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Case A: Prism formula

Flp. 61

EorE

L2

H=2Z0m

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

W: = 0.001yH

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

Case B: Marston's formula for ditch condition

Fln. 6-2

H=20m

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

wr= 'DUD'II {1_E-E-|1-H|E:IB
2k tan ¢

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

14 =in 4

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

Flo. 6-3

TEEWﬂ

B =Dk

rmwmwmr

Flp. 64

{banking)

O

| positive- projectian)

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

W: = 0.001CD

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

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

o £ This farmula is recommended under
VT, | negative-projection embankment
1 condition.
(bankmng)
H Wi =0.001CyB
L 5 Where,Ca: Cosfiicient (See Fig. 6-7)
e *m B : Width of tranch (m)
I In Fig. 67, p' = hB
(negalive-prejection)
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6-2-1 Truck load Earth pressurs due to caterpillar load by bulldozer is calculated by the balow formula
Earth pressure due to fruck load is calculated by Boussinesq formula.
W. = 10F«P Al B0
Wheara, W:: Earth pressure dus to truck load (MPa)
F : Impact factor (= 1.5)
P : Load of ona rear tire of treck (in case of 250 kN truck, P = 100 ki)
a - Cosfficient (See Fig. 6-8 and &-9)
Coafiicient = for one truck Fip. &8 Lm b b
i07em g7 TIBM200] | [ [ T T 11 H i gl
7 | [ Ir l .I"'IIII i
P 1 .'l':.l'i LT
& D"“' i . g
S ot mu @
. 4 [DN1500 |
EH1% | | .
* DhZ200 T | WH |'|[|H|{1 -I-I}
2 ! = —
| DR it b+2H tan 4
1 “. lt__-_‘_
o s 10 15 20 25 30 A5 40 48 80 15 B.0 WhElrE, WI . EE'th pmum mﬂ t{l mt&rp'"'m ||E|-E|:| iMFﬂ}
Bapth of darth cave: {m) n : Mumber of caterpillars affects on the pips (n=1or 2)
Cosflicient o for two trucks Fig. &8 H : Depth of earth cover (m)
X T phay HH | 1 § - Distribution angle of caterpillar load (normlly #=45')
o[ov i i - Impact factor (i = 0.2 for weak ground and i = 0 for others)
8 - b - Width of caterpillar (m)
L. s - Vertical pressurs of vehicks (MPa) (Ses Table 6-1)
7 I
‘ Man '- 1 Talle 61
5 Eﬁb 1T : Classof Buldozer | geiMPa) | bim) | Distance of caterpilars (m)
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1) At band

Flg. &1
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2) At tee

Fig. &2
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3) At reducer

Fig. &3
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4) At pipeline and _

(]
i

P = 2pA sin-2-
2

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

P=pa

Where, a: Sectional area of branched
pipe

P = p(A-a)

Whera, A - a: Changed sectional area

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

TR v !
777
,/// A
£ £ I-F. Wy
| B i
| T @; P
|4 e T
-TW "
Where, P : Thrust force
W : Total weight at the block bottomn (= W + We +Wh)
Wi Waight of soil on the block
Wz: Waight of water and pipe in the block
Wh: Waight of block
W : Friction force
- Friction cosfiiciant between concrate block and soil
E : Passive earth pressurs at the backside of the block
1
E =—Cuylhe-h)2
2
Ca: Coafficient of passive earth pressurs

C.=tan’(45+ L)
2

¢ : Internal fricticn angle of soil
¥-
# - Projection length of the block

Unit waight of sail

Fiar the harizonial bend, the concrete block should satisty:

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

P< uW+E

oonsidemton for the design.

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

F?T |
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NP e A Al t
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sl =Py \\ 8
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Wheare, P : Thrust force

P4 Honzontal component of the thrust force

Pz: Vertical component of the thrust force
(W — P4} : Friction forca
E

: Passive earth pressure at the backsida of the block
F : Active sarth pressura at the both sides of tha block

Concrate block shall be designed to satisfy the following conditions.

