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Water supply test

Water supply test should be carried out more 24 hours after final.
joining. The cemented joint increases its strength with time.
Passi%g of water immediate after joining must be avoided. Start
supplying water while removing air from the inside of piping by
openipg hydrants or air valves. When the water is flooded in the
piping system, open the sluice valve of the existing piping, and
check whether the pressure has dropped or not with the water
pressure gauge fitted to the hydrant or air valve, using the pressure
of the e icting piping. When supplying water, successively open
sluice valves, hydrants and air valves to get rid of air and reclose
them when air no longer comes out.

Since gauge pressure is unstable immediate after completion of

water supply, sustaining for a certain time is required.

(Comment l} Cares for increasing the test pressure

1. Carefully and correctly carry out air exhaust.

Failure in complete removal of the air from the piping may
lead to accident.

2. In conducting the test, take care not to cause water hammer by
the test pressure.

3. To obtain the required pressure, be:sure'to regulate the
pressure increase using a bypass to pump or other suitable
systems. '

4. Remaining of some air within the pipiqg will unstabilize the

pressure making it difficult t¢ check the pipeline actually.






(2)

1)

.2)
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Standard backfilling work Fig 68 BACKFILLING TO

Backfilling toc the pipe top THE PIPE TOP

Put backfill sand into the trench to Gl

WErsarzan AR

cover from the pipe bottom to the 7

top by manpower, taking care to avoid j

ent&y of stone and wooden blocks. 7 Rawmmar. O
Tho?oughly compact the sand with a y WMMMH%ﬁ?M
rammer or wooden tamper to eliminate 4

the voids at the bottom and sides s“'d:ﬂ:.: ."

of the pipe. For pipes above 200mm ji;}ﬁ__“”'ﬁ

At

in diameter, divide backfilling into

two times to cover up to the pipe top.

Backfilling upto 30cm above the pipe Fig 69 BACKFILLING UP TO

. . 30 CM ABOVE THE PIPE
Backfill up to 30cm above the pipe )

Gl

in two jobs. Manually put sand into o Ff——w—
the trench taking care not to allow - Raswm ey av*
weodon Tamper

entry of stone and wooden blocks and

thoroughly tamper to eliminate voids.

N e

o N

o "v— R T . .
" _' __’}. ¥
4 %/

N

Backfilling to the ground level Fig 70 BACKFILLING TO THE

. . GROUND LEVEL
Backfill from 30 cm above the piping

to the ground level with the original o -
soil removed of stone and wooden
blocks. Thoroughly compact the soil Z N

at every 30 cm of cover to eliminate

voids.

Rollers or bulldozers for compaction

must be used only after the depth of

cover exceeds 60 cm.
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TABLE 26 INSTALLATION BELOW FOOTWAYS (DEPTH OF ; COVER 0.9™ )

;

Nominal Outside Trench. Sand thickness Depth Wxnw<mi Standard soil amount per m Aauv
size Mvﬂ__”.w..mn width mw (m) OM M“Hmn MMMMS Excavation | Sand Backfill | Surplus
Bd (m) B e ) E (m)
63 63 0.30 0.30 0.10 0.90 .H.om . 0.318 0.136 0.315 0.139
75 75 0.60. 0.30 0.10 0.90 1.08 0.648 0.281 0.644 0.285
20 920 0.60 0.30 0.10 0.90 1.09 0.654 0.288 0.648 0.4 [
110 110 0.60 0.30 0.10 0.90 1.11 0.666 0.297 0.657 0.306
125 125 0.65 0.30 0.10 0.90 1.13 0.735 0.329 0.723 0.341
140 140 0.65 0.30 {. o0.10 0.90 1.14 0.741 0.336 0.726 0.351
160 160 0.70 0.30 0.10 0.90 1.16 0.812 0.372 0.792 0.392
180 iso 0.70 10.30 0.10 0.90 1.18. 0.826 0.381 0.801 0.406
200 200 0.70 0.30" -0.10 . 0.90 1.20. - 0.840 | 0.389 0.809 0.420
225 225 0.80 0.30 0.10 "0.90 1.23 ~ 0.984 0.460 0.944 0.500
250 250 0.85 0.30 0.10 ’ 0.90 1.25 1.063 0.504 1.014 0.553
280 280 0.85 0.30 | 0.10 0.90 1.28 1.088 0.517 1.027 0.578
315 315 0.90 | 0.30 0.10 0.90 1.32 1.188 0.566 1.110 0.644
355 355 1.00 0.30 | . o._S 0.90 1.36 1.360 0.656 1.261 0.755
400 400 1.10 0.30 - 0.10 . 9.90 1.40, 1.540 0.754 1.414 0.880
.H_E,wbm,wm @mgéﬂ%ﬂqzcmm. ROADWAYS (DEPTH OF COVER 1.20M) : .
Nominal o..pﬁmwmm _H.nmno,ﬁ ) w. Sand wrwnwmmmm -Depth mxnm<m| Standard soil amount per m hawv .
size diameter width T of cover | ting
D (mm) w&:& r“ mu. A‘EV mN?& . h{m) Mmmﬂ__u_wﬂ Excavation Sand Backfill Surplus
63 63 0.60 0.30 0.10 1.20 1.36 0.816 0.275 0.813 | 0.278
75 75. 0.60 |- 0.30 0.10 ' 1.20 1.38 0.828 0.281 0.824 0.285
90 ‘90 ‘o.‘m.o..,‘ e 0.30 0.10 1.20 1.39 0.834 0.288 0.828 0.294
110 110 0.60 0.30 0.10 1:20 1.41 0.846 0.297 | 0.837 0.306
125 125 0.65 ‘ o.,.w.,.o 14 o.10 1.20 - | 1.43 0.930 0.329 | 0.918 0.341
140 140 ..o.,..m.m " 0.30 1 0.10 1:20 1.44 0.936 0.336 0.921 0.351
160 160 A 0.70" . 0.30 0.10 1.20 1.46 1.022 0.372 1.002 0.392
180 180 0,70 0.30 0.10 1 1.2 1.48 1.036 0.381 1.011 0.406
200 200 g ‘0.70 - F 0.30 0.10 1.20 1.50 1.850 0.389 1.019 0.420
225 225 0.80 0.30 0.10 1.20 1.53 1.224 0.460 1.184 0.500
250 250 -0.85 0.30 0.10 1.20 1.55 1.318 0.504 1.269 0.553
280 280 0.85 0.30 0.10 1.20 1.58 1.343 0.517 1.282 0.578
315 315 0.90 0.30 0:10 1.20 F 1.6 1.458 0.566 1.380 0.644
355 355 1.00 0.30 0.10 1.20 1.66 1.660 0.656 1.561 0.755
400 400 1.10 0.30 5.10 1.20 1.70 1.870 no7sa | 1 244 A oon
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(3) standard soil amount for PVC pipe

Fig 67 BURYING CONDITIONS

C;, / -
/\/
v
o/
y <
e
1 ;
A h
4- /
A i kcﬁ 2




4“\§ock or pebble subsoil Fig 65 ROCKY OR PEBBLE GROUND
In the case of rocky or pebble 6L
subsoil,; replace more than 30cm EZ
of the ground excavated, with 7
sand and thoroughly consolidate 1 |
the sand to make sand bedding. 41‘~$“4:q e i
4 . N R
/f}‘ii'Vf»
A - i
{,: . - V : AWemMim,
v 7 V

Pepz i3 +200m oY oVR

2) Trench width
Trench must be made sufficiently wide enough to allow easy

installation, inspection and backfill compaction jobs.

TABLE 25 STANDARD TRENCH Fig 66. STANDARD TRENCH WIDTH
WIDTH FOR PVC PIPE FOR PVC PIPE
NoTinal Trench width NoTinal gigzﬁth
size Bd (m) size (m)
16 0.30 - 0.60 140 0.65
20 0.30 - 0.60 160 0.70
25 0.30 - 0.60 180 0.70
32 0.30 - 0.60 200 0.70
40 0.30 - 0.60 225 0.80
50 0.30 - 0.60 250 0.85
- 63 0.30 - 0.60 280 0.85
75 0.60 315 0.90
90 0.60 355 1.00
110 0.60 400 1.10
125 0.65




(a) Depth of cov =

TABLE 24 STANDARD DEPTH OF COVER OF PVC PIPE

Places of installation Depth of cover Remarks

; (m)
Public B . . ,

! glow s Determine by conferring with
roads ‘| roadways 1.2 Min. road supervisor
below

| footways 0.9 Min. "

Below private roads 0.6 Min. Treat the private roads equivalent

to public roads as public roads.

Private 1and 0.3 NMin. Bury beyond frost line in cold
climate areas.

When installing adjoining structures or other pipelines,

provide at least 30 cm distance between them.

(b) Footing for pipeiines
Since the footing aims for permanent safety of pipelines, it must
be determined by taking full account of ground condition and load
conditions.

The following footings are standard for PVC pipe.

* Good subsoil Fig.63 FOOTING FOR PIPE ON
. . : GOOD QUALITY GROUND
To install piping on the grcund Q Gl
: : . . . 7 R
with good quality soil withcut 7 vk
containing stone or rock, the i
flat bed made after trenching
can be directly used. f~ “? L
’ - ‘sﬂnld.;‘ b B0cmMdn
o I[mhhf,_{ e
Normal subsoil ' Fig 64 PIPE FOOTING ON

NORMAL GROUND
On normal subsoil, replace . ’ -
G1.
more than 10mm thickness of the 7] Pnjw——

excavated ground with sand and q

consolidate the sand to make:

BN

sand bedding. p !

A Sand | HeuMia,




2)

Storage of fittings

Store all fittings indoors with packing intact.

For convenience of taking out, store by types and sizes.

2. Trenéhing

(1)

(2)

1)

Pfeparation

Bgfore commencement of the work, investigate the field areas

for the following items, make out execution plans for the work

schedule and methods and obtain the outhorities' approval.

1) lLocal characteristics (shopping districts, residential.areas
factory centers).

2) Existence of special facilities (schools, libraries,
hospitals, fire stations, police stations, defence armies)

3) Effect on underground water (use condition of well water)

4) Effect on roadside houses (type of subsoil, construction
of structures).

5) Places where the work may cause accident (water works pipe
and gas pipe of densely housed area)

6) Road traffic condition and road conditions (traffic volume,
traffic control, type of roads).

Trenches

In installation of piping, footing and sand bedding are of

vital importance for the higher safety of pipelines.

This is because

*

*

weakens the stresses acting upon the pipe and increase its safet,
preventsthe pipe from moving at the flowing of water and impedes
generation of heavy for.es.

bProtects thepipe from external damage by stone or rock.

