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Abstract

At present, increoses of oil price resulted

in increose in energy cost ond consequently

offect the monufocturing cost. As <r result.

monufocturers ore more concerned with en-

ergy conservotion. A compony deoling with

tunnel work for subwoy tronsportotion spends

o lorge proport ion of  operot ing cost  on

energv. This is due to friction when they hr:ve

to jcck o pipe through soil. Plpe jocking force

is o direct proportion to the friction. Thei'efore,

i-eciuction of the friction wii l result in less fcrce

needed to jock the p ipe,  Conseqt :en1ly i i  wi

recjuce the energy used in the process. l i-t this

s.fudy, ocrylomind polymer mixing wiih 'r.rcter

wcs used os o iubrico.ior 1o i 'educe lhe soii

skin friction, 
-fhe 

resL;lt shows thot soil ft ictiorr

reduce f rom 0,50 ton/m2 to 0, I  toni  m2 ond

loiol cost of electricol power ccn be s<rvecj

up to lB,5 MWh/month
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fi nit.lrvurnr 80- t oo kPq. n?:fi 1i'Lfi ufi urir fi'Bt
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fl O.114? tQl ;11 LlJ LUnl? Flfl 14'lU

Total Face Pressure Load = 100 kPa. x(7r l4l  x 3.062 m2

EPB. Dia.3060 mm = 735.41 kN.

= 74.96 Ton
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2.1.2 ttt. l luo.1s1nu'l]1un10.1ilonount0l

v -
LU{UAU

f  =  1 . 2 5 W t a n 6  l z t t

6 = Frict ion Coeff icient

(Angle of Frict ion Between The Pipe)

25Vo = Minor misal ignment

W = Weight of the pipe
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F = Jacking Force - Active Earth Pressure (2.8)
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Lrai 3 rvi'IiL 92.524, 417.487 LtAl 212.596 m

1 n fl lfi 6'n:rd rutra :J ttlulnluvi oo xg tio ileilrru

u1 lm"

,'rrrod 6 trettdann-tutynittatitiaffuiudu
n e ffldm utnlui tfl u an u d ad u

3.3 u?{tAfl ornrufi rfi erdu'luqruv fi'uvio
naun6 qrlfi rnd oufi nefilfi a s n?arlu rivrafi -
rilofrflu61?r,rdodu

t:ElYvll{1un1e6'uvio nraun6nrir.rfi t, z

ra; 3 rvirfiL 92.524, 417.487 ti,AJ 212,596 m

tneflfiomtrtirutlduo: nealhrdrnrafi ruoi 0.06, 0. I 2

ra: 0.18 rg rioileurrutl. 0..t m' nrldrfill

,'nrod 7 urutd et antuntffldