to the site of work should be checked against
the record one by one so as tc ensure smooth execution of work.
When the work is continued throughout the night hours while the
supply of water is discontinued, arrangemegts ghould be made for

having a cargo truck kept near at hand if required.

Table of machines

Chain block, breaker, winch, air compressor, universal
marmal winch, diaphragm pump, lead melter, generater,
welder, motor, powered discharge pump, chipping hammer,

gasoline—driven pump, pipe cutter and powered hand grinder.

Table of tools

Tools for earth works, tents, tools for iron pipes,

clips, valve openers and tools Tor asbestos cement pipes.

Cast Iron Pipe

1. In the case of leakage through the joint of a socket pipe, ihe

leakage should be stopped by recaulking where there is allowance
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for caulking. In the absence of caulking allovance, the socket
pipe should be rejoined.by first melting the 0ld lead by the

burner and then laying new molten lead along the seam.

2. In the case of leakage along the joint of a mechanical joint

pipe, the leakage should be stopped by retightening the bolts.

3. In cutting a pipe, there should be used a pipe cutter. The
cutting may be done manually under unavoidable circumstances.

In the case of manual cutting; a standby pipe should be prepared
in consideration of possible failure. Tools, particularly chisels
and dias, are most susceptible to damage. So, they should be fully
examined with respect to steel materizl and condition of hardening.

It is also important that ample stahdbys are ready for use.

4. Prior to separating two adjoining pipes at the joint, the lead

along the seam should be melted and removed.

5. In laying a new pipe with a part out off, the length of pipe
to be cut off should be determined by first finding the exaot
length of the part expected to be cut off and then deducting an

allowance of length from the exact length.

6. In the case of a socket pipe, due precautions should be exer-
cised to avoid making a mistake in the location of yarn in the

circular joint.

7. Ample supply of lead and yarn should be prepared for the work
of joining pipes. The laborer in charge of lead melting should
keep constant attention to the progress of pipe ?nstallation work
;nd regulate the melting of lead in accordance with the progress

of work so as to avoid excessive or insufficient melting of lead.

- 33 ~



2-3

8. Insertion of yarn and lead caulking should be carried out with
the same precautions as in any ordinaxry pipe laying work. If the
caulking work is protracted by some reason or other, extra laborers

should stand by to relieve coworkers at suitable intervals.

Asbestos Cement Pipe

1. I% is advantageous to use a motor-powered hand grinder for
cutting a pipe. When a hand saw is used for cutting this pipe,
precautions must be exercised lest the impulse exerted by the

motion of hand saw should break the pipe.

2. Two adjoining pipes are joined in much the same manner as in
any ordinary pipe laying work, When one cement pipe is to be
joined with a pipe of different kind (cast iron pipe or steel

pipe), the joining should be made by using a special fitting.
PVC Pipe

1. At the socket portion of the pipe being inserted, the length

of pipe available for insertion should be indicated by inscribing

ve
i

a mark.

2., The inside wall of the socket of one pipe and the ocutside
wall of the inserting end of the other pipe should be wiped clean

with rag.

3. In cutting a pipe, prescautions should be egercised so that the
cut plane runs exactly perpendicularly to the length of pipe. This™
can be done by preparatorily inscribing a mark perpendicularly with
reference to the axis of the pipe and cutting the pipe along this

mark by a saw of fairly large width. Scratches or steps formed on

the cut surface of pipe should be removed with a file. Then the
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pipe should be cleaned of saw dust on both inside and outside.

4. In joining two pipe eﬂds, the insertion of the end of one pipe
into the socket of the other pipe should be completed quickly.
Excess adhesive agent which has cozed out of the joint should

be removed quickly with a rag.

2.5 Bteel Pipe

A minor repair may be accomplished by using a split joint ring or
locally welding a spliced plate. Where the repair requires replacement of a
part of pipe line, the faulty part of pipe line should be cut off by using
2 gas burner and replaced with a new pipe of same or other kind.

Where the steel pipe line is corroded over a considerable length, the
affected pipes should be removed and replaced with new pipes of same or
other kind. In making this replacement, the mules applicable to the pipes

in question should be observed.

2-6 Plastic Steel A (Devcon 4)*

Plastic Steel A is generally used for repairing p;oken machinery,
pipe etc., for it has the consistency of putty and is és easy to use as
modeling clay. It contains 80% steel and 20% epoxy materials with modifiers.
Because of the large amount of steel present, its expansion and contraction
are very close to iron, and therefore, a repair made with Devoon 4 is usually
permanent., This material has excellent adhesion to iron, steel, and other
metals as well as glass, wood and many other surface. It has good tensile
and impact strength as well as outsbtanding chemical resistance. Plastic
Steel A is easy to use. No heat; pressure or special equipment is necessary.
Simply mix the hardening agent that is supplied with each container of the
Deveon and apply to damaged area.

Plastic Steel 4 is used successfully throughout the world for repairing
broken valves and cracked pipes.
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As Plastic Steel A cannot be used effectively in the presence of
water, the flow of water in the pipe must be stopped completely and the
pipe dewatered.

The surface of the pipe including and surrounding the spot of repair
is dried by blowing off water from the drain pipe or fire hydrants.

The cracked vortion and its immediate neighborhood are beated up by a
torch lamp and scrapped with a2 file until the surface has been rubﬁed
off completely. The Plastic Steel A is spread on the scrapped surface
to cover up the crack. When a large hole is pitted through the wall of
pipe, a metallic sheet is applied over the hole and the mixture of
Plastic Steel A is spread over to fasten the sheet against the pipe
surface while precautions are exercised not to allow excess mixture to
enter into the interior of the hole.

After application of Plastic Steel A, the immediate neighborhood
of the repaired portion with a raised surface is warmed up by a torch
lamp. The plastic steel is hardened in approximately two hours of time.

Then the pipe is ready for service.

* A proprietary name for plastic steel. This is handled in
Japan by the following agents
Kimmon Marmfacturing Co., Litd.
No, 2-3, Shimura l-chome
Itabashi-ku, Tokyo
Japan
2-7 PRCC Pipe
In February, 1971, the Second Japan Survey Team for Water Supply
in Islamabad conducted a water leakage survey at Sector F—6/3, selected
ag a district for the purpose of survey.