Execution of the work in accordance with the following

specifications is therefore imperative.

Depth of trench

Depth of trench is determined by taking account of depth of cover,

pipe size and pipe footing.



CHAPTER VI CIVIL ENGINEERING

1. Transportation and storage
(1) " Acceptance of materials
1) Checking the specifications

Be sure to check the markings put on each pipe and fitting.

2) Checking the materials
Carefully inspect all the arriwed materials in the presence of
the man in charge of transportation and confirm that there is
no shortage by referring to inwoices and that there are no
defective or deformed parts. [f any failure or heavy deformatio:
is found, be sure to obtain a wertificate for the trouble, which

will be helpful for later negoriation.

(2) Cares for unloading
When unloading, always carry both ends of pipe with two persons.

Do not throw down or drop. Do not put heavy objects on fittings.

(3) Cares for storage
1) Storage of pipe

Storing of pipe indoors with its packing intact is best
recommended. In the case of outdoor storage, choose a
flat place, place sleepers on the ground to avoid bending of pipe
and place the pipe together with packing on the sleepers. The
pipe can be safely stacked up to five steps but not more. Anchoz
the pipes with wedges or wire ropes to prevent them from collapsi
and put a cover with good ventilation. Transparent or black shee

is| not recommended as this will cause build-up of heat.

Fig 61 CROSS STACKING Fig 62 PILING

sﬁuiﬁg
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5. Repairing methods
In case PVC service lines rupture, repair the failed part by
usi?g elastic joints. As illustrated in Fig.60, cut off the

failed part, put new pipe in place and join with two elastic

joints.
Fig 60 REPAIRING THE PVC SERVICE PIPE
%C Neuwr f"%“ Elaslc f"“\‘t
E,\fw(, P:PC et Gl
l Rupluned part [
Rw&h&ﬂbg .
o Rw&hb/uﬂ}
Feecd
Ekﬁﬂﬁg PP 1550 =

I R L ey —" —
1} | —
= ==




Fig 58 INSUTLATION TUBE Fig 59 INSULATED FAUCET POLE

T T

Inowlalion /%MlaviS
tde N
i Amo&m

fouc’ poke \ | E

GL
7. R T DI RS X
_Frost fme _ HIM
/\ :
b Wd;tl/\_ e O t \ =1 ==
PrC pipe . ugmmg-oELL‘fl . FVC>P?w {_j
=0 el alion tilie R

4. Remedy for creosote
Creosote o0il is often used for ccrrosion inhibition of wood,
but it attacks PVC pipe. When PVC pipe is to be anchored to
creosoted joists or sleepers, it can be protected with a polyethylene

tube (0.2 mm thickness) covering.

Photo 40 Example of remedy for creosote




Pipe supports

PVC pipe is supported on a basis of the following standards.

Branches and bends are apt to receive undue stresses.

Inadequate supports at these parts may lead to trouble.

Completely anchor around them and clamp the piping at standard

sypport spacing.

TABLE 23 STANDARD SUPPORTS SPACING FOR PVC PIPE

Nom}nal Standard supports spacing (m)
size
Vertical pipe Horizontal pipe
upto 40 1.5 1.0
50,63 2.0 1.5

Fig 56 ANCHORING OF
TEES
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Remedy for freezing

Fig 57 ANCHORING OF ELBOWS
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In cold climate areas, the use of a drain device for icefree taps

and insulation covering for prevention of icing is mandatory.
Foam plastic insulation is best recommended for insulation.

Asphalt jute cloth is not recommended as it attacks PVC pipe.
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®ig 55 ELEVATED WATER TANK SYSTEM
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2) !Receiving tank system

Fig 54 LOW TANK SYSTEM
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(4) Example of installation
1) Direct connecting system

Fig 53 'PIPING WITH PARTIAL USE OF LEAD PIPE .




(3) Joiping to faucet

Fig 51 EXAMPLE OF INSTALLATION

WITH pvcC

PIPE

Raueat elboo |
AMC/&M-
& Léouwr \
Ellow
SEE PV‘CP:(.fL
G-l 5.
VSIS ‘iﬂ"ﬁ 225l mer7.cmund
10007,
ELlow~

Fig 52 EXAMPLE OF INSTALLATION
WITH PARTIAL USE OF PVC-LINED
STEEL PIPE
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CHAPTER V SERVICE PIPING

1 JoiniLg of service pipe
(1) TS joining
PVC service pipe is joined by TS method, basically in a similar
manner as for distribution pdpe. However, for pipes up to €3 mm
in nominal size, hand pushing is enough to join, without requiring

heavy force.

(2) Joining to dissimilar pipes
Joining to dissimilar pipes ishould be done as shown below. Threading

the PVC pipe is prohibitive.

1) Lead pipe

Fig. 49  JOINING TO LEAD PIPE
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2) Steel pipe (PVC-lined pip=)

Fig 50 JOINING TO "STEEL PIPE
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Fig 47 POOR SUBSOIL WORK (SANDPROOFING SHEET WORK)
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7. Repairing
If PVC pipe ruptures, it should be repaired with Dresser type

joints. As illustrated in Fig.48, remove the defective portion,

put new pipe in place and join with two Dresser type joints.

Fig 48 REPAIRING THE PVC PIPE
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(4)

Fig 45 EXAMPLE OF REMEDY FOR AVALANCHE

Poor subsoil work

The usual practice for installation of piping on extremely poor
subsoil is to lay piping orn ladder-type or gate-type footings.

In the case of PVC pipe, the work illustrated below to make use

of its characteristics is also effective where particularly marked
subsidence is anticipated.

The use of short pipe at the place where the soils of different
natures meet, joined to PVC pipe by means of flexible joints, will
let the pipe adapt itself to the natural stresses to ensure .

reliability of the piping.



Fig 43 CROSSING UNDER THE RIVER BED

(2) Crossing the roads or railroads.
Centrifugal reinforced concrete pipe is used as a. -sleeve pipe.
The PVC pipe should be sufficiently wrapped with straw mat to
avoid scratching the pipe, and then it should be inserted into
the Centrifugal reinforced concrete pipe.
Flexible type joint should be used to prevent shearing force as
Fig 44.

Fig 44 CROSSING THE ROADS OR RAILROADS
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{3) Sheeting works
For installation of pipelines on hilly slopes, measures to prevent
accident owing to avalanche of sand and soil or discharge of back-

fill earth due to rainwater and ground water, are required.
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6. Special piping.

(L)

1)

2)

Crossing the rivers

Pipelines across the streams or rivers are installed either by
ﬁsing aquedﬁcts or installing piping across the riverbed.

If the installation falls under the application of the River Law,
it must be carried out after the approval for the design and

installation methods is obtained upon prior consultation with the

river administrator.

Aqueducts
There are three systems cf aqueducts : installation along

existing overbridges, irsstallation on specially constructed
bridges and use of piping as main girders.

Steel pipe is used with adequate treatment for elongation or
constraction, vibrationproofing and heatinsulation.

Joining to PVC pipe must always be done underground using
flexible-type joints. Double cushion is a useful practice

near the rivers where the ground is soft.

Fig 42 JOINING 'TO ApUEDUCT
-~
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Crossing under the river bed

Steel pipe is used for crossing under the river bed, with
proper remedy for differential settlement and solid footing,
The steel pipe is joined to PVC pipe with flexible type joint
at the front or the back part of the inverted siphon (bend.).



Reﬁedy for elongation and contraction of underground pipe. _
PVC pipe has a coefficient of linear expansion of (7 x 10-5/0C),
which is about 6 times that of a steel pipe. With an -underground
pipe, its elongation or contraction is 1mpeded by the frictional
‘erce with earth. This produces thermal stress in the pipe.

The usual depth of embeddément for cold water services is 1.2 m.

Tﬁe effect of atmospheric temperature to the underground plpe

is considerably less than that to the exposed pipe.

So, the thermal stress produced in the pipe is far smaller as
'compared to the strength of the pipe.

In the actual Piping work, however, axial deflections are produced
depending on the condition of ground, backfilling methods and _
'other factors, by which pullout force acts upon the piping. Expan-
sion joints are required to absorb this force. 1In TS method, the
use of expansion'joints at intervals of 30m suffices to absorb

this force.

(Comment 1] .Elongation, contraction and thermal'stress of PVC pipe.
The amount of elongatlon or contractlon of PVC pipe by temperature

fluctuatdons is computed by the following formula.

Al = ™K1, 48 : . ’ ) (20)
where,

Ak

ol

1

49 = temperature changes in.Plpe in C-

amount of elongation or contraction in m,

coefficient of llnear expans1on, 7 x 10 (/QC)

p1pe length in m

The .elongation or contraction of underground plpe is 1mpeded
by the frictién with earth.  This produces thermal stress.
Thermal stress & of this time is " .

6p = E. X af (21) -
Although E (Young's médulus) varies with temperature,
it is 3.4 x 104 Kg/cm2 at 20%c.
'In this case, if a0 is 1°c, the generated stress (5%]
is 2.4 Kg/cm .
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TABLE 22 STANDARD CONCRETE PROTECTION AMOUNT