* Against the horizontal component of the thnest forca

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

* Against the vertical component of the threst force

g

P:=P {:ﬂEE{W+F

Fo2F- %C.'y.{hy’-h.*}z{ﬂd} o

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

C. =tan’(45™-4/2)

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

oconsidsmdian for the design.
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Concrate block shall be dasigned to satisfy the following conditions. w M M & M m
* Against the horizontal componant of the thrust forcs
.8
P.=F S-II'IE{'.;.:{W+ P:)+E FﬂH

» Against the wartical componant of the thrust force

P: — P cos——
2

o — WP <o

BL I

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

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

Maoie: When conorebe blodk is. consirucied under the water table, buoyancy showld be telen nio
oorsiderntion for the design.
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Restrained coupling Kubalock-T Ag. &10
Lock bok e Set bl
By
T o :1‘] e —
— e
Table &5
DN Alkwiatile mammum prassure Allowabie daflaction angle
(MFa)
i) o 200 25 23
250, 300 23 200
350 20 200
400 20 143
450 500 20 "3
& 15 "3

(X0 I (R DD DRXIDBERK] (D] (I CIRHERDDRIIX] (XIXIXIK] X KIMRERIKINI O
DI B DK BRI DBORIX] . DK

TF-type restrained joint

FAp. 12

s

P__.—-—E-HM!-"-HH]

MLock ring

Ratainer gland Kubolock-K Fig. 11
IEME -0
DN Alkrwizkole: mamLm prassure Allviakia daflection ngle
(MPa}

B 1o 200 25 ¥
350 25 I8
400 25 205
450 23 1'65
] Pl 14
& 1.7 )

(] DI04 (XRRIX] (XD BRIIDABRK] (D] (XX CIBHEKDDREIX] (XIXIIK] DX (KIXMDERBOE (XD BIXIX] (X

DRI DRI (DAY (X

Table &1

D

Alicvabie banding romeant

Alowesbie maximum pressuns

{kN-m MPa)
400 10D 4.7
A5 110 4.3
S0 120 4.3
1] 140 3.0
TO0 170 a0
and 190 3.0
(0] 20 2.0
1000 2480 20
11900 260 2.0
1200 2900 2.0
1400 K 20
1500 350 20
1600 380 20
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Thie required restrained langths on each side of bend for Kubolock at 1.0 MPa are

tabulated in Tabls 8-9.

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

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

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

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

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

(2) Earth pressura by backfill

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

- Prism formuls

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

- Marston's formula

— ¥ 1- -Bk-mH.l'BE_
= Rtang ' = )

Whera, K :Constant

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

3y Passive earth pressurs

Fn = fols ccks%

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

fo = % Cop (HaH-2 R

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

{4} Friction force

Fu = 2fL sin-t
=

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

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

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

Whare, S : Safety factor (= 1.25)

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

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

- Il case of L>Ls

| = __ S L. cos(8/2)
_ 2 sin{&2)
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The required restrained length of pipas Li for the resistance forces is given by the

below aguation.

P

L=
2H sin(8/2)+h. cos(8/2)

Where, & - Safety factor (= 1.25)

At the same tims, the required restrained length of pipes L for the bending moment is

given by the below equation.

Lz Pa’E+.,"I:F'a’E:I!-4frhUE

213

Where, P::P:=P cos( 8 /2) (kN)
M: : Allowabls bending moment (kN-m)

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

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

tabulated in Table 8-10.

Required restrained lengths for TF-type joint at 1.0 MPa Tabile 810
DN Resiraines length L on each side {m)
B0 bend 45°band 224Zend | 11-14tend | Ppeend

400 134 a1 40 22 158
450 15 1 T i 24 248
500 167 10,4 48 27 237
B0 167 132 55 31 273
700 PR 15.2 fi.d 44 X7
RO 2449 171 75 34 314
00 212 18y 7 41 #4
1000 203 203 o 44 A
1100 14 24 0.8 47 423
1200 333 232 16 51) 448
1400 364 254 131 B& 443
1600 364 2.9 136 57 51.4
1600 400 2810 145 59 M

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

- Unit weight of soil: 16 kN/m?

- Internal friction angle of backill soil: 30°
- Friction cosfficient: 0.3

Male:

(1) Use of collars of sach end of the restmined pipeline is rcommended

(2} In cose that the totl restmined length is over 100 m at one portion, combination of restmined joint and
conorebe block is recommendsd because unexpecied bending moment beyand the allowable vals
might be npplied io the joint by ground movement and so forth.
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Internal coating for fittings

for water supply is normally by about 0.1 mm thick synthetic resin (epoxy) coating. For soft water or acid
water, fusion-bonded epoxy coating for DN1500 and smaller fittings and high-build type liquid epoxy coating
for DN1600 and larger fittings

Aggressive fluids

Acid water (see Table 9-2)special care shall be taken. Aggressive fluid for cement mortar lining

As an evaluation method of the aggressiveness of water to cement mortar lining

Sewage

When temperature is high (e.g. more than 20°C) , flow velocity is extremely low (e.g. below 0.3 m/s) and flow
does not fill the pipe, sulfides in the anaerobic sewage will be reduced to hydrogen sulfide (H2S) and finally to
sulfuric acid

(H2S0O4) by bacteria which will damage the pipes and other facilities.