In the existing PRCC pipes; leak spots were detected nearly always

at intervals of 10 to 20 feet by the leak detector. Since the situation
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indicated replacement to be more economical than repairing, the existing
PRCC pipes were dug out. Leakage was found to ocecur along joints as a
matter of course. However, cracks were found to have developed near the
center of most PRCC pipes in the circumferential direction. Leakage also
ocourred through these cracks. These PRCC pipes were mamfactured by a
local factory. An inspection of this factory revealed that no tension
was applied to the steel wires incorporated in longitudinal direction.
This has led to a conclusion that, after PRCC pipes had been laid under
ground, there occurred uneven settlement which consequently exerted
bending moment at the center of each pipe and that the pipe strength was
not sufficient to withstand the resultant tension. As an immediate
measure for the protection of PRCC pipes against leakage, blocks made of
fast-hardening concrete incorporating a quick-setting admixture were
used to cover up cracks or leak spots on pipes or to enclose the pipes
completely.

At any rate, it is evident that the abnormally large quantity of
leakage experienced by CDA Water Supply System is ascribable predominantly
to the inferior performance of the existing PRCC pipes. It is, therefore,
highly advisable to replace all PRCC pipes with DCIP, SP or asbestos
cement pipes before starting the scheduled water leakage control programme.
In the future water works, use of PRCC pipes in distribution line should be

avoided by all means.
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CHAPTER 3

WATER METER REPAIR

3-1 General

3~1-~1 This Chapter is intended for use and guidance of the supervis-
ing staff in charge of the newly established water meter workshop,

cf. Fig. 3-1, in Islamabad under Capital Development Authority. It
describes various operations of repairing work in the order of sequ-~
ence as per Japanese practice. This does not include water meter
accuracy test which shounld be carried out on everyone of the meters
ingtalled after every four or five years as an overall maintenance
programme, but various asgpects of water meter repairing work are
covered, taking into consideration of the local condition of Islamabad

water supply.

3-1-2 The following is the procedure of the water meter repair in

general.

1. Disassembling and cleaning

2. Repair and change of parts

3. Assembling

4. Adjusting of meter accuracy and testing

5. Painting

3-1-3 The Polish water meters have been used extensibly in Islamabad
but are giving trouble in its gear mechanism on greasing of the spindles
and work of the non return valves. In Japan, non return valves are not
normally used, and, due to the fact that they are causing troubles in

their functioning, their necessity must be reviewed carefully. A4s to
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greasing; due to prolonged storage and because of hot weather, the grease
of most of spindles are often.dried up and this workshop should therefore

be fully geared to regrease all meter spindles at least once a year.

3-2 Disassembling and Cleaning

Almost all the meters taken away from service for repair are dirty
with dirty water and mud, and so the surface of the meter must be cleaned
with water, without giving the damage of the meter spuds. Then, the
register case is taken out and the parts disassembled without giving any
damage on them, and the water cleaning or acid-cleaning of all the meter
parts is done. Water-cleaning must be done carefully with wirebrush,
though it takes a little long time. 'But water-cleaning keeps the meter
durable, and therefore it is hetter %o avoid acid-cleaning as much as
possible.

In case of water cleaning, the meter, which was taken cut for repair
end left for a long time in the air, should he disassembled and the inner
mechanism should be taken out and soaked in the water Tor ;pproxc 24 hours
80 bthat the dusis in the meters might swell and “he parts wmight be easy
for cleaning.

If the parts are very dirty, acid-cleaning is to be applied. The
procedure of acid-cleaning and precautions of the mixing of the chemicals
are described in the other paragraph., 3But it must be kept in mind that
if complete water-cleaning is neglected, metal itself will be corroded

and the paris cannot readily be in service.

The procedure of acid-cleaning

i) Disassemble and soak in the water for approx. 24 hours.
ii) Acid cleaning of metal parts

Mix 40% of nitric acid, 60 of sulfuric acid and a little
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bit of hydrochloric acid., Put the parts in the acid-cleaning
baeket, soak it in the mixed acid for 2 or 3 minutes and shake
slowly. In this case, every part should be disassembled so
that acid might not stay in the joints of the paris.

iii) Acid cleaning of plastic parts
Put the parts in the plastic acid cleaning basket; soak it
in the hydrochloric acid for 20 seconds and shake vertically
and horizontally. In this case industrial hydrochloric acid
(35-37%), which is in the market, can be used as it is.

iv) Water—cleaning in the running water
In order to remove the acid, the parts must be completely
cleaned in the strong running water.

v) Soaking in the caustic soda solution
Dissolve 50 gram of caustic soda in one liter of water and
sogk in it for approx. one mimute. In this case, caustic
soda in large guantity should not be diggglved at one time,
or else heat is generated and is dangerous.
This procedure aims at the removal of acid remzining in acid
cleaning and at neutralization; which is a wvery imporftant
procedure. BShake the basket slowly for approx. one minute.

vi) Water-finish-cleaning in the rumming water
In order to remove the caustic soda it it needed to clean

in the strong running water for considerable period of time.

Precautions in general

The surface of the parts should be wet from the beginning to
the end of the clsaning procedure.

In case of interrupting the work on the way, keep the parts
in the water but the parts soaked in chemicals must be dried
completely beforehand. As acid is harmful, it is recommended to
wear rubber gloves in case of washing.
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3-3 Repair and Replacement of Parts
After the cleaning, the damaged parts must be replaced with new
parts, It is sometimes difficult to decide whether the damaged parts
are needed to be replaced with new parts, but it is always preferable
to give up old parts wherever they ars damaged.
Precautions are as follows:-—
i) The holes of regisber plate and reduction plate must be
cleaned with reamer; because the water-cleaning only is
not enough. If the holes of register and reduction plate
are too big by abrasion, the plates must be replaced with
nevw ones,
ii) The gzars teeth of which are damaged or worn out Qust be
replaced.

iii) In case of straight reading register, pinions, pinion driving
wheel and number wheels must be checked, and if these assewbly
w1ll not work well, replace the parts. Especially, it must
be checked and confirmed that the operating torque of +the
register will not increase suddenly when the next number
wheel of the register is driven. (For eXample, in case of
00099 ~ 00100, 00999 - 01000 etc.) This should be gept in
mind because this will influence directly the accuracy of
the meter.

iv) Before assembling the gears, the clearance between gear
shaft and the holes of register plate and reduction plate
must be checked. The clearance between them is desirable
to be 0.05% - 0.15 mm.

v) The mortar-shaped sapphire, which is inserted into the bottom
of fan wheel spindle, must be carefully checked to see if it

is worn out,
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vi) If the point of pivot is worn out,; it must be ground with
the o0il stone and rgshaped. If it is badly worn out, it
must be replaced with a new one.

vii) The clearance between pivot and the lower hole of fan wheel
for pivoet is desirable to be 0.5 - 1 mm. Therefore if the
point of pivot is one-sidedly worn out or the lower hole
of fan wheel becomes large,; they must be replaced. If
these parts are not good, the fan wheel will revolve
eccentrically by wvater flow and the fan wheel will touch
fan wheel casing, or the iesh between No.l reduction gear
(pinion) and No.2 reduction gear will go out of order, which
will influence the meter accuracj.

viii) When fan wheel and fan wheel spindle are assembled, they
are tightened with spindle nut so that each center of them
will meet together. After assembly, it musi be chécked with
fan wheel examinaticon jig if the fan wheel revolves ecCen—
trically.

ix) If the nozzle of fan wheel casing is worn out by water flow
and becomes large, the fan wheel casing must be replaced
because it influences the meter accuracy.

x) Replace the stuffing box and the reduction gear which is
fixed to the stuffing box at the same time. Replace the
packing at least eyen when the box and gear are not replaced.
Fill up the box with the unmelting oil to prevent the water

jeakage and to smooth the revolution of gear shaft.