":"‘1*:‘ pistings :2:::“‘9 Types of backfill soil
* . where 2 Wat sand, densie hard Gravel and coarse Gravel containing
Pul0 Kg/cm sand, wet clay & sand stone (bearing clay & qulomcrqtc
{bearing cap,c:ity capacity 2 of coarse sand
5.0 ton/m“) 7.5 ton/m®) (bearing slplcity
10 ton/m“)
Area required | S8ire of Area required [ Size of Area required |[Size of
mm ‘ type ton for piotectiom one side for pzjotoction one side | for proiectlon one side
A (m") of square A (m") of square A (m®) of square
block block block (cm)
{cn) {cm)
Tee 0.354 0.0708 27 0.0472 22 0.0354 19
90°end 0.501 0.1002 32 0.0668 26 0.0501 22
5 45° » 0.271 0.0542 23 0.0361 19 0.0271 16
22 1/20" 0.138 0.02%86 17 0.0184 14 0.0138 12
11 1/40" 0.069 D0.01389 12 0.0092 10 0.0069 8
Tee 0.511 0.1022 32 0.0681 26 0.0511 23
. 90°Bcnd 0.723 0.1446 38 0.0964 31 0.0723 27
90 450 hd 0.391 . 0.,0782 28 0.0521 . 23 0.039]1 20
22 1/10" 0.199 0.0398 20 0.0265 16 0.0199 14
11 1/‘0" 0.109 6.0200 14 0.0133 B 12 0.0100 10
Tea 0.763 \ 0.1526 39 0.1017 32 0.0763 28
90° Bend 1.079 0.2158 46 0.1439 38 0.1079 33
110 PEL Y 0.584 0.1168 7 0.0779 28 0.0584 24
22 1/20" 0.296 0.0596 24 0.0337 - 20 0.0298 17
11 1/40" 0.149 I 0.0298 17 0.0199 14 0.0149 12
Tees 0.988 0.1976 44 © 0.1317 36 0.0988 31
125 90° Bend 1.398 0.2796 53 0¢1864 43 0.1398 a7
4s® - 0.756 0.1512 39 0.1008 32 0.0756 27
22 1/2°" 0.386 0.0772 .28 0.051% 23 0.0386 20
11 1/40' 0.19] 0.0386 . 20 0.0257 - 16 . 0.0193 14
Tee 1.240 0.2480 50 0.1653 41 0.1240 35
140 ‘900 Bend 1,754 0.3508 59 0.2339 ‘ 48 0.1754 42
40° et 0.949 ‘ 0.1898 44 0.1265 o 36 0.0949 31
- 22 1/20" 0.484 0.0968 31 0.0645 25 0.0484 22
11 1/40" 0.243 0.0486 22 .0.0324 - 18 0.0243 16
Tee 1.619 0.3238 57, 0.2159 46 0.1619 40
160 90° Bend 2.289 ! 0.4578 68 ’ 0,3052 55 0,2289 - 48
4% - "1.239 0.2478 50 0.1652 , 41 0.1239 . 35
22 1/2% 0.632 0.1264 36 0.0843 9 ~ 0.0632 25
11 31/4% 0.317 0.0634 25 0.0423 21 0.0317 1 a8
Tee 2.040 . - 0.4080 64 6.2720 52 0.2040 1 es :
180 900 Bend 2,885 0.5770 76 0.3e47 62 | 0.2885 | 54 i
as® - 1.561 0.3122 56 0.2081 6 . 0.1561 | a0
22 1/2° . 0.796 0.1592 40 0.1061 33 0.0796 ‘ 28
11 1/4° % 0.399 " 0.0798 28 0.0532 23 0.0399 N 1




TABLE 22 (Cont) sevceconas

Shearing Typea of backfill soil
Nominal Gravel and coarse
it “?5' force Wet sand, dense hard stone (bearing ::;': :::::::::.
o . :“:: x;/c-z (‘:::;1'“ 01:11: e Sy ) gt ating capaatt
sogaring papacity 75 ton/m 1 agapacity
f tron roqtred size oo | 5150 of e or e redees " siue et
) one aside for protection’ of aquare 2 of aquare
L) type ton for gmtection g{o:g“"" A(a?) blook A (x°) , block (Cm)
A (w°) (Cw) (Cnm) ,
Tas 2.515 0.5030 n 0.3353 58 0.2515 50
200 90° Bend 3.557 : 0.7114 84 0.4743 69 0.3557 60
45° - 1.925 0.3850 62 0.2567 51 0.1925 44
22 1/2°~ 0.981 0.1962 a“ 0.1308 © 36 0.0981 31,
11 174°w 0.492 0.0984 31 0.0656 26 0.0492 22
Tee 3.184 0.6368 80 0.4235 5 0.3184 56
90° Bena 4.503 0.8006 95 0.6004 7 0.4503 67
225 45° - 2.437 0.4874 10 0.3249 57 0.2437 49
22 1/2% 1.242 0.2484 50 0.1656 4 0.1242 35
11 174 0.623  0.1246 35 0.0831 .. i 29 0.0623 25
Tea 3.935 0.7870 89 0.5247 72 0.3935 63
90° Bend 5.565 1.1130 105 0.7420 86 0.5565 75
250 a5 » 3.012 0.6024 78 0.4016 63 0.3012 55
22 1/2% 1.535 ©0.3070 55 0.2047 45 0.1535 39
1 1/4% 0.770 0.1540 39 0.1027 32 0.0770 28
Tee 4.938 0.9876 99 0.6584 81 0.4938 70
280 "90° Bend 6.983 1.13966 118 0.9313 % 0.6983 84
45° - 3.779 0.7558 87 0.5039 n 0.3779 61
22 1/2% 1.927 0.3854 62 0.2569 51 0.1927 1 aa
11 1/4°% 0.966 0.1932 44 0.1288 36 0.0966 3
Tee 6.260 1.2520 112 0.8347 91 0.6260 79
s 90° Bena 8.854 1.7708 133 1.1805 109 0.8854 94
45° - 4.791 0.9582 98 0.6388 80 0.479) 69
122 1729 2.443 0.4886 70 9.3257 57 0.2443 v a9
11 1/4%» 1,225 0.2450 49 0.1633 40 0.1225 35
Tee 7.943 1.5886 126 1.0591 103 0.7943 - 89
90° Bend 11.233 " 2.2466 150 1.4977 122 1.1233 106
355 45°  » 6.079 1.2158 10 . 0.8105 | 90 0.6079 78
22°1/2% 3.099 0.6196 79 0.4132 64 0.3099 56
11 1/4°~ 1.554 0.3108 56 0.2072 a6 0.1554 39
Tea 10.095 2.0190 142 1.3460 116 1.0095 100
90° pend 14.276 2.8552 169 1.9035 138 1.4276 1 119
400 FTA 7.726 1.5452 124 1.0301 101 0.7726 88
22 1/2% 3.939 0.7878 89 0.5252 72 0.3939 63
11 1/4°% 1,975 0.3950 63 0.2633 51 0.1975 a8




TABLE 21 COEFFICIENT OF SAFE BEARING CAPACITY
OF BACKFILL SOIL k

Unit in Kg/cm2 '

: Oovefficient of safe bearing
Ngture of soil capacity of soil (k)

Horizontal Vertical
Soft silt and slurry 0.04 - 0.10 0.14 - 0.40
wet sift 0.25 1.00 - 2.00
Soft clay 0.25 1.00 - 1.50
Hard and dense clay 0.50 - 0.60 2,00 -~ 2.50
Clay cont:ining wet sand 0.50 - 0.60 2.00 - 3.00
Wet sand 0.50 ° 2,00
Coarse sand 0.60 3.00
'Gravel or coarse stone 0.70 ) 4.00 - 5,00
Gravel containing clay or |
agglomerate of coarse,sand 1.00 : 5.00 - 6.00

(3) Standard concrete protection
‘Protection is provided by placing concrete or pine lumber
2 ' . .
for an area of more than A m"~ square to thrust direction.

The minimum area is determined by the following -formula.

A=PWK cooinennnnnnnnn Y-
Where ‘A = protection'area in cm2 ‘
P = water pressure including’water hammer in Kg/cm2
W = thrust load in Kg per P=1 Kg/cm2 ,
k = coefficient oﬁ safe beéringrcapacity of

oy 2
soil in Kg/cm

Fig 41 METHOD FOR CONCRETE PRI ECTION




TABLE 20 THRUST LOAD W PER WATER PRESSURE = 1 Kg/cm2

Unit in Kg
Type Bends Blind
Nominal : and
cind \ 90° 45° 22 1/2° 11 1/£ tees
16 1.8 1.0 1.2
20" 3.1 1.7 2.2
25 4.8 2.6 3.4
32 8.7 4.7 6.2
40 14.1 7.6 9.9
50 22.2 12.0 15.7
63 35.4 19.2 25.1
75 50.1 27.1 13.8 6.9 35.4
90 72.3 39.1 19.9 10.0 51.1
110 107.9 58.4 29.8 14.9 76.3
125 139.8 75.6 38.6 19.3 98.8
140 175.4 94.9 48.4 24.3 124.0
160 228.9 | 122.9 63.2 31.7 : iél.g
180 288.5 | 156.1 79.6 39.9 | 204.0
200 355.7 192.5 98.1 49.2 251.5
225 450.3 243.7 124.2 62.3 318.4
250 556.5 301.2 153.5 77.0 . | 393.5
1280 698.3 377.9 192.7 96.6 493.8
315 885.4 479.1 244.3 122.5 :-626.0“
355 1123.3 607.9 309.9 155.4 794.3
400 1427.6 772.6 393.9 197.5 |1009.5
Note. Por tees, read the value for branch side.

(2)

Safe bearing capacities of backfill soil.

The coefficient of bearing capacity of ground (k) is usually

expressed in load k (Kg/cmz) required for compressing ‘the ground

2 .
lem, but for designing, the load k (Kg/cm“) required for 1mm

compression is indicated to allow for safety.




4. Designing of thrust protection

The bases for thrust protection of PVC pipe are as follows,
{Ts method) ‘
hen more than 24 hours have passed after joining, thrust
ip{rotection is not required, except for 90° bends over 200mm
;#n rominal size. However, through compaction around the joint
with fine quality sand is necessary.
* Thrust protection is required, for 90° bends of 200mm and over in
nomiral size and the tees joined with flexible fittings in more

than two directions.

<Rubber ring me £h0d>

* Thrust protectdon is required for all fittings except for straight

runs.

(1) Outward resultent force by water pressure.
| The thrust loads on a branch‘ or hend by water pressure are
generally calculated by the following formula. i _
This formula is a s:unpllfled calculation formula where\ on]A.y the
water pressure actJ.ng evenly on the bend is assumed and ;:he head
" loss at the bend is neglected '
Calculatlon of thrust 1oads per P=l Kg/cm with thJ.S equatlon

gives ‘I‘able 20.

W= 2P—'-2£d2 sin - (720.(17) :
Where W = water pressure in Kg'/cm2_'f
'd = inside diameter of pipe in vc_:m'..

3
i

bending angle in deg.

Fig 40 THRUST DIRECTION




Photo 36 Setting * Setting the drill
the drill The drill is attached to the split tee

after the simple sluice valve fitted

to the split tee is completely opened.

* Drilling
The drill must be slowly fed and overfed
about lcm after it has passed the pipe

wall.
Photo 38 Completion *  Completion o
‘of drilling ' The handle is reversed until the drill ‘is

fully withgrown and the simple sluice
valve is cloéed. , ‘ v
After the drill-has been removed from’the””.
split tee, the simple sluice valve is :

opened to check for water release.

(Comment 1) Cares for using split tee

1. Always use split tees for PVC pipe.

2. Use drill tool specifically designed for split tee.

3. Choose a hole-saw type drill for PVC pipe as a drill to be
set to the drilling tool. ‘ '

@omment 2] Example of drill for PVC pipe

Photo 39 Drill for PVC pipe




(Comment 2) Examp’ < of drills for PVC pipe
The hole saw type drills shown below must always be used in branching

from PVC pipe without interruptiny water flow.