Special Lining

For aggressive fluid, special lining or other measures should be applied.

Epoxy coating

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

Fusion-bonded epoxy coating

Fusion-bonded epoxy coating has excellent acid and chemical resistances and adhesion to the pipe. Fusion-
bonded epoxy coating material is of solid powder and fuses and forms smooth and thick coating film when
applied to the pre-heated pipe. Fusion-bonded epoxy coating will have a thickness of 300 or 500 microns
depending on the type of aggressive fluid.Fusion-bonded epoxy coating contains

Polyurethane coating

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


Tata
Highlight


X DDRDAXIXIXIX] XDIMAKIX] X DEXDEDDEKIX]

IXDEXIXIXDA] DXDHKIX]
XX D DRI XDERDX] DX DRIDDERK] DDA (] DR DRI I (] DX DXDERX] DAXIHERE D] DIDXIDXIHE] XX (1 DK DAXDEKIX] I
DERIN] DR ) DX XD DD DI XXDIEID] DB XDX] DY DRI D] DD DX DIX]DERXDARKI DIXIDKI] DX (K XIXIXDERD K]
DI XD X (X D] DDA (X DXDERRE DI DD BXXI XIXD (D 1] DK DXDd DXXIXDKIR DR DDA
X DX (K DIXDXDEEBEIX] DK

Polyethylene sleeving method
polyethylene sleeve corrosion protection method in addition to the standard coating is recommended.
In this method the entire length of pipe is encased with 0.2 mm-thick polyethylene sleeves in the
trench after pipes are jointed.
9-2-4 Special coating

1) Polyethylene coating
Polyethylene coating is applied by continuous wrapping of the melted polyethylene sheet extruded
from extruder. The standard thickness of the polyethylene coating is 2 to 3 mm varying depends on
the pipe size. Spigot end is however free of polyethylene and is coated with epoxy paint to not hinder
the assembling of the joints. After pipes are jointed, the jointed portion is normally protected with heat
shrinkable sleeve or plastic tape wrapping. Polyethylene coating can be applied to pipes only.

2) Polyurethane coating
Polyurethane coating is applied by spray method. The standard thickness of polyurethane coating is
0.7 to 1 mm. Spigot end is however free of polyurethane coating and is coated with epoxy paint.

3) Tape wrapping
Pipe is wrapped spirally with PVC or polyethylene corrosion protective tape. Tape wrapping is
normally applied to pipes on site.
9-2-5 Coating for exposed piping
For the aboveground piping, zinc primer with finish coating
However, pipelines installed inside or immediately outside of water treatment facilities
and pumping stations may be coated with paints in distinguished color. In such case,
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Pipeline Drawings
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The following pipeline conditions are werified in accordance with the design

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

Check the fotal pressure of statc pressure and waber harmmer,

Vuaher hamrmer 3.5 bar

{3} Earth cower

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

2) When ppes are Bd in lkoalons other than pubbe noads,
enviionmental condibions around the ste, e planned
propects, el shoukd be considersd.

3) Congiderton should be given 1o the bured olecs

4} In cokd regons, ppe shoud be buried ai a level desper than
tve freezing depth

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

Earth cower: 1.2 m

{4} Sol investigation
Invastinate tha soil for the safa snd sconomical piping design.

Sandy soil with low
COMDSIVENSES

(B Tralhes ksad
Trafhic ke dus 16 fnacks o railroad shoukd be considansd

Cimidtanenis passage of
bty 200 kM Irucks

{6} Pipeine nouts
Ciordim the: route and postion of plpeing refemng o suvey maps
{pkan and sedion)