3-4 Assembling
Assembling is just the opposite procedure of the disassembling.
The parts of other meters should not be used because every part of the

meters has been working together smoothly.
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i) After the assembling of straight reading register and reduction
gear is finished, confirm what is described in the clause 3.3
iii), And then check if No.3 or No.4 reduction gear can be
revolved lightly with the finger. 1In case the revolution is
net smooth, it is caused by the wiring mesh of the gears ox
deformed teeth of gear.

ii) Careful attention must be paid to the assembling of the stuff-
ing box and gear fixed to the stuffing bhox, After changing
the packing, and fittihg well, fill the high quality grease
guch as the silicon grease in the plate of the upper side of
the gear.

iii)} Check the vertical clearance of the fan wheel with fan wheel
examination rod (repair %ool). through the nozzle of fan wheel
casing vhen the assembling of tﬁe inner mechanism is done.

The clearance of apﬁrox. 0.5 mm is desirable. If it is small,
the Tan vheel will not revelve smoothiy, and if it is large,
the fan wheel in revolution is unstable because of 1ift by
water flow and the accuracy of the meter is also affected.

iv) After the assembling of the inner mechanism, blow softly through
the nozzles of fan wheel casing and after checking that fan wheel
revolve smoothl&, put inner mechanism in the meter casing.

In case the fan wheel stops suddenly, check the following
pointss
o If the centers of the pivot, fan wheel spindle; and
spindle bearing are not met together.
o If the clearance between the pivot and fan wheel lower
hole is too big.

o If the mesh of the gears is
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3=-5 Adjustment and Testing of Meter Accuracy

This procedure is fto adjust the repaired meters and test them sc

that the meters are accurate when they are put to use.

In order to make the adjustment easier, record the total height of

fan vheel, fan wheel spindle and pivot, and the location of regulater

when the meters disassembled. Assemble them in accordance with the re-

corded dimension.

Precautions in adjusting water meters

i)

ii)

h
%N
s

iv)

Test of the meters starts 2t the maximum rate of flow and
proceeds tao the inte:mediate rate of flow. Testing is
repeated until the meter accuracy comes within the expected
error. An example of meter testing is shown in Fig. 3-2

and Fig. 3-3.

The method of adjusting the meter accuracy is made by taking
of f the bolt at the inlet side of the meter casing and turning
the regulator at the split of the regulator head. (See the
Attached Drawing Fig. 3-4, and in Fig. 3-4 those three sub
figureé show the openings of the by-path hole.)

Tn case of the error adjustment made by the regulator shifting
is not enough, but also shift the fan wheel vertically.
Investigate the relationship between fan wheel shifting and
adjustment of error percentage, because it differs according
to the meter type., If the fan wheel is moved downward, the
meter goes fast and if it is moved upward, the meter goes
slow. In this case, be careful for the fan wheel not to touch
upper side or bottom side of casing.

Adjust the meter error mainly by moving the regulator and
nake up for the rest of adjusiment by moving the fan wheel.
However, if the difference between the test results at maxi-

mum Tate of flow and at intermediate rate of flow is big,
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FIG 1. Q BY-PATH HOLE -IS FULLY OPENED
FIG 2. @ BY-PATH HOLE IS HALF OPENED

FI'G 3. @ BY-PATH HOLE IS CLOSED COMPLETELY

ABOVE ARE SEEN FROM ARROW SIDE

BOLT

AT

BY-PATH HOLE

REGULATOR

- -«——WATER FLOW

N

METER_CASING

FIG.3-4 ADJUSTING OF METER ACCURACY



adjust the error by using both methods at the same time.

v) The big difference béitween the test results at maximum rate
of flow and intermediate rate of flow may be caused by the
wrong mesh of gears, the bending of pivet, or the unsmooth

revelution of fan wheel, ete., and the causes must be traced.

3-6 DPainting
When the meter testing is finished, paint the outer casing by

diluting the paints with solvent.
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CHAPTER 4

REPLACEMENT CF EXISTING PIPE

4-1. Ductile Iron Pipe

4-1-1 Installation

4-1~2 7Pipe Cutting

4_1-3 Thrust Blocking of Bend
4~1-4 Retaining Joint

4-1-5 Cement Mortar Lining

4-2, Asbestos Cement Pipe

4~2-1 Handling
4-2-2 Jointing
4-2-3 Cutting and Machining

4—2;& Thrast Blocks

4-3. PVC Pipe

4-3~1 3Basic Processing and Connection Procedurs

4-3-2 Piping
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4-1 Ductile Iron Pipe
4-1-1 Installation

(1) Handling of Ductile Iron Pipe

Ductile Iron Pipe has enough sirength to endure the ordinary
handling but careful handling will be helpful to prevent the
trouble. In unleading, mechanical egquipment should bhe used
whenever possible. Dropping pipe to the ground from railrcad
cars or trucks are apt to cause damage which may not show up
until after éhe pipe is installed.

Pipe should be tied along the route with the bells facing
in the direction in whick the work is to proceed. Careful in-
spection should be done to find any damage of pipes.

Additional general precautbions are as follows:

(1) As Ductile Iron Pipe is cement mortar lined, if

dropped or knocked against other objects, the
mortar may be peeled off or the pipe may be dig-
torted and the spigot end is proge to cracking.

It must therefore be handled with particular care.:

{(2) As Ductile Iron Pipe rolls easily, loose pipes

must be chock blocked without fail, o keep them
under conirol vhen handling.,

(3) The safe limit of wire rope lifting capacity must

be observed on loading and unloading.

(4) Workers should wear helmet and shoes at all times.

(i1} Earth Excavation
The width of trench for various sizes of pipes is deter-

mined by the type of soil, the depth of laying, the type of
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excavation equipment and the space required to allow the ample
room to thoroughly backfili around and under the pipeline.
Tahle 4-1 shows examples of trench width.
The bottom of the trench should be cut through and even,

so that the barrel of the pipe will have a bearing along its full
length.