Photo 34 Example of drill for PVC pipe

(2) Branching without interrupting water flow for branch sizes
40 - 63mm. ,
For taking a branch of 40mm and over in diameter from PVC pripe,
split tees and drilling tool for PVC pipe are used without interrupting
water flow. | ‘ ‘ |
. 'With PVC pipe, a maximum allowalkde branch size is 50mm f;om a pipe

90mm, and 63mm from a pipe of 110mm and over.

Fig 39 CONSTRUCTION OF * Cleaning

. -SPLIT TEE FOR PVC PIPE A Wipe cléan the outside of the
. B < .

- PVC main to be branched and the inside: .

"of split tee with a dry cloth.

&
Photo 35 Mounting * Mounting the split tee.
the split tee Checking the branching direction, mount

the split tee to the main.
The tightening torque for nuts and
Folts must be 400 Kg-cm . Be careful

to avoid uneven tightening.




Photo 33

Drilling * Dprilling

Turn the drill handle until the drill.
reaches the surface of pipe.

When the drill contacts the main, operate

the handle slowly and with care to avoid
rapid feed of the drill.

Give an additional feed of about lcm
after the drill seems to have passed
through the pipe wall, to ensure complete
penetration. After drilling, reverse the

handle to raise the drill.

Fig 38 COMPLETION OF * Completion of drilling
DRILLING
After raising the drill, close the cock
&//D )] and detaqh the drill from the corporatlonl
)
_ on 1. cock.
) co

[Comment

1.

1] Precautions for drilling PVC pipe.

A drilling tool for asbestos-cement pipe is usually used in
branching from PVC pipe w1tﬂ6ut 1nterrupt1ng water flow..“
However, the usual drilling tool for asbestos- -cement pipe’ has a
straight drill, the use of which for PVC pipe ‘will lead to trouble

owing to difference in material. To avoid this, always use the’

hole saw type drill.

Since the PVC pipe itself is elastic, it gives less resistance to’
drilling as compared to other types of piping materials. Because
of this, one is apt to drill a hole at a higher speed. However,
increasing the drilling speed will cause undue stresses to act upon
the pipe, which may lead to trouble. It is important to reduce the

drilling speed as far as possible.



Photo 28 Completic *  Completion

‘ After raising the drill, close the cock ahd
detzch the drill from the corporation cock.
For a lateral branch, put a blind plug to the
top side of the corporation cock and for a

vertical branch, put it to the lateral side.

2) Cast iroh saddle without corporation cock

Photc 29 Cleaning * Cleaning
Check the outside of the main (PVC pipe)
for absence of scratch and deformation and
remove earth and other deposits completely
with a dry cloth.
Also remove earth from the contact face of

the saddle.

Photo 30 Mounting * Mounting the saddle
the saddle When mounting the saddle to the main, the

tightening torgque for nuts andkoltgmust be

400 Kg-cm. Be careful to avoid uneven

tightening.

Photo 31 Mounting the * Mounting the corporation cock to saddle

corporation cock .
through
to saddle Use a sealan% to avoid leakage roug

the joint. Teflon tape is recommended as a
sealant.

Photo 32 Setting * Setting the drill.

the drill Set a drill with a hole saw type drill for

PVC to the corporation cock.

Make sure that the cock is correctly open.




3. Branching without interrupting water flow

(1) Branching without interrupting water flow for branch sizes up to

32 mm.

1) Saddle with corporation cock

i

Fig 37 CONSTRUCTION OF
SADDLE WITH
CORPORATION COCK

Photo 25 Mounting
the saddle

Photo 26 Setting
the drill

* Cleaning .

Check the outside of the main (PVCpipe)

for absence of scratch and deformation.
Remove earth and other deposits completely
with a dry cloth.

Remove bolts from the saddle of corporation
cock and clean the surface to be put in

contact with the main.

Mounting the séddle

Fading the corporation cock correctly ih the
specified direqtion, fasten the saddle with

nuts and Bolts, ;

The tighteniné torque for nuts andlolts is

400 Kg-ém. Be careful to avoid uneven tighténing;

Setting the drill S
Set a drill with a hole saw type drill for

. PVC pipe to fhe corporation coek of the saddle. :

Make sure the cock built in the corporation

cock is correctly open.

Drilling

Turn the drill handle until the drill reaches’
the pipe surface.

{This gives a contact feel to the operator)
When the drill reaches the pipe, operate the
handle slowly and with care to avoid rapid
feed of the drill.

Give an additional feed of about lcm after
the drill seems to have passed through the
pipe wall, to ensure complete penetration.

After drilling, reverse the handle to raise

the drill.



(b)

Joining to distributing pump

Fig 35, JOINING TO DISTRIBUTING PUMP
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(c) Joining to distributing tower
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Fig 36 JOINING TO DISTRIBUTING TOWER
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4) 1Installation of blowoff valves

Fig 33 INSTALLATION OF BLOWOFF VALVES
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5) Joining to distribution facilities
Water distribution system includes gravity and pumping systems.
Piping around service reservoirs and pumps is essentially

1nsta11ed with steel pipe, to which PVC pipe is 301ned. The use
of flexible fittings is mandatory.

(a) Joining to service reservoir

Fig 34 JOINING TO SERVICE RESERVOIR
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2) Installation of fire hydrants

Fig 29 INSTALLATION OF POST HYDRANT
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Fig 30 INSTALLATION OF SUNK HYDRANT
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‘3) Installation of air valves

Fig 31 NOMINAL SIZE 160 MM AND UNDER
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3) Joining to asbestos-cement pipe

Fig 27 JOINING TO ASBESTOS~CEMENT PIPE
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(2) Joining to valves and equipment

1) Joining to sluice valves

Fig 27 JOINING TO SLUICE VALVES
NOT PASSING THROUGH SLUICE VALVE CULVERT
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Fig 28 JOINING TO SLUICE VALVES
PASSING THROUGH SLUICE VALVE CULVERT
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2. Joining to dissimilar pipes and vallves.
There are a variety of methods of -foining PVC pipe to dissimilar
pipe7 or valves} but the following basic methods are recommended

for Qrevention of leakage and troubkle in maintenance and control.
(1) Joining to dissimilax pipes.

[]
The basic concept of joining PVC pipe to dissimilar pipes is to provide

a flange face on the dissimilar pipe side and join with mechanical type
joint.

1) Jec.n.ng to cast iron pipe

Fig 24 JOINING TO SFIGOT SIDE
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Fig 25 JOINING TO SUCKET SIDE
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2) Joining to steel pipe

Fig 26 JOINING TO STEEL PIPE
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(b) Cross branchi,._

Fig 21 CROSS BRANCHING

-
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(¢) 1Installation of bend

Fig 22 INSTALLATION OF BE&DSﬁ;

]

(d) Installation of socket

Fig 23 INSTALLATION- OF SOCKET
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3. Socket length

Fig 19 SOCKET LENGTH

m t

The socket length of a rubber ring pipe is determined on & basis

of m>50 + 0.22 D, which is prescribed by ISO. This m size of 50mm
takes account of elongation or contraction by temperature differences,
contraction by pipe bending and pull out by pressure and 0.22 D is an
allowance for bevelling of pipe end and Biased cutting. This means
the socket length of the rubber ring pipe allows sufficient length for

various conditions at the installation.

2) Laying

' The method of laying the pipe at the site is basically the same as TS
method. However, care must be taken in overland joining, because
bringing the piping down into the trench after joining pipes to an
excessively long length may cause pullout of the joint.
In joining of the pipe, place slippers'below‘the pipe to avoid
engagement of sand and soil in the rubber ring section. “Be sure to

remove the sleepers after joining.

3) Joining to fittings _
In joining of PVC pipe by rubber ring method, standard for installation
of fittings is as follows. '

(a) Installation of Tees

Fig 20 INSTALLATION OF TEES
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[Comment 1) Design of socket of rubber ring pipe
1. Shape of rubber ring

A rubber. ring, if designed into a U-form, is properly crushed
in the groove, when the pipe is inserted, to provide water
tightness at the joint with the elasticity of rubber {primary
sealing effect.) Further,when a water bPressure is exerted,
it acts to expand the lip from the inside of the joint.
This multiplies the water tightness at the contact face betweén
the socket groove and the pipe. This expanding force in-
creases with an increase in the water pressure (secondary
sealing effect).
An elastic reinforcing rib is provided to the lip of the rubber
ring to enhance the secondary sealing effect.
With the use of the two sealing effects, the rubber ring pipe offers

reliable service from low to high pressures.

Fig 18 SEALING CONSTRUCTION OF RUBBER RING PIPE

[ RSS— -«———
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2. Shape of rubber ring groove
The ring groove where the rubber ring is seated is made scuare

for the snug fitting of the rubber ring and reliable joining.



Photo 20 Setting the * Setting the pipe inserter
pipe inserter

Set each coil-end wire rope to both
male and female pipes, and mount the
pipe inserter. Take care not to allow

the wire ropes to slip.

Photo 21 Applying the * Applying the lubricant.

lubri t
ubrican Apply lubricant to the spigot end only.
It must be applied Inm~sufficient quantity

to the bevelled part.

* Inserting the pipe
the pipe Joining is done by bringing the pre-
marked gauge line on top, aligning

the pipe axis ahd operating the pipe
inserter until the pipe is pushed to

thé‘premarked position.

Photo 23 Checking * Checking the joint
the joint When the pipe is completely inserted,.put
a thickness_gauge into the<clearance ' v
between the socket and the pipe and see
that theklenéth from the rubber ring
up to the socket end is even over the

entire circumference.

* Completion
After joining, keep tie: joint free
fromyundue stresses such as bending

and tension as far as possible.




Photo 17 Bevelling the * Bevelling the spigot end
spigot end

Bevel the outer edge of the cut spigot
end as illustrated below.

Be sure to bevel to the size specified.

OtherWlse the rub‘ben Di:rlg mﬂy ke da.ma.ged
Oor twisted at the time of joining.

=R
AN

5 stnﬂZbg;

Photo 18 Marking the + Marking the éngagement length
engagement length Mark the engagement length on male pipe
“ as a measure for the pipe engagement

length at joining.

Photo 19 Cleaning ghe, * Cleaning the pipe ) ‘
Pipe - Wipe away mud andedirt from the_inéide
of socket'and‘outside of spigof.
If the rubber ri;; is removed for this
purpose, wipe the ring groove clean
with a cloth and réplace the ring
‘ correctly in the gﬁé@%e without any twist
letting the 1lip fa;eﬁg“”fé'inwards-

L) ; ) Correct fitting of rg?ber ring.