Im accordance wilh
Fig. 10-2 and 10-3
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Calculation chart for pipe arrangement Tahle 10-6
DMN200mm Pipeline o Fig. 10-41
3.76 0.10 0.30 et f; ags a5®
Starting point Sx11=650 PR, Sx4=20.0 ¥ ek w5 o poc
040 O.14 1.34 opar 1.00 037 230 037
037 0.ar 0.ar
Slope distance (m) 20.00 20.00 18.86 1.14 20.01 6.50 1.74 2.94 1.74
Horizontal distance (m) 20.00 20.00 18.86 1.14 20.00 6.50 1.23 2.94 1.23
g;f:m”“““m?.; pipe| 1.01 o.21
Station MNo.0 + 0.00{ Mo.1 + 0.00] No.2 + 0.00|Mo.2 + 18.86( No_3 + 0.00 | Mo.4 + 0.00| No.4 + 6.50 Mo.4+ 11.90
Werti- - -
cality A 0.962 0.962° 0.962° 0.962° 0.602° —0.516° —as o
Deflec- | aaity B 0.962° 0.962° 0.962° 0.602° | —0.516° | —45° o as°
tion -
Horizon-
angle tality —_ _ — — — —_— — —
Composi- — — —_ 0.360° 1.118° 44.484° —
Bends usad — — — —_ — 45= a45= 45
Other fittings t}H‘;m nn“;o- Aanged
O e waiee D500
Pipe (number) 11 4 1
Cut pipe (B) 3.76 (B) 1.34 (B) 1.00 (B) 220 (B) 1.00
Gradient | - i =0.0168 i=0.0105 | i=0.0090 i=1.0 Level i=1.0
Fig. 10-42
N 5x9-450 232 s0avus  5xe-300 2%  Ending point
1.00 047 4.0 0.175 D245 Oupa YT
0.37 0.0
‘Slope distance (m) B.10 20.02 20.03 500 15.00 20.01 B ]
Horizontal distance (m) B8.10 20.00 20.00 5.00 15.00 20.01
otovation (o pipe —0.18 —2.03 0.73
Station Mo.4 + 11.90| Mo.5 + 0.00] No.6 + 0.00| No.7 + 0.00 IP-1 Mo.8 + 0.00|No.8 + 0.00
:;ﬂ-t; A 45° —0.516° | —2.908 | —2.908° | 1.048° 1.048°
uﬂﬂi_ ] o (=] T o (=] (=] o
Deflec- |cality s | —0-516 — 2.908 — 2.908 1.048 1.048 1.048
thom : T
Horizon-
angla WH!" _ LT _ —_— 14 022 — -
Compos-l  45.516° 2. 3g2° — 3.956° 14.020° —
Bends used a45° — — — 11-1/4° —
Crthar fittings: Bir walwe on 25 Lewved invert 1ee
doubis Nanged N2 = (DeBD
plpe fanged bea
D200 DN
Pipe (number) 2 B) () & (A) (A
Cut pipe | (B) 4.0 2.32 1.00 2.50 2_47
Gradient i i =0.009 i = 0.0508 i=0.0183 [

Mote: Cut pipe{A) refers to socket and spigot cut pipe. Cut pipe (B) refers to double spigot cut pipe.
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Fig. 12-20

N4

S—
R
¢ —=
W
Offset S
S =Lsing

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

Radius of curve: R

L

" 2tan(g/2)

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

(1) Procedure of pipe jointing in deflection
(2) Make the trench wider appropriate for the amount
of deflection.
3) Assemble the joint in a straight line, then deflect
the joint up to the allowable angle
4) In case of push-on joint, whole two white lines on
the spigot should not be visible all around the pipe
body after deflected.
il Ay aial Gedia g gl (30111 (),
A9l ) ) Juadal) Jagats a8 of ¢ adifina bod 3 Juadal) aieaty A8
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Flow chart of field hydrostatic Test

Fig. 13-1

Beginning of test

Decide on test section & test pressure

Perform protective work at each end
of test section

Beagin werification work on test section

Install equipment required to fill pipeline

Pearformm repair work

Fill pipeline with water

Drain pipaline

Install eguipment required for pressure test

Survey to locate defects

Perform pressure test on pipeline

Drain pipeline

Remowve test apparatus and protective
wrork from ends of test section

: Connect test section to adjacent pipeline ’
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Example of thrust protection in valve chamber Fig. 13-3
PR ‘ﬁET SRR TTEATRN
o ‘l ta i S i PR F N -. -. I-.
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.| Steel beam -0
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( B . N 0

Steel plate

Flanged socket Valve

Testing section

Example of thrust protection

Fig. 134

Sand bags

Blank flange

Sand bags

Blank flange  Steel beams

Concrete block

e .
ST

/ Steel beams

Flanged spigot

Y-

Flanged socket

Concrete block

- D] Top view

Thrust protection for the ends of test section
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Example of thrust protection Fig. 13-5
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Exampla of connaction at valve chamber Ap. 137

- S

/ / C_onnpction to adjacent
_ pipeline
/‘f #{:’;m After the adjacent
Fange it i pipeline has been tested,
A o the test section should be

connected to it. Examples

— 7 = | Of the connection are
1 ) / shown below.
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Deflection of joint Fig. 14-3

/N

& =Lsinf

Where, & : Amount of deflection
L : Length of pipe
8 : Deflection angle of joint (See Table 12-3)
Mote. As for Amount of deflection & and deflection angle 8 of the joints, see Table 12-4 and 12-5.