(iii) Unloading Pipe

Pipe up to 250 mm in diameter may be lowered into the
trench by taking a turn of rope around each end of the pipe.
Large diameter pipe is best handled by means of mechanical

equipment.

(iv) Jointing of Mechanical Joint

The main peoints of jointing are as follows:

(1) Lower the pipe to the fixed spot. Do not give
shocks, If the positions of bolt holes are
parted evenly from the center, screening becomes
easier,

(2) Remove cross shape wood carefully from spigot.

(3) Cleanse completely oil, sund, and other fore@gn
stickings attached to spigot outside of socket
for the width of approx. 40 mm from the end and
bolt holes.

(4) 7Put gland on spigot. Cleanse completely sand and
other Foreign matters attached to gland ocutside
and inside bolt holes. Pace the side to be in
contact with gasket to socket. Gentle revolving
will make the work easier.

(5) Coat spigot outside and socket inside with soap
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(6)

(7)

water. {30 cc power soap is dissolved in 1 liter water.)
Coating will protect rubber gasket from being scratched,
will make surface ‘emooth and processing will become easier.
Coat rubber gasket with soap water and slip it on spigot.
Place rubber gasket 120 — 150 mm from spigot end.

Insert spigot into socket. Insert slowly avoiding shock,
Leave a clearance between two pipes, allowing for future

flexibility of pipe.

GLAND RUBBER GASKET

(8)

(9)

MAKE A SPACE
——|—{4~5 mm)

VT

Pig. 4-1 Fig. 4-2

Maintain a clearance evenly between spigot outside and
socket inside, and then push the rubber gasket into the
fixed position of the socket inside. Unless both centers
of spigot and socket of pipes aTe in correct alighment,
the rubber gasket may get twisted ar it may not adhere
to the pipes; this will cause breaking of gland during
boliing, which leads to leakage.
Even in the case when insertion is difficult, the rubber
gasket should not be forced by the gland but, after being
coated with soap water, it could be tapped softly with

\

a stick, ' )

Slide the gland and line up, the centers of the pipe
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(10)

(11)

(12)

(13)

bolt holes with those of the gland. Make a space
equally with the aid of a wedge between the gland
and the outside surface spigot. If both bolt holes

do not line up, it may lead to failure of bolt or

flange.

WOCDEN WEDGE

Fig. 4-3

Clean up bolte and nuts.

At first belts should be inserted inito four bolt
holes: top, bottom, right and left holes, and
gently boited.

Then remaining bolts should be put into all other
holes. Check whether all bolt holes are filled
by bolts and nuts, since there is a tendency to
forget to £ill all bolt holes when there are a
large number of bolt holes.

Tighten symmetrically and by degrees — that is,
above and below at first, then to the right and
to the legt and so on —— using a ratchet wrench
or a spanner,

Do not tighten at once. Tighten all bolts one

by one degree. Finally tighten all bolts upto
necessary torque. Do not tighten down a particular

bolt excessively, as this may cause gland to be
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(14}

(15)

broken.

Check the.nuts and bolts one by one once more

to make sure all nuts have the necessary torque.
Even if a bolt was tightened under the necessary
torque it can become loose again afte£ the next
one has been bolted. Therefore, repeat tighten—
ing of all Wolts and nuts uniformly several times.
Proper tightening torques are shown as per the

Table below.

Table 4-2 Tightening Torques for

Mechanical Joint

Length of arm of wrench
which is suitable for bolt-

Size of Diameter ing in needed torque for
bolt Torque of pipe an ordinary worker (om)
(Kg-m) (mm 4)
M20 10 200 - 600 25
M24 14 T00 - 800 35
M30 17 900 -~ 1,200 40
M30 20 1,350 .- 1,500 45

(16)

Bolting by a ratchet wrench is much efficient
and easier than by a spanner.
Permissible degree of bend in the case of bending

piping at a joint is shown as per a Table.
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Table 4-3 Maximum Permissible Deflection in Laying

Mechanical Joint (4.K.-type)

Defective length
permissible to a pipe (-cm) Permissible
Pipe dia. A . . deflection
(mm) effective length of a pipe angle
4dn 6 m
75 35 - 500t
100 35 - 5000!
150 44 (5m) - 5°00!
200 35 - 50001
250 35 - 50001
300 23 35 3%20!
350 34 50 4°50"
400 29 43 4010
450 27 40 3°50¢
500 23 35 3020!
600 19 29 205G!
700 17 26 20301
800 15 22 2010
900 14 21 2000!
1,000 13 19 1°50!
1,100 11 17 1940t
1,200 10 15 1°30!
1,350 9 14 1°00*
1,500 8 12 1010*
1,600 10 15 1°307
1,650 10 15 1g3or
1,800 10 15 1°30!
2,000 10 15 1930¢
2,200 10 15 19301
2,400 10 15 1930t

Arrange the pipes in a straight line at the begin-
ning of the jointing work. Set the rubber gasket
at the correct position and screw nuts loosely,

Then incline the pipe. Finally tighten up the bolts
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to necessary térque. Consequently, in this case,
a trench should he dug out of considerable width
at the place where pipe laying is o be curved.
The curve should be as slight as possible and
encugh elasticity kept at the Jointing part,

(17) If the rubber gasket does not it smoothly, it
should not be forced by bolting but should be

removed and cleaned once more.

(v)  Jointing of Tyton Joint

This type of joint has many advantages. It has only
one accessory - a rubber gasket— ;ease of installation, time
and labor saving, economical, joint tight, self-centering,
ample deflections.

Joint is simple provided %he following instructions
are followed precisely. Careless handling may lead to

troubles,

(1} Cleaning the socket

Move the pipe to the required position and
clean the inner surface of the socket. Take care
not to leave foreisn matter in it.
(2) Inserting the rubber gasket

Cleaning the rubber gasket, insert it carefully
into the socket with the valve set to the interior
part. Make sure that the groove of the rubber gasket
is completely and accurately fitted over to the bead in

the inner surface.
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Fig. 4-4 Fubber gasket inserted into the socket

(3) Keeping the socket clean

When the trench side crumbles easily and sand or
pebbles may enter the socket, clean the socket and the
rubber gasket on the ground; setting the rubber gasket
to the socket, move it down carefully without soiling it.
(4) Cleaning the spigot

Wipe the spigot with cloth., If-earth and sand are
on the surface of tke spigot, joint assembly will become
very difficult and cause a leak.