- .
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{2) Rubber ring method

1) Basic method

Photo 14 Tools and ° * Tools and materials

Materials , : ;
) Woodworking saw (cross-cut)

File (bastard cut for iron working, 300mm
or flat type for woodworking, 300mm)
Coil-end wire rope (same size as for

TS Method) .

Tape measure and marker pen

Lubricant and brush

Dry cloth

Pipe inserter

Thickness gauge

Photo 15 Cutting * Cutting the pipe
the pipe

Correctly measure the cutting point,
mark a gauge line at right angks to o
pipe axis with a marker pen and cut the

pipe with a saw.

Photo 16 Smoothing the .*¥ Smoothing the outside spigot surface
outside spigot surface The 1life of the bell end pipe joint lies

in the contact face between the rubber

ring and pipe, so tHe presence of scratches
on the outside surface of the pipe may

lead to leakage. Scratches must be
completely removed by finishing with the
back of a knife. Cut off the deeply

scratched end as this may lead to leakage.




(b) Cross branching

Fig 15 COMBINATION WITH TS TEE

(c) 1Instaliation of bends

Fig 16 (90°- 11°1/4) BENDS OF NOMINAL SIZE 160MM AND UNDER
(45°- 11°1/4) BENDS OF NOMINAL SIZE 180MM AND OVER

Pl cutan cam.}uf | m‘o'a_df'




2) Laying
Field assembly can be divided into the following two methods,
either of which should be chosien with due consideration for the
cond%tion of guéhing water, traffic conditions,

topography and other conditiors.

Photo 12 YJoining in trench * Joining in trench

Joining in trench is done either by
joining pipes one by one in trench or
by joining the pipes which have
already been assembled from two to
three pipes overland.

Either way, the cementing surfaces

must be kept free from earth and water.

* Joining overland
Pipes are laid on the square bars placed
across the trench, where they are
continuously joined. In bringing down
the assembled pipe into trench, a tripod

and chain block are used when necessary.

3) Joining to fittings

(a) Installation of Tees

Fig 14 TS TEE




Fig 12 JOINING PIPE TO SOCKET-END PIPE

T N

N
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Coil ~end. S~ T Gitpnd

2. Size of coil-end wire rope
Fig 13 and Table 19 show standard size of the coil-end wire
ropes used for joining pipe. Always use the wire ropes of
specified size.
Fig 13 COIL-END WIRE ROPE
3 : d ST
e Sy
Urap uu\{li cloth o
1% prolect L—>
! L
TABLE 19 SIZE OF COIL-END WIRE, ROPES .BY PIPE,  SIZES
No;n éznzl Rope diameter " Length of “ Overall
d, (rmm) coil 1 (mm) Length L (mm)
90 5 100 300
110 5 100 900
125 5 100 900
140 5 100 900
160 5 100 200
180 5 100 900
200 5 100 9200
225 5 100 900.
250 6 100 1000
280 6 100 1000
315 6 100 1200
355 6 130 1400
400 6 130 1500
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TABLE 18 REMEDY FOR SC

Itens

Remedy for SC

Use of optimum
amount of solvent
cement

Use guick-dry type solvent cement and
apply a thin and uniform coat of the cement.

i

Wiping of cement
i

Always wipe off excess cement with a dry
cloth. Also remove cement spilled on trench
bed.

Ventilatior

Afteyr assembly, blow out solvent vapor

from the inside of piping (for at least 4 to
5 hours) use a large-capacity, low-pressure
blower.

Cares for bending

Be sure to use bends

Provision of
sand cushion

Always provide sand cushion. Direct
contact of stone with pipe will produce
localized stress

Employment of
overland joining

Beforehand join two to four pieces of pipe
overland, remove solvent vapor through na-
tural draft and then make joining in trench

Earlier backfilling

Expedite backfilling. Leaving the assembled
piping exposed will increase temperature

differences, causing increased tensile stress.

Opening both ends
of pipe

Open all valves and air valves to improve
ventilation and remove solvent vapor

Water supply

After assembly, supply water to let the
water flow into thepiping system, when possib

(Comneﬁt 3]

How to install pipe inserter

Install pipe inserter to pipe using coil-end wire ropes

as follows:

1. Setting the pipe inserter to pipe

Fig 11 JOINING/ PIPE TO SOCKET

TS sockil., Y Spent bar

=

&"Jec,»' ‘\§;\




Application of solvent cement to the inside of the socket and the
outside of the spigot end of the pipe with the above construction
produces a dissolved aswell asa swollen layer of about 0.lmm inthickness
‘on each cemented surface. This permits the spigot end to enter smoothly
upto the point P. This action is called "fluid insertion". A
further {fforce push of the spigot end into the socket causes the pipe to
be squéeked by the elasticity of the PVC pipe. This force expands the
socket inside to allow insertion up to the point S. This action - jg
called "deformed insertion’. The cement oozing in the clearance between
the socket and the pipe will provide an adhesive effect if the clearance

is below about 0.2mm.

(Comment 2) Installation in winter or under cold climate
The following are the particular cares to be observed in installation of

PVC pipe in winter or under cold climate.

1. Handling of pipe
(1) Impact
Carefully handle pipe. Rough handling, hitting pipe to hard-objects
or dropping may lead to breakages
(2) Bend

Avoid undue bending. Be sure to use bends at every curve.

2. Remedy for SC (Solvent cracking)
SC is a kind of stress cracking. It refers particularly to the
cracks produced in the pipe material When solvent is added.
This may occur in PVC pipe when the following three factors exist
at the same time.
* Low temperature below 5%
* Stress (such as thermal and bending stresses)
* Presence of sélvent (such as solvent cement and corrosion

inhibitor).

The following table shows the method usually taken to solve SC.-
SC must be prevented by choosing an appropriate method depending on

field enviromment and conditions.



(comment 1) Principle of T8 Method
TS Method, which is an abbreviation for Taper Sized Solvent
Welding ﬁethod, is one »f the standard techniques for joining
PVC pipe. It is the solvent-cement joining method making the
best of the elasticity »f PVC and dissolution as well as swelling

by solvent cement.

Fig 9 CONSTRUCTION OF TS SOCKET
T % Sothet

d1=D+ (oA+ B)
d2=D- (x+ B)
a. - d
Taper T = 1 2 = 2 (+ B)
1l 11

PVC pipe has some tolerances (t«) in outside diameter D.
To allow joining of any combination within any tolerances, the

inlet size 4, of the sacket is made larger by o(+-§ than the

outside diam:ter of the pipe, and the inner size d2 of the
socket is made smaller by o(+)3than the outside diameter of the
pipe. This means that the pipe can be inserted usually up to
one third to two third the socket length, without cement appli-

- cation. This point is called 'zero point'.

Fig 10 PRINCIPLE (F TS JOINT

B Sw Il;n.ﬂagm—ﬁf
2: cements.

Efyective cleanar @ For Rodyirdt cimond
0.2 mm Ha,



Photo-8 Applying the * Applying the solvent ceﬁent
solvent cement Uniformly and quickly apply solvent

cement to the inside of TS socket

and the outside of spigot end.

The cement should be applied with

a thinner coat on the inside of

socket, but slightly more on the

outside of spigot end.

Photo~9 Inserting * Inserting the pipe

After the cement has been applied
the axes of both pipe and socket
are aligned and the pipe is pushed
into the socket aiming at the gauge

mark using the pipe inserter.

Photo-10. Sustaining * Sustaining

After insertion, they shoﬁld be kept
in>place. If the pipe insérter is
releaged immediatelz~after insertion,
the pipe ~ill be pushed out.

The sustaining time is at least one
minute in summer anq 2 to '3 minutes

in winter.

During this time, wipe off any excess
cement with a dry cloth.
Also remove any cement spilled in

the trench.

Photo-11 Completion * Completion

Right after assembling, the joint must
be kept free from bending, julling or
other undue stress because the

cement has not yet complefly. set

<pautioﬁ> In winter, remove cement

vapor. See the ccmment for details.




Photo-4 Laying the pipes * Laying the pipes

ETER I ————rp

T Manually place pipes down into trench.
Take care not.to allow rock and stone
to fall into the trench, and be sure

. to remove stone dropped into the

trench.

Photo-5 Checkirg the zero * Checking the zero peint and marking
point and marking the

engagement length the engagement length

Lightly push spigot end into socket
and see that the position where it
stops (zero point) is between 1/3 to
2/3 of the socket length.

Mark the socket length on the

spigot end as a measure fqr

engagement in joining.

Photo-6 Setting the * Setting the pipe inserter

pipe inserter Set each coil-end wire rope
- to both sides of male and female
pipes and install pipe inserter.
Beforehand wipe off moisture from
the pipe to avoid insertion failure

due to slip of the ropés.

hot«+-F Cleaning * Cleaning the pipe

Remove moisture, earth and dust
from the inside of TS socket

and outside of pipe:spigot end with
a dry cloth. If oil or grease is
attached, remove with a cloth wet

with solvents like acetone.




CHAPTER 1V DISTRIBUTION PIPING

Installation of pipe
(1) TS Method

1) Basic method

Photo -~ 1 Tools and materials

Phot -2 Cutting the pipe

Phot~3 Bevelling the spigot

end

* Tools and materials
Woodworking saw (cross cut)
File (flat, bastard cut 300mm,
for metal working)
Coil-end wire rope (sizes as per
Fig. 13 and Table 19)
Tape measure and marker pen
Solvent cement and brush
Dry cloth

Pipe inserter

* Cutting the pipe

Accurately measure the size to be cut
and mark a gauge line square to
pipe axis with a marker pen and

cut using a saw.

Bevelling the spigot end

Bevel spigot end of pipe about

2rm circumferentially with a file
or knife. Especially when the pipe
is cut, its cut end must be

smoothed.