Adaptability of flexible joint to pipe settlement Fig. 14-4

E

-

5 - L{ztanﬂ+2tan23+ztan33+---+2tan%9+tan%3}

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

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

Example of adaptable pipeline settlement (6m long pipe, 90m long pipeling) Table 141

Joint deflection angle 8 (degree) 05 10 15 20
Maximum seftiement & (m) 0.84 1.68 252 336

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

Uneven settlement
Settlement differences of pipeline will occur;

1) ) in areas that have a variety of thickness in lower
consolidation strat

2) ) at the boundary of structures which do not
subside and soft ground, a

3) ) where solid ground changes to soft groun

In case of uneven settlement, it is first necessary to
estimate the settlement differences. It is especially
important to make calculations based on data
obtained through soil studies as mentioned earlier.
Countermeasures should be implemented as follows
according to the results of the calculations.

(1) Small uneven settlement
There is no need to give particular consideration if
final uneven settlement is able to be absorbed by
the pipe joints only. Pipes should be jointed within
a half of the allowable deflection angle. If there is a
possibility that even settlement is greater than
assumed values because of uncertain factors such
as inadequate boring data, application of collars
might be examined as a countermeasure.

(2) Large uneven settlement
If uneven settlement cannot be absorbed by the
pipe joints only, examination for next
countermeasures should be carried out to
determine whether it can be absorbed by collars or
not. Collars have twice the allowable deflection
angle of mechanical joint and also a large amount
of expansion (See Table 14-3). Generally a number
of collars should be configured in the design.



MWM@M@ MM@ me Then it is required that the joint is capable of preventing slip-

TS-ype joint ) out and allowing an angular deflection, self-anchoring flexible
Fig. 146 TS-type joint can be employed. TS-type joint allows an
expansion until it is locked when pipeline is settled, and can
withstand the slip-out force within its allowable maximum
[-.,--ﬁr_fsamlt restrained force. Therefore the joint must be selected so that
the amount of estimated settlement of the ground to be less
than the amount of estimated settlement of the pipeline.
Pipes with TS type joint are available ranging from DN400 to
DN1600. The allowable angular deflection and maximum
pressure under deflected condition are given in Table 14-4.
TS type joint can be used as a conventional flexible push-on
—— ’ joint if lock-ring is not set and spigot pipe with no groove for
: TS type joint is not used.
Note. When expansion joints are employed in a ductile iron
Lock fing pipeline, a well-balanced design should be executed giving full
consideration to the characteristics of the expansion joints
and those of ductile iron pipe joints, i.e., rigidity of bending
and expansion-contraction, slip-out prevention capability, and

~Rubber gasket

Table 14-4 So on.

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

under deflected condition (MPa) £ (e Juada aladind (Sarg ¢ 5915 TS Jealall oy il 513
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1200 {200 13 £ 53l (o Juaial 508 (g Jad el aladiad) oy alg TS,
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UD-type acking ducit ron pipe (ONT00 o DN2600) Fig 154

Relnforced concrete Rib

Coment morarling ~~ Flénge

T0-ype facking ducie Iron pipe (ON3OO to DN600) iy 152

Reinforced concrete

o IFIangE

Cament mortar Iining

15-1-2 Jacking method

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

15-1-1 Jacking ductile iron pipe
Body portion of jacking ductile iron pipe is sheathed with reinforced
concrete to make the whole outside diameter uniform along the pipe axis.
Jacking force is transferred to the socket face through the puddle flange
welded on the spigot of the connected pipe. There are two types of joint
for jacking ductile iron pipe. They are push-on type (TD type joint) for
DN300 to DN1600 and mechanical type (UD type joint) for DN700 to
DN2600. Basically jacking ductile iron pipes are manufactured in
accordance with Japanese standard (JIS). The nominal pipe outside
diameter by Japanese standard is slightly different from that by ISO
standard, therefore change collars or change spigots shall be used to
connect pipes of these standards. (Refer to Chapter 12) However DN700
to DN1600 jacking ductile iron pipe with push-on joint may be supplied
with ISO standard pipe.
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Piping under Special Conditions

General arrangement of
pipe jacking equipment
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Insertion of Tee into Existing Pipeline
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