(5) Applying Lubricant

Use only lubricant supplied Ey the pipe manufacturers.
Apply lubricant tco the spigot and the rubber gasket.
Spread it uniformly and entirely on the outer surface
of the spigot for 3 - 4 cm from the end. (to about 8 cm
ahead of the end in the case of a cut pipe.) Be sure
to apply it to the lower part of the pipe.

Apply lubricant to the inner part of the rubber
gasket, but take care not to ailow it to flow on the
internal groove of socket, or the rubber gasket may slip
out from accurate position. As lubricant plays an
important role in jointing, do not use oils such as

grease ete., which have adverse effect.
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(6) Setting the spigot

Set normally the inclined part of the end of the spigot to
the inclined part of the inner surface of the rubber gasket,
If care is taken, even piping bent within 5° can be installed.
(7) In case of pipes up to 200 mmp

When a wire rope is wound arcund the inserting pipe as
shown in Fig. 4-5 (1) and the other end of the rope bending
from the hook in the lower part of the fork is pulled, the
pipe slides easily into the socket. The fork operation can
be done by one person. The construction will be more Com—
pletely finished if another person lightly presses the pipe
end to prevent the pipe from rising.
(8} In case of pipes over 250 mmp

Fix a jack on the socket as shown in Fig., 4-5 (2) and
wind a wire rope around a pipe to be inserted, Hang the rope
end on the hook in the top of the jack and operate the jack
to combine pipes easily.
(9) Checking the insertion

Af'ter insertion, confirm that the spigot is correctly
inserted into the socket. Joint is proper if the painted
stripe near the pipe end among the tuo white stripes marked
on the spigot is not wvisible but hidden inside the mocket
and only the ouser siripe is visible, cf. Fig. 4-5 (3).
(10) Positioning the rubber gasket

Confirm that thé rubber gasket is laid in the propsr

position beside the state of insertion. This may be deter-—
mined by inserting a wire or thin steel plate into the whole

circumference.
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(1) Insertion with a fork

@wme ROPE™
ORK
A

g

Sy

(2) 1Insertion with a jack

@ . JACK

\

(3) Completion of insertion

Fig., 4-5 Jointing tyton joint

(vi) Jointing of U-type Inside Joint

U-type Joint is especially designed to joint pipes from
inside the pipe for the pipeline in tunnel or pipeline which

must be laid in very narrow ditch, that does not aliow o

- 62 -



assenble joint from ocutside,
Following picture in Fig. 4-6 will show how to joint U-

type joint pipes.

4-1-2 Pipe Cutting
As Ductile Iron Pipe is tough, it is time consumning to cut
pipes with a chisel. It is advisable to use a hand operated or

mechanical pipe cutter, or oxyacetylen gas.

(1) Tisk Engire Cutter (2) BMS-Type Pipe Cutier
bpply Tor 5250mn - £4COmm

4-1-3 Thrust Blocking of Bend

a) Force applied to bend pipe

Unbalance force by water pressure

R=2.P.A .gin §/2
Vhere;

P; Internal pressure = Static pressure + Dynamic pressure
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AND SETTING GLANDS.
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Az Bectional area of pipe
f: Bending angle of pipe
Centrifugal force caused by bending
21

t o e ylpiyy —
Rt = z v*eEin 5

W: Veight of water inside the pipe
gs Acceleration of gravity

vi Maximum flow rate in pipe

R' is relatively small comparing with R and considered

£
0:2/2 ﬁ‘?r’
N4

negligible.

b) Protection with concrete block b

(1) Horizontal bend

TSRS

h1

h2

h3
=<

Fig. 4-8 Concrete block for
Horizontal Bend
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In Pig. 4-8
Wy: Weight of concrete block (Specific weight
of concrete block is 2.3 ton/m3)
Wyt Weight of pipe and water
W3+ Vertical load of soil (Specific weight
of soil is 1.6 ton/m3)
ZWs Total load applied to the boitom of the
concrete block = Wy + Wo + W3
ufW: Friction resistance between sand and concrete
a3y Friction coefficient = 0.5

Es Passive earth pressure = -% Ce! (hg - hf)L

Q
]

¢ Coefficient of passive earth pressure
= tan® (45° + —2"3 )
et Angle of internal friction of soil
{Generally 25 degrees)
r: Unit weight of soil
hog: Depth to the bottom of bBlock
hy: Depth to the top of block

1 Average width

ﬂSW+-E5 > R is satisfied, the Dlock is regarded safe,

For bearing capacity of earth

sw /o < @
a: Bottom area of block
g Safe supporting force of sand
(ii) Vertical Bend
In Pig. 27

Rx = Horizontal partial forxce
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When
Rx < (ZW - Ry) + 8p is satisfied, the block is

regarded safe.
For Ry: Vertical Partial force = R cos 6/2

Resistance force by side active earth pressure
- 1209. T (hg-hi?) .2 (b + L),
Ce: Coefficient of active earth pressure
= tan? (45° —’é )
¥hen
Ry < ZW +X Ea is satisfied, the block is safe.

For bearing capacity of earth

ZW/PL L g must be satisfied.

GL

(L

1 f
= w3 e
i IR

A
\ w1
N

k1 —d

2
lm
a
les
[A]
h2

Fig, 4-9 Concrete Block for Vertical Bend.

4-1-4 Retaining Joint

For the protection of a bend pipe, a concrete block is effective
but there are still uncertainty of the quality of back £ill possibility
of digging out, and problem of too big block in large diameter pipe.

To solve these problems, retaining joints are divised. Retain-

ing joints generally used are shown in Pig. 4-10.
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__g::%ﬂ_l:}_ BOLT NUT

- _ =

A
/ Ky

P e T, \\ LTE, \‘ o

Tt g N T e Y

PR YO
\ ELAND \-OHRING
RETAINING SPIGOT

GLAND PROJECQTION
(TWO PIECES)

WEDGE
e

RUBBER
GASKET

BOLT NUT

spraop CVAND O—RING ¢ pypuER
PROJECTION WEDGE GASKET

Fig. 4-10 Retaining Joint

4-1-5 Cement Mortar Lining
As a rule, cement mortar lining is applied inside ductile iron
pipes to prevent the decrease of water flow efficiency owing to tuberculati

These are shown in Fig. 4-11 and Table 4-4.
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Rich mortar (cement/sand = 1/1.5 - 2,2) is inserted into a pipe
and lined inside by centrifugal force, vapor cured; sprayed with water
for four days and seal coated.

The thickness of lininz is shoﬁn in Table 4-5. Seal coat of
cement mortar lining serve to prevent moisture evaporation from mortar
and leading of calcium ion into water. Fig, 4~5 shows effect of seal

coat on the water gquality.

qol-J_J_J_ I _T_T_J-J- J_T_]
CEMENT MORTYAR
INING PIPE
130
4120 \\
= \
= N\
2ol \
=
N
flﬂo N D1A_1500mE —
o N lZCﬁOmm‘zs B
g %0 i \\\\\ 90mm @ i
?’u \\k\\\\\‘\ 600mm°¢
Z 80 \\\\\k\\ \mm
g 0 ><>\ E& B2
. DIA 300 mm*/A o
s st ZAV N N
& 150mm @441 ™ =z
JQBMLQ/, \\\ 5%
I 53
5 [ 4]
)

0 10 20 0 40

o

PURATION OF TIME{YEARS)
Fig, 4-11 Change in "C"

1.0 ==
100 s
[

9.0 S —

PH 8O _—
UNCOATED PIPE
0 SEALCOATED PIPE
6 - I
2 3 4 5 ®© 7 8 9 10

TIME (MONTHS)

Fig., 4-12 Change of pH of seal coated and uncoated
Cement Mortal Lining Pipe
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Table 4-4 Plow Test of Cement-Lined Cast Iron Fipe

After Extended Periods of Service

Nominal
Minimum
Size Seal Lining Length Year Test
Location (in. ) Coated Thickness (£t) installed Age c

(in.) (years) Value

Birmingham, Ala, 6 yes 1/16 433 1940 1 148
6 141

12 138

17 133

Catshill, N.Y. 16 no 1/8 30,825 1932 25 136
Champaign, I11. 16 no 3/16 3,920 1928 13 137
22 139

28 145

36 130

Charlston, S.C, 5.78 300 1941 new 145
12 146

16 143

12 1/8 500 1932 15 145

25 136

Chicago, Il1l. 36  yes 1/8 7,200 1945 1 1417
12 151

Concord, N.H. 12  no 1/16 500 1928 13 143
29 140

36 140

Danvers, Mass. 20 no 1/16 500 1926 3 135
38 133

Greenville; S.C. 30 1/8 87,400 1944 13 148
30  yes 1/8 50700 1939 19 148

25 146

Greenville, Tenn. 12 1o 1/16 500 1928 13 134
29 137

36 146

Knexville, Tenn. 10 1/16 500 1925 16 134
32 135

39 138

Manchester, N.H. 12  yes 500 1536 5 151
19 132

26 140

Safford, Ariz. 10 no 1/8 1941 16 144
Watertown, N.Y. 10 no 1/16 500 1927 14 151
28 132

31 125
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4-2 Asbestos Cement Pipe
4-2-1 Handling
Do not open the trench too far ahead of the pipe laying. This
will help avoid accidents such as cave-ins, flooding, and it eliminates
expensive operations such as pumping and vorking with sheeting. Uase
of handling Asbestos Cement Pipe (ACP) and the simple assembly of coup-
lings for AC pipe make it possible to lay the pipe rapidly as the trench
is excavated.
(i) Width of the trench
If the trench is too wide at pipe level, it will increase the
earth load on the pipe. If it is too narrow, it will slow down
the installation of the pipe and make it difficult if not im-
possible. The trench width at the top of pipe should be within
the limits shown on the following table.

Becommended trench width at the tep pipe:

Pipe sigze Minimunm trench width Maximum trench width
3 and 4 inch 18 inch 28 inch
6 and 8 20 32
10 and 12 24 36
14 and 16 30 42

(i) Depth of the trench

Depth is normally specified in the blueprints. If not,
depth is determined with local conditions such as permissible
surface loads and earth loads, The bottom of the trench should
follow the specified grade and depth and should be levelled so that

it will supporit the pipe along its full length.
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(3ii) Line of the trench

Couplings for AC pipe allow some deflection. Long curves

can be followed even with straight pipe sections.

Figo 4_13

Maximum recommended deflection of couplings for AC pipe.
Pipe size " Maximum recommended deflection

3 to 12 inches 5°

Offset required for various pipe length and angles

of deflection

Angle of Offset per pipe length
deflection 373" length 6'6" length 13' length

1° . o.T" 1.4M 2.8"
20 1.4 2.7 5.5
30 2.0 4.1 8.2
40 2.7 5.4 11.0
50 3.4 6.8 13.7

(iv) Method of supporting pipe

Method of pipe supporting in the trench depends largely
on the soil conditions, If the soil is stable, the bottom of
the trench is simply levelled by hand and the pipe is laid
directly on the trench botitom. If this method is used. holes
should be dug where couplings are located. These holes keep
the pipe from resting on the couplings. The trench bottom

must be levelled carefully so that the full weight of a pipe
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and its earth load are not concentrated on one high spot. In
unstable soil and in rock excavation, it will be necessary to
dig deeper than pipe grade and ref'ill with tamped, selected
material such as sand, until pipe grade is rea&hed.

Coupling holes should be left deep encugh to provide

minimum clearance of 2" below the coupling.

= = i

Fig. 4-14

(v) ZLowering pipe into trench
When the trench is not too deep, trench walls are straight
and stable, and when pipe weight is not over 140 1bs. per length,
the pipe can be lowered manually from the ground surface into

the trench.

4-2-2 Jointing
(1) Jointing with AC couplings
Coupling for asbestos cemeat pipe joint is used for straight
pipe line jointing. In the coupling, the tow pipe end slides under
the ring and automatically stop in the correct: position as the stop
ring comes in contact with the edge of the pipe end.
The stop ring keeps the pipe ends properly separated in

the coupling, to allow for expansion and flexibility

3

i
{3 4

- —n

NS )
AT

Pig. 4-15
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(i) Iubricating pipe ends

Lubricant should be applied just before couplings are
aessembled. Clean the egds of the pipe with a cloth. Apply
lubricant with a glove or with a brush over the entire end of
the pipe and all around it..... as far back as 3" from the pipse
end. It is also recommended to lubricate the exposed surface

of the rubber rings inside the coupling,

LUBRICATE
THIS AREA

Fig., 4-16

(i1) Assembling pipe and coupling

Clean and lubricate the end of the pire. DPlace the
coupling over this end and, in one quick motion, push it until
the pipe end meets the stop ring. This operation can easily

be done by hand in pipe size up to 8 inches.

o

ATV [\\ \\\8

|
i

=

2 |
i

Fig. 4-17 A - Pushing Pipe into Coupling

B - Fushing Belled Pipe inte Coupling
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For 10 inches and largsr pipe, use a bar as a lever tc push
coupling on to the.pipe 2nd. Put a wood block betveen the
bar and the coupling to prevent damage. Push until pipe
end is against stop ring.