TABLE 17 VALUE OF f BY TYPES OF FITTINGS

Kinds« of .
fittings Shape £
o
Elbow 45 0.4
90° 1.0
22 152° .1
° P
Bend 45
90° .
Straight f%owv , 0.
Tee Bending 90~ from straight flow 1.2
Meeting dead end, then dividing to both
ways 1.2
Reducer Depends on ratios of diameters 0.1 - 0.5




Fig 8 FLQ&_DIAGRAM BY HAZEN. & WILLIAMS FORMULA (C=140)
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(3) Head loss at fittings . o
Minor head loss by fittings is aften disregarded but it is‘obtqiped
by the following formula when it is necessary to be accurateiy

calculated as in a case for service pipe.

h=f V2 (16)
2g
Where, h = head loss in m

<
[}

velocity of flow in m/sec

gravity acceleration 9.8 m/sec

[Te]
il

f = coefficient of loss (to be determined depending
on the shgpe of fittings) ,
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Fig 7 FLOW DIAGRAM BY WESTON FORMULA
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TABLE 16 VALUE OF C OF H&W FORMULA

Type of pipe C Type of pipe C
Cast iron pipe(aftér 20 years) | 100 Centrifugal reinforced 130
concrete pipe
Steel pipe (after 20 years) 100 Prestressed concrete pipe 130
Mortar lined cast iron pipe 130 Unplasticized PVC pipe 140
Coated steel pipe 130 Rigid polyethylene pipe‘ 140
Asbestos-cement pipe 130

The value of C of PVC pipe is reported, in the reéults of the test

conducted by Prof. Kurokawa, Yokohama University, to be C = 145 - 160

(160 when water flows from the spigot of joints toward the socket and

145 in a reverse case) by Hazen & Williams formula.

not cause rust formation and build up of scale, it suffices with

Since PVC pipe does

C = 150 but C = 140 was adopted as this rate is generally accepted as

maximum,

(2) Flow diagrams

Flow diagrams by Weston and Hazen & Williams formulas are given in

Fig. 7 and 8.




2) TW Formula
Since variable V is included in the cdoefficient of the Weston formula,
the water works bureau of the Tokyo metropolitan government gives the
following formula for pipes upto 63mrﬁ,

as TW formula:

g=Ccd I (10)
Where, Q = flow in cm3/se:
C = coefficient of velocity
d = inside diameter of pipe in cm .
I = hydraulic gradient

In the test conducted by Mr. Morinaga of the Tokyo metropolitan
govermment, C=215 has been obtained at water temperature of lO?C, where

coefficient of kinematic viscosity (7)) = O.Ol3cm2/sec.

3) Hazen & Williams Formula

v=o0.84035 .c.r® 10 oA
The above can be changed to

0.63 0.54

V =0.35464 . C . 4 e I T e e e ieneeea(12)
"Q = 0.27853 . C . d2'63 . 1:0'54..........,.....} ..... eees(13)
a=1l.6258 . c 038 038 170-205 19
I = h/1 = 10.666 ¢ 18> | &—4'87>} QL85 ... am

Where mean velocity of flow in m/sec

= coefficient of flow

= inside diame«ter of pipe inm

v

C

d

I = hydraulic gradient
Q = flow in m3/&ec

1 = extended length of pipe inm
h = friction loss of head in m

cross sectional area of pipe

—_— — (m)
peripheral length of liquid
at cross section of pipeline

R = diameter depth =



2) Consumption at firing

[?stimated maximum consumption | + (fire demané)
per day

3) Minimum hydrodynamic pressure of distributing piping.
2 .
Standard hydrodynamic pressure is normally 1.5 Kg/cm or higher

and must not become negative at firing.

4) Arrangement of. piping.
(a) Draw plane figures for projected service areas and determine water

conveyance system whether it is to be gravity flow or pumping system.

(b) After considering the degree of scattering in the areas served and ;
differences in ground altitude, decide either network or tree system

piping and draw estimated pipelines.

(c) Make a skeleton drawing based on the intended pipelines and make
calculations after marking the ground altitude, distance among sections

and position of the existing lines, if any, of the major points.

(d) At this time, it is recommended to determine the type of pipe and

temporary pipe size.

3. Hydraulic formulas
(1) Formulas for mean velocity of flow (Formulas for friction loss of
head) .
Weston formula is recommended to be used for service pipes upto
63mm in nominal size, and Hazen & Williams formula for

distributing pipe.
1) Weston Formula

h = (0.0126 + 0.017%3%9.1087d ) 1 . Vv (9)

Where, friction loss of head inm

mean velocity of flow in m/sec

extended length of pipe in m.

h
\Y
1
g = gravity acceleration (9.8 m/§ec2)
d

inside diameter of pipe in m.

i
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CHAPTER TIII HYDRAULIC DESIGN

1. System'of cold water services

Pipelines used for cold water service systems are roughly divided

as follows.

Intake Filtration Distributing

reservoir plant plant

Water gervice

A

instaliation .

Filter pond and Clean water

Pumping station , ;
reservoir and

Ferrule and stop

urification X i , valve to each
at water source p distributing pump ,mé
pond station house
ivi . , , Serviée
Driving Waterxr Distributing lines |
i mains lines - R
blpe

Cold water services imply general sysitems that supply potable water to mén

through pipes and other works.

They are generally divided into the following classifications depending on

the population served (estimated population served)

Cold water services .
Private

Community

Cold water services

cold water services

cold .water services

Non‘specific peopile
of more than 5001 of

Non specifié people
upto 5000 of popula-

" Specific people

of more than

population served tion served 101

2. Basic-planning of distribution pipimng
Distribution piping is designed basi2d on the following data.
(1) Estimated maximum water consumption per day. '

Estimated maximum
consumption per X
day per man

Estimated population

average people
served(%stimated number of houses X ge peop )

per house

(2) Estimated water supply

1.3 (large industrial)
cities

1) Normal water consumption

Estimated maximum )
water consumptionper day, X
- 24

Estimated maximum
hourly consumpbion

1.5 (medium cities)

2.0 (small cities and
special areas)
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TABLE 14 STRESSES GENERATED BY WHEEL LOADS

(LIVE LOADS) (AT DISPERSION ANELE CF 45>

AND BEARING ANGLE OF 90° )

Nominal Depth of cover (cm) 60 70 80 20 100 120 150 200
m H
size . 2 .
Live Howm (kg/cm™) 9.635 | 0.517 | 0.430 | 0.364] 0.312 0.237 | 0.167 0.100
63 Pipe top 31.9 26.0 21.6 | 18.3 15.7 11.9 8.4 5.0
Pipe bottom 4.6 3.8 3.1 2.6 2.3 1.7 1.2 0.7
75 Pipe top 31.4 25.6 21.3 | 18.0 15.4 11.7 8.3 4.9
Pipe bottom 4.5 3.7 3.1 2.6 2.2 1.7 1.2 0.7
Pipe top 31.7 25.8 21.5 | 18.2 15.6 11.8 8.3 5.0
90 Pipe bottom 4.6 3.7 3.1 2.6 2.3 1.7 1.2 0.7
110 Pipe top 31.1 25.4 21.1 | 17.9 15.3 11.6 8.2 4.9
Pipe bottom’ 4.5 3.7 3.1 2.6 2.2 1.7 1.2 0.7
125 Pipe top 31.4 25.6 21.3 | 18.0 15.4 11.7 8.3 4.9
Pipe bottom 4.5 3.7 3.1 2.6 2.2 1.7 1.2 0.7
140 Pipe top 31.6 25.7 21.4 | 18.1 15.5 11.8 8.3 5.0
pipe bottom 4.6 3.7 3.1 2.6 2.2 1.7 1.2 0.7
160 Fipe top 31.3 25.4 21.2 | 17.9 15.4 11.7 8.2 4.9
Pipe bottom 4.5 3.7 3.1 2.6 2.2 1.7 1.2 0.7
180 Pipe top sl o31.7 25.8 21.5 | 18.2 15.6 11.8 8.3 5.0
Pipe bottom 4.6 3.7 3.1 2.6 2.3 1.7 1.2 0.7
200 Pipe top 31.4 25.6 21.3 | 18.0 15.4 11.7 8.3 4.9
Pipe bottom 4.5 3.7 3.1 2.6 2.2 1.7 1.2 0.7
295 Pipe top 31.4 25.6 21.3 | 18.0 15.4 11.7 8.3 4.9
Pipe bottom 4.5 3.7 3.1 2.6 2.2 1.7 1.2 0.7
250 Pipe top ) 31.4 2%.6 21.3 | 18.0 15.4 1.7 8.3 4.9
Pipe bottom 4.5 3.7 3.1 2.6 2.2 1.7 1.2 0.7
580 Pipe top 31.6 25.7 21.4 | 18.1 15.5 11.8 8.3 5.0
Pipe bottom 4.6 3.7 3.1 2.6 2.2 1.7 1.2 0.7
315 Pipe top 31.9 26.0 21.6 | 18.3 15.7 11.9 8.4 5.0
Pipe bottom ~4.6 3.8 3.1 2.6 2.3 1.7 1.2 0.7
355 ‘Pipe top 31.6 25.7 21.4 | 18.1 15.5 11.8 8.3 5.0
Pipe bottom 4.6 3.7 3.1 2.6 2.2 1.7 1.2 0.7
400 Pipe top 31.7 25.8 21.5 | 18.2 15.6 1.8 8.3 5.0
Pipe bottom 4.6 3.7 3.1 2.6 2.3 1.7 1.2 0.7

Note; . Calculation has been made for pipes ip group 10.

-
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TABLE 12 DEFLECTION J (CM) BY EARTH LOADS
(AT DISPERSION ANGLE OF 45° AND BEARING NAGLE 90°)
Nominal
N Depth of cover H (cm) 60 70 80 90 100 120 150 200
size 2

e Dead load Wé (Kg/cm”) 0.108 0.126 10.144 0.162 0.180 0.2186 0.270 0.360
Live load Wt (l(g/cmz) 0.635 0.517 10.430 0.364 0.312 0.237 0.167 0.100
Deflection by dead load Je 0.012 0.014 «€.0l6 0.018 0.019 0.023 0.029 0.039
63 Deflection by live load &g 0.025 0.020 €.017 0.014 0.012 0.009 0.006 0.004
Deflection by total loads & 9.037 0.034 €.0313 0.032 0.031 0.032 0.035 0.043

Rate of deformation (%) 0.59 0.54 .52 0.51 0.49 0.51 0.56 0.68

Deflection by dead load 4, 0.014 0.016 «.018 0.020 0.023 0.027 0.034 0.045

75 Deflection by live load £ 0.028 0.023 . 019 0.016 0.014 0.011 ¢.007 0.004
Deflection by total loads G.042 0,039 «(.037 0.036 0.037 0.038 0.041 0.049

Rate of deformation (%) 0.56 0.52 (.49 0.48 0.49 0.51 0.55 0.65
Deflection by dead load 4, 0.017 0.019 | .022 0.025 0.028 0.033 0.041 0,055
90 Deflection by live load de 0.035 0.028 (1,023 0.020 0.017 0.013 0.009 0.005
Deflection by totalloads 4~ 0.052 0.047 £.045 0.045 0.045 0.046 0.050 0.060

Rate of deformation (%) 0.58 0.52 €. 50 0.50 0.50 0.51 0.56 .07
Deflection by dead lcad Fe 0.020 0.023 CL026 0.030 0.033 0.039 0.049 0,066

110 Deflection by live load T 0.041 0.034 cLoz28 0.024 0.020 0.015 0.011 0.007
Deflection by total loads g 0.061 0.057 0,054 0.054 0.053 0.054 0.060 0,073

Rate of deformation (%) 0.55 0.52 0149 0.49 0.48 0.49 0.55 Q.66
Deflection by deas load 5 0.023 0.026 aL030 0.034 0.038 0.045 0.057 0.075

125 Deflection by live load g 0.047 0.039 [8.032 0.027 0.023 0.018 0.012 0.007
Deflection by total loads 4 0.070 0.065 0.062 0.061 0.061. 0.063 0.069 0.082

Jd Rate of deformation (%) 0.56 0.52 0.50 0.49 0.49 0.50 0.55 0.66
Deflection by dead load e 0.026 0.030 0.034 0.038 0.043 0.051 0.064 0.085

140 Deflection by live laod Se 0.054 0.044 0.036 0.031 0.026 Q.020 0.014 0.008
Deflection by total loads 5 0.080 0.074 0..070 0.069 0.069 3.071 0.078 0.093

Rate of deformation (%) 0.57 0.53 0,50 0.49 0.4¢9 0.51 0.56 0.606

Deflection by dead load EN 0.029 0.034 0.038 0.043 3.048 0.057 0.072° 0.096

160 Deflection by live load Je 0.060 0.049 0.041 0.035 0.030 ¢.023 0.016 0.010
Deflection by total loads 0.089 0.083 0.079 0.078 0.078 0.080 0.088 0,106

Rate of deformation (%) 0,56 0.52 0.49 0.49 0.49 0.50 0,55 0,66
Deflection by dead load Jde 0.033 0.039 0.044 0.050 0.055 0.066 0.083 0.110

180 Deflection by live load Je 0.069 0.056 0.047 0.040 0.034 0.026 0.018 ag.oll
bDeflection by total loads d 0.102 0.035 0.091 0.090 0.089 0.092 0.101 0.121

‘Rate of deformation {%) 0.57 0.53 0.51 0.50 (.49 0.51 0.56 0.67
Deflectioq by dead load 4 0.036 0.042 0.048 0.054 0.060 0.072 0.090 0.121

o Deflection by live load Je 6.076 0.062 0.051 0.044 0.037 0.028 0.020 0.0J2
Deflection by total loads 5 0.112 0.104 0..099 0.G98 0.097 0.100 G.110 0,133

Rate of deformation. (%) 0.56 0.52 0..50 0.49 0.49 0.50 0.55 09.67
Deflection by dead load Se 0.041 0.048 0..054 0.061 0.068 0.081 0.102 0,136

225 Deflection by live load e 0.085 0.070 0.058 0.049 0.042 0.032 0.022 0.013
. Deflection by total loads g 0.126 0.118 0.112 0.110 0.110 0.113 0.124. 0.149

Rate of deformation (%) 0.56 0.52 0.50 0.49 0.49 0.50 0.55 0.66
Deflection by dead lcad de 0.045 0.053 0.06C 0.068 0.075 0.090 0.113 0.151

250 Deflection by 1live load I 0.095 0.077 0.064 0.054 0.047 0.035 0.025 0.015
Deflection by total loads 4~ 0.140 0.130 [0.124 0.122 0.122 0,125 0.138 0.166

Rate of deformation (%) 0,56 0,52 0.50 0.49 0.49 0.50 0.55 '0:66
Deflection by dead load Je 0.051 0.060 0.JD68 0.077 0.085 0,102 0,128 0.170

280 Deflection by live load de 0.107 0.087 0.J073 0.062 0.053 0.040 0.028 0.017
Deflection by total loads 4 £.158 0.147 0.141 0.139 0.138 0.142 0.156 0.187

Rate of deformation (%) 0.56 0.53 0..50 0.50 0.49 0.51 0.56 0.67
beflection by dead 1.ad dp 0.058 0.068 0.)378 0.088 0.097 0.117 0.146 0.195

315 Deflection by live ioad I 0.123 0.100 0.183 0.070 0.060 0.046 0.032 0.019
Deflection by total loads (- 0.181 0.168 0,161 0.158 0.157 0.163 0.178 0.214

Rate of deformation {%) 0,57 0.53 C.551 0.50 0.50 0.52 0.57 0.68
Deflection by dead load Je 0.065 0.075 0.)86 0.097 a.108 0.129 0.162 0.216

355 Deflection by live load J} 0.136 0.111 10.0292 0.078 0.067 0.051 0.036 0.021
Deflection by total loads J 0.201 0.186 0.0L78 0.175 0.175 0.180 0.198 0.237

Rate of deformation (%) 0.57 0.52 0.2330 0.49 0.49 0.51 0.56 0.67
Deflection by dead load de 0.074 0.086 10.298 0.110 0.123 0.147 0.184 0.245

400 Deflection by live load g 0.154 0.126 0.L05 0.089 0.076 0.058 0.041 0.024
Deflection by total loads J 0.228 0.212 0.303 0.199 © 0,199 0.205 0.225 0.269

Rate of deformation (%) 0.57 0.53 .31 0.50 0.50 0.51 0.56 0.67

Note. Calculation has been made for pipes .in group M.




(4)

The largest bending moment by backfill is pProduced at the pipe
bottom, but the largest bedning moment by wheel loads is produced
on the pipe top. The overall maximum bending moment is therefore

either at the pipe top or the bottom depending on burying depths.

Strength and safety of PVC pipe.

Tables 12-15 show the deflections and stresses

tobbe generated in pipe when two 20~ton trucks pass simultaneously

over the buried pipe, calculated from the foregoing formula. The data
reveals sufficient safety of the’PVC pipe against deflections and

stresses generated (rate of deflection below 5% and bending stress below

225 Kg/cmz). Although the PVC pipe has a bending strength of 900 kg/cmz,

ité allowable bending strength is defined to be 225 kg/cm2 by taking a safety

factor of 4 to allow for long term service and burying conditions.



(3)

Fig 6. EARTH LOAD DI& TRIBUTION BY WHEEL LOADE

wt -

W=
T

Wt

3) Total deflection

o = 5,

+ S (7

Establishment of the limit for total deflection & is difficult with

flexible pipe like PVC pipe. However, 5% of the outside diameter of

the pipe was determined as design value by taking reduced cross section

of flow, ground subsidence and! joint strength into general account.

Generating stresses

6 (Ne e + K¢ Wy R? - (8)
6= >
t
Where, éf = bending stpress generatlng in pipe in Kg/cm2
We = backfill load in Kg/cm
Wt = wheel load in Kg/cm2
R = radius of pipe in cm
t = wall thicknsss of pipe in cm
Ke = coefficient of behdingimoment by backfill load
(20 = 90° i taken for standard:backflll condltlons)
Kt = coeff1c1ent of bendlng moment by wheel ilcad
( 0.076 for pipe top)
( 0.011 for pipe'bqttom)'
TABLE 11 VALUE OF Ke
Q
Position 26 60° - 90° |, 120
Pipe top D.132 0.120 : 0.108
Pipe bottom 0.223 0.160 ‘ 0.122




(2) Deflections of pipe

The amount of pipe deflection depends on how earth loads act
upon the pipe. Since the distribution of the earth loads acting upon
the pipe varies with the condition of the earth and the types of loads,

the distribution shown in Fig. 5 and, 6 are presuied here.

1) Deflection by backfill load

S -x —HeR (5)

Where, (§e= vertical deflection in cm.

W = earth load of backfill in Kg/C‘m2

Re= radius of pipe in cm

E = Young's modulus of pipe in Kg/cm23

I = moment of inertia in cm4 (I = ——EIE———A

K = coefficient deterhined by support angle 2 8

(20 = 90° is taken in standard burying conditions)

TABLE 10 VALUE OF K

: o
Support angle 26 60o 90o 120

Coefficient K 0.100 0.084 " 0.070

Fig. 5 EARTH LOAD ' DISTRIBUTION BY BACKFILL LOAD

TR ReERyis

2) Deflection by wheel load

We gt (6)

" t
St- 0.03 T

Where, 5} vertical deflectionzin cm
Wt = wheel load in Kg/€m
= radius of pipe in cm
E = Young's modulus of pipe in Kg/cmzu 3

. . \ 4 . t
= moment of inertia incm (I = ——IE—_-)



2) Wheel load (live load)
Kogler formula
2P (1 +i
W= — (1 +i) (4)
(20 + 2H tan®) (150 # 2H tane)
e
. ] 2
Where, W_ = wheel load in Kg/om
P = Jload per wheel in Kg (8000 Kg for 20 Ton-truck)
H = depth of cover in om
8 = stress distribution angle in deg. {where 9=4S°)
i = coefficient of impact
i =0.5 at HZ 150 em
i = 0.65~0.001H at H = 150 -~ 200 cm.
The application range of this formula is up to depth of cover
H = 200 cm and is based on wheel to wheel distance of two parallel
running vehicles of 100 cm (Fig 4). For deeper depths, the effect
of three and four wheels must be considered.
Fig 3 EARTH LOAD Fig 4 DISTRIBUTION OF
) ) WHEEL LOADS
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12

Burying strength of PVC Pipe
Earth loads

The earth loads acting upon the pipe buried underground are

roughly divided into the following classifications:

backfill load (dead load)

(a)
(b)
(c)

wheel load

(live load)

weight of water and pipe (weight of PVC pipe can be disre-

garded as it is asmall-diameter pipe.)

These earth loads involve considerable complexity as they vary with

the nature of soil and sand,
trench, back filling conditions, the weight of vehicles,

of road surfaces,

and other factors.

the cond

For a long time, the earth

the consolidation of earth, the types of

ition

loads on a buried pipe have been the subject of repeated tests and

experiments in the U.S. and Europe.

results of experiments were obtained,

various formulas for earth loads.

In Japan as well, appreciabilé

which have led to-'the announcement of

Since earth loads vary considerably with various conditions as mentioned

above,

required conditions, from many formulas.

recognized formulas suitable for use is employed.