Clean and lubricate the end of the next pipe to be
laid. Line it up with the laid section and start the end
into the coupling. DPush the Pipe into the coupling with
hands or with a bar until stop ring is against pipe end.
When assembling 3", 4" and 6" pipe, each joint can be
made in one "push". First, align the new section to be
laid with the section in place. Slide the new pipe back
enough %o make room for the coupling, Clean and lubricate
the pipe ends. Place the coupling between the Pipe ends
and pull the new section up until both ends are started
inside the sealing rings.

Then, using a bar as a lever, push the complete unit

together.

£

R

i

Fig. 4-18 Assembling 3", 4" or 6" Pipe Joint with One Push

If the trench bottom is soft and gticky and the pipe
does not slide easily, 1ift it slightly off the ground, by
hand or with the hoistirg equipment; and push the pipe
into the coupling.

A standard puller can also be used,
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(iii) Making closures or rsplacing a section of pipe

Uhen ftov crews meet, when a section is to be replaced,
or when tying into a fixed Titting, a closure must be made
between tow installed pipe ends. Tow methods are used.

The convenitional method of making a closure is to lay
gections in place in the usual manner until only one piece,
cut to exact length, is to be inserted. A machined- over-
all piece is used. Both couplings are mounted on this piece
and pushed completely past the couplings are slid back into
place. BShort lengths are normally used to make a closure.

Short lengths are available in 33" {Quarter) 1engt?s
machined over all and in 6'8" (half) lengths machined each

end.

- MOA LENGTH W —

s ig. &—19

One methed is to use tve or three full lengths, assemble
them loosely with the center couplings in the air, then push

the pipe downward into place.

Fig. 4-20

And alternate is to use one 6'6" length and tow 3'3" length.

- 77 -



(2) Jointing with CI couplings
CI coupling, grey cast irom joint, is used for assembling with
specials or pipes of other kind of materials., It is composed of

joint sleeve; rubber ring and flange with bolts and nuts, as follows:

FLANGE SLEEVE
RUBBER RING ACP

e T T

Fig, 4 - 21

Examples of jointing with other pipes are shown in Fig. 4-22,
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SHORT FLANGED PIPE SHORT FLANGED PIPE

WITH FLANGE WITH SPIGOT
ci1P{MECHANI|CAL . Cl COUPLING
JOINT)}
ACP
%@» -
—t o P77
(1)
SHORT PIPE WITH SOCKET
AND SPIGOT
Cl COUPLING
CIP{LEAD JOINT)
ACP

7T Z /% rwrrrsrdl?

(2)

FIG.4—22

4-2-3 Cutting and machining
AC pipe can be cut with hand saws, abrasive vheels or power-
driven pipe cutters. Tipe cutters are recommended for spead and clean

accurate cutting, ef, paragracrh 4-1-2,

4~2-4 Trench blocks

Thenever a pipe line comes to & dead end or its dircction or size
changes, the fluid pressure will cause side or end thrust,

To prevent these thrust from moving the line, thrust blocks,
usually of concrete, are poursd in position where they will resist thrust
force.

The total thrust on any particular block ic ecalculated fron the

follouwing tables.
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Thrust at fittings in pounds at 100 pounds per zguare

inch of water pressure

Tees and Per deg. of

Size plain end 90° bend 489 hend 22 1/2° bend deflection
v 1,100 1,560 340 430 19.2
44 1,690 2,400 1,300 GGG 29.5
6n 3,510 5,000 2,630 1. 370 61.2
gn 6,090 8,700 4,5%0 2,370 106.0
1o% 9,330 13,200 7,150 3,630 162.0
129 13,250 15,700 10,200 5,150 231.0
140 17,800 25,200 13,600 6,930 310.0
167 23,100 33,000 17,700 9,000 408.0

Varicus arrangements for thrust blocks are illustrated in Mg, 4-23.

FIG.4-23
EXAMPLES OF THRUST BLOCKS
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4--3 PVC Pipe

4-3-1 Basic Processing and Connection Procedure

How to cut the pipe

1) Use a saw for metal cutting and cut the pipe at right angle

to the axial direction of the pipe

When the diameter is large, put a red mark on the outer sur-
face of the pipe using a paper ruler, and saw along this mark
completely around the circle until it cuts about half of the pipe's

thickness, This method will achieve the correct cutting angle.

2) A difference in cutting angle, or a slanted cutting angle,
will adversely influence the strength of the connected part,
particularly for connections. Therefore; an irregularly cut

face must be corrected by filling.

3) TFor large size pipe (more than 8 inches), the outside edge

must Le bevelled.

4) The residue from sawing inside the pipe must be completely

cleancd away

How to bend the pipe

Pipe 2—1/2 inches or larger in diameler is bent by filling

with sand and using a wooden guide.

1) Cut the pipe ia suitable length for making bend.
2} Fill the pipe with heated sand upto approx. 130°C. Use
sand as fine and dry as possible. The sand should not

be overheated. The filling should be done tightly, in
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the same manner as for metal pipe, tapping the pipe with

a wooden hammer.

WOODEN
PLUG

130¢c—~1507¢

Mg, 4 - 24

3) ™he heat is applied %o the place %o be bent, utilizing
radiant heat of approx. 130°C. Heating can be done by
electricity; or by simply inserting the pipe into heated sand
sand (about 130°C), for the purpose of softening the
pipe with the surrounding sand.

4) Bend the softened pipe as required
The guide {wood, etc.) is preferably prepared beforehand
for betier finishing. The bending radius (R) should be

3-4 times the outside diameter of the pipe.

5) Remarks
a., Since the thermal expansion of PVC pipe is large,
the inside volume will be increased as the heat
rises for further softening of pipe. The?efore,
sand must be added once or twice during heating

in order to keep an ¢ven sand pressure.
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b. The sand temperature must be kept as uniform as
possible. Never overheat the pipe, because a2
crack might be caused inside the pipe if the tem-
perature rises to more than 150°C.

c¢. The bending angle must be made precisely and solidified
for fizing immediately after the bending processing

by applying cool water,
How to connect the pipe uith solvent cement

TS connection method

Ho heating is required for this method and the pipe is
connected simply by use of solvent cement alone. This method

can be used for all pipes up to 350 mm ﬁ,
Connection method

1) The pipe end must be cut at a right angie. Oﬁtside bevelling
is to be done on pipes with a diameter of more than 200 mmg,
2) Clean the connection rlace and mark the insertion length on
the pipe.
3) Apply a thin and ever layer of solvent cement to the inside
of fitting part and to the ou%side of the pipe to be inserted.
4) Promptly insert *the pipe while the solvent cement is wgt,
and adjust so that the pipe centers are on the same axis.
5) Do not release the pressure too soon. Otherwise the pipe
may be loosened and leakage may be caused, Hold it for
20-30 seconds and remove hand after confirming that the pipe

iz firmly fixed.
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6) Wipe off completely.any solvent cement which seeped out.