‘1) Backfill load (Static load)

Vertical formula

it is extremely difficult to adopt an optimum formula to meet

Here, one of the generally

We = Y H ' (3)
where,‘ ‘We = vertical earth load iang/cmz' ;
Y = unit weight of earth in Kg/cm3 (See Tabld 9).
H = depth of cover in cm.
Application range of this formula is upto depth of cover
H = 200 cm. For deeper covers, Marston'fofmula is used;
TABLE 9 UNIT WEIGHT OF EARTH )
, 3 - : .
Nature of earth | Weight (Kg/Cm% Nature of earth | Weight (Kg/cm”)| Nature of Welght3
: earth |(Xg/cm")
Dry sand 0.00160 | Dry clay 0.00177 Dry earth| 0.00128
Moist sand 0.00176 Moist caly 0.00193 Moist earth 0.00144
Wet sand 0.00193 Wet caly 0.00209 Wet earth | 0.00177




- EIL -

Whexr=, P max Short time burst pressure in Kg/(:m2

d} = Short time tensile strength in_Kg/Cm2
(50 Kg/C,m2 at temperatures below 25°C)

t = Wall thickness of pipe in mm

D = Meamn outside diameter in mm

calculations of the hurst pressures by the above formula

gives Table 8.

TABLE 8 CALCULATED BURST RRESSURES (AT NORMAL TEMPERATURE)
OF PWC PIPE

N?tizzl Short time burst pressure ,Kgﬂkmz
Group 6 Group 10 . Group 16
16 , , 103
20 ' 81
25 82
32 60 ' 81
40 53 81
50 37 50 : 82
63 31 .50 , : 81
75 30 50 81
90 31 50 80
110 : 31 sl 81
125 31 50 ‘ ‘80
140 30 50 80
160 30 51 | e
180 . 30 50 - . 80
200 ' 30 50 80
225 30 50 80
250 30 50 80
280 30 50 "
315 30 50
355 30 50
400 30 50

Note; The burst pressures shown are calculated for reference purpose
only based on standard outside diameter and minimum wall thickness
of pipe. 1In practice, they vary within the tolerance range of

the wall thicknesses and qutside diameters of the pipe.



2. Hydrostatic strength of PVC pipe

(1) wall thickness calculation formula
The wall thickness of the pipe has been calculated from the formula
%
which takes into account the maximum allowable hoop stress of the

material and the nominal pressure and diameter of the pipes,

P De

t— e - -- (1)
28 + P
Where t = Wall thickness {mm)
De = Mean outside diameter (mm)
P = Nominal pressure (kg/cmz)

Maximum allowable hoop stress (kg/cmz)

[comment 1] Maximum allowable hoop stress
The ISO (International Standard Organization) has obtained long-time.
strength from the results of long-time internal pressure test for more
.than 1000 hours and has set a stress, from the results of their test,
that can be guaranteed to-keép the pipe free from failure for 50 years
by giving an allowance of 1/2 to 1/2.5 to the short-term tensile
strength. .
They have set out that the maximum allowable hqpp stress of a PVC pipe
is that stress plus an allowance for 2.0*42.5 of saféty factor #for use.
In Iranian standard, the value 6f the maximum allowable ‘hogp ®tress

'-has been' taken as 100 kg/cm2 at 20°C, . %

[Comment 2] Water hammer varies greatly with the Young's‘quulus of pipe 
at the same size and velocity of flow. Calculation by Allievi formula
“in qﬁick closing of valve indicates that the water hammer‘in PVC pipe is‘
'6nly about 1/3 of steel and cast iron pipe and about 1/2.5 of asbestos- v

cement pipe.

(2) Burst pressure
The short-time burst pressure of PVC pipe can be computed
as follows; '

267

max = D~ t




(3)

Gt tiasile ilisw g TR

(xa/em

Time~dependent changes of tensile strength and elongation
The relationships between the long-term tensile strength and
elongatioh of Pvé pipe are graphed in Fig. 2. The data shows
the time measured to failure of the PVC pipe which is sub-

jected to various tensile stresses at a prefixed rate.

They reveal that failure cloes not occur at stresses below
one half the short time strength. 1In plastics, the stress under
which the equilibrium is reached, is called limit of sustained

durability.

Elongation, on the other hand , tends to increase as fime passes
by

Fig.2. LONG-TERM TENSILE STRENGTH AND

ELONGATION.

M{
i
:
e
. I
300 A TR
o, —~— '[ [’ , . C T _§
280 feeimem peesc s a . - " I Y | R [  poid
R ; ! -
9 T . \.-—' ——q——f—.————-ﬁ-~ —rv-—-i ! li t JWL'I *}
- . SR TSI S B WSSUUN S S S 0 4 19 o
0 i i R R 11
e i i e S e A AP S R B R 4 R
150 Ao b -1 bem : T s k!
— -} e ’”'“T“*"y‘F“~%“f“—“*”%fﬁrﬁy )
— SO ST TUIUE- S SRR A R S 12T . d
i : | Loy i ~
e ebedbhidas o x
RSN P
:ron- _.O
115 .,
1o (%)
1.5 (26T)

0.01 10° 20 30 10°



(2) Temperature versus modulus of elasticity and tensile strength
The modulus of elasticity and tensile strength of PVC Pipe
vary with temperature. This is illustrated in Fig. 1. Since
PVC pipe is'thermoplastic , its mechanical strength changes as
temperature varies. The strength tends to decrease as the

temperature increases.

Fig. 1 DEPENDENCY OF MODULUS OF ELASTICITY
AND TENSILE STRENGTH ON TEMPERATURE
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CHAPTER II RUNDAMENTALS

1. General properties of PVC Pipe
{1} Basic properties
Basic properties of PVC pipe are given In Tabia 7.

TABLE 7 PROPERTIES OF PVC PIPE (8. ; temperature at oc)
Tests Symbol Unit value at 20% Remarks

Specific gravity Y —— 1.38 - 1.45 * Temperature variations are negligible

Hardness

Shore D 70 - 90 .

Rockwell R 110 - 120 Equivalent to aluminum

Water absorption lﬂg/(:m2 vrl.OS Indicate saturation value (after about

! 3 months)

- ; 0.15 in 7 days

Flammability Selt-lsjutlnquishlnq Burns near flame but self extinguishing when
— : the flame is  moved away.

Weather resistance Color fading but , s i

without degradation Tensile strength slightly increases but
elongation decreases.
in strength

Short-term 2 o, max. = 660-6.658 (same ihocircumfurent.ml

tensile satrength OJT max xg/cm 530 direction) where 8 =720 -~ €0 C

Long-term 2 _ ’ R -

tensile strength & Xg/cm 270 o; = 0.5 s, max 320 3.32 8

Elongation at rupture 8’!‘ A3 10 - 150 Where 8 = =20 - 40°C
_by short time tension

Young's modulus £ Kg/cm? 3.4 x 10° B= (3.808-0.0226) x 10%

{vibration method) where 8 = -10 - 52°C

x * . = 2.768 - 0.

Polsson’s ratio m 2.7 m= 2,76 0.0148 Where 8 = 0 - 80oc
i g

Bending strength 8 max Kg/anz 90Ct - 1100

thearing strength &y max Kg/an2 650

-

’ ::::T‘::::n(;:}i:) oc =% - +5 Segment is frozen and shows brittlenoss.,
Primary transitiaon 75 - 80 When ‘subjected to these heats, fegment
(sottening point) oC ! causcs thermal vibration and shows rarked

v softening.

5

;.: Fabricating o 1101 - 140 Temperature suitable for fabricatina

" temparature (o} . .

@ through deformation.

[N

5‘1 Wrlding temperature °C 180 - 185 - Becomes slightly viscous and colour into brown.

o

= I . - -

A I'Moulding temperature oc 190/ ~ 200 Bccomes pastelike to collapse pipe

o shape. Suitable for moulding,

_Z'i Decomposition 205 - 210 © Scorchina by carbonization and dehvdro-

G temporature ‘c _chloration. At further higher temperatures, the

pipe closes.

specific heat ) T " Keal R ‘ . o . o~

Thermal conductivity ().'\ 7 /Xq'oC 0.2» - 0,28 Average specific heat of 0-1007C,

. . o . ‘ Mode 0,24 .

Caefficient of linecar Kcal/m.h. C 0.1 - 0.14 . o

Axpan. ion o o ) -5 - Average thermal conductivity of 0 « 100 C

/c . 6 -7 x10 ’ Mode o0.13

rpecific volume reasistivity O = (5.8 + 0,024 8 ) x 107>

Ncm 3-5 x 1015 -

. N here o [ OC
Mielectric strength KV/mm 23 -~ 28 7 . High eloqtric insula‘gor and nonmaqncgizing.




Nominal Fltfings
size , Socket £ Socket f
Slngle Dol_lble Bend OCke or ocke or
socket socket — connecting connecting
90° 45° 22 1/20 11 1/4° with Asbes-~ with cast
tos cement Iron pipe
—_— pipe i
le
20
25
32
40
50
63
75 A B A ,B B B B B B B
‘90 A, B A,B |[p B B B B B
110 A, B A ,B B B B B B B
125 A, B A, B B B [ B B { B - B
140 ‘A , B A, B B B B B B B
160 (‘a B A, B B B[ B | g B . B
180 B B IB | B B | B - B - B
200 [ 3 | 5 B B |. B B B | B
225 B B B B B B B B
250 B B B B |. B B B | B
280 B B B | B B B B B
315 B ] B B B B B B B
355 B B B B B B B - B
400 B B B B B B B B




(3) Kinds of tapered socket type fittings

TABLE 5 KINDS OF TAPERED SOCKET . TYPE FITTINGS

Nominal - Fitting$
. - : ket £
size socket Elbow Bend Socket for Socket .on
S > Tee Cap P’ o > 5 connecting connecting
ith G
90 45 00°] 45°| 22 1/2°| 11 /47 | “l Acvestos Mwww \me
cement pipe pip
16 A a |a a a
20 a a |'a A a
25 A a|la A a
32 A A | A A A
40 A A | a A A
50 A A | A A F
63 a A | A A A
75 A,B 4 A | A a a B | B B B B B
en A, B Al A A} a B | B B B B B
110 a,s | a2’ a A B | B B B B B
125 A ,B Al A A A B | B B B B B
140 A,B Al a A a B | B B B B B
160 A, B A A A A B B B B B B
180 B B | B B B B
200 ’ B ; B B B B B B
225 B B| B B B B
250 . B : B| B B B B B
280 - B : B| B B B B
315 B B B B B B B
355 B B| B B B B “ B
400 . B ) ’ B B B B B o B

Note : B is a symbol to denote fittings formed from pipe.



(1) Kinds of tapered socket type fittings for faucets

TABLE 3 KINDS OF TAPERED SOCKET TYPE FITTINGS FOR FAUCETS

Nominal Fittings
size
Faucet Socket Faucet Elbow Faucet Tee
16 A A A
20 A A A
25 A A A
32 