Remarks
1) Since both pipe and Joint inlet have some manufacturing
tolerance, not all pipe can be inserted to the fullest
extent. When the pipe axis is on the same line, the
pipe can be inserted for a substantial distance., Do
rot try to insert with undue force, because stress

will remain at the connection.

2) Connection can be made by hand for pipe up to 100 mm.
For pipe with a diameter of more than 150 mm, it is
easy and safe to use an inserting tool such as a chill

hole, lever bloclk, puller, etc.

DR RN

VTIIIIF RS EFTTTELE AN I T L& T 2 I s

\

PIPE TO PIPE

%W

PIPE 'IJO JOINT

ggMMIS-?ELR(mmhs 16202 AR5 BO5065THI00 25150 (20025000350 10045
INSERTION
DEPTH (mm)263C3540 444458 S[72B2 N2 (14021527 300350360

Fig. 4 - 26
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How to connect the pipe with flange

This comection methed is solely for PVC pipe and is used
Tor the part vhere the pipe must be taken away or for the part

where a valve flange or metal pipe is comnected uvith PVC pipe.

Table 4 - 6
ITtem

Kind Flexible flange method | Flange adapter method
Applicable diameter 50 — 350 mm 75, 100, 150 mm
Base of connection Simply irserted the Simply press the

pipe into flange pipe to the TS Paucet
Resistance to Vibration
and bending good normal
Resistance to water
pressure normal normal
; Body and flange; Body: PVC

Material Cast iron - Mlange; Cast iron
Application Buried Buried or exposed

1. Flexible flange method

Features

1) As opposed to the conventional joint, no difficult technique is
required for flange fitting work. Comnection is made simply by
applying a soap solution and inserting the pipe.

2) Since it has flexibility, it can be also used as expaﬁsion pipe.

3) This method can be used conveniently for the repair and replacement
of pipe.
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2.

Structure

{l) 150mm OR LESS

KING FLANGE BODY

- BlgxN| gg

Flange Adapter Method

Features

1) Since it is a PVC molded product, it has corresion-resistance.
2) Connection with PVC pipe is easy and surely made by TS connection.

3) It can be also used for exposed piping.

{mml
MARK T | BDLT HO
NAL~, [CESTICBST| ov [ o [, | g PNOMCIOOMT
IROM[STEEL 3 BER IAVETER

75 |19 {15 (211 |10o4j1e8| 18| 4 | MI6
100 |19 115 |238]133!195] 18] 4 | M6
150 120 |17 |290{i90/247|1B| 6 | M!6

FLANGE FOR FLANGE er
B ruavce apefikT
— _~PVC PIPE, REMARK. ]

(1) THE MATERIAL, IS AS FOLLTOWS:

}'

CAST IRON.CONFORMING TD JIS G 5521
CAST STEEL CONFORMING TOJIS G5IOt  —]

- - CLASS L.
(2) ALTHOUGH THESE DIMENSIONS MEET WATER

k - SERVICE SPECIFICATIONS, FLANGES FOR H
HS 5Kglemt AND 10 Kz/crn'" FLANGE A~ 7
COUNTER DAPTER ARE ALSO AVAILABLE.
FLANGE - PACKING.
FIG.4-29
____n
hoRnaL- MARK | | o | g g ] r —[
IAMETER ) |
FIG. 4-28 75 |101]125}774] 12 | 50| © -}— ap
100 [129]152)100] 12 {110 Lﬂ
150 [1ss[zcdael 15(le5] | s
FI1G.4-30
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4-3-2 Piping (up to 100 mm in dizmeter)

Distribution

1) Distribution pipe lines are laid in a network, avoiding closed
points. In unavoidable circumstances, a hydrant is installed
at the end of a closed pipe.

2) In order to take out the water services pipe from the distri-
bution pipe line without shutting off the line, a distribution
branch line may be installed, if necessazry.

3) Por the purpose of minimizing the area of water supply failure,
a sluice valve should be installed at both ends of such
hazardous places as overhead traversing and traversing under
a railway.

4) A hydrant should be installed at the crosging of sitreets so
that fire fighting activities can be conveniently carried out.
For this, a pipe with a nominal diameter of 75, 100mm has a
single mouth hydrant, vhile a pipe of 150 mm o¥ more has a
twin-nouth hydrant,

5) An air relief valve and blow off branch are installed at the

elevated and iowered parts respectively, as the case nay be.

WALL
FL
[a8
3 wrHin
= HOUSE
[+ 4
PUBLIC WAY DWELLING AREA E
GL ___ GAGE VAVE TER DITCH o [
periERan | Ll S TRl e
N |
LP WHEN DIS L

TANCE 1S LONG ~n e FOUNDATION

o=, " PIPE |
2 AYS g IF NECESSARY, SHORT LP
N"gmnm PVC PIPE s CONNECTED AT BOTH
TR I sa INCLINATION ENDS OF THE SERVICE
GATE VALVE AND METER.

PVC DISTRIBUTION

PIPE .
BRANCH Fig. 4-31
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Conversion Tables

Chemical doses

Milligram per litre (mg/1)

1 part per million (p.me.)

Gram per cubic metre (g/m3)

1 p.p.in.

Unit of length

in inch = 0.0254 in
£t foot (12 in) = 0.3048 m
yd Yard {3 £t) = 0.9144 m

Mile (1760 Yd) 1,609.344 n

= 1.6 km
m Hetre = 1,093 Y4
= 39.37 in
= 3.281 £t
Unit of area
in2 square inch = 6.4516 cm?
£12 square foot {144 in2) = 0.0929 m?
Ya? square yard (9 £t2) - 0.83613 m°
sq. mile square mile {640 acres) = 2.5899 Mm?
acre (4840 ya2) = 4,046.8 m?
me square metre = 1.196 ya2
ha hectare = 10,006 n? = 0.3861 sq. miles
Unit of weight
0z ounce = 28.344 g
1b pound (16 oz) = 453.592 g
ton long ton (UK 2240 1b) = 1.016 t
kg kilogram = 35.2736 oz
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ind cubic inch

gal (UK) Imperial gallon

£43 cubic foot
¥4 litre
m3 cubic meitre

Unit of volume

= 16.387 cmd

= 4.546 €

= 28.316 ¢

= 0,220 gal (UK)

0.03531 £13

i}

1.3079 ya3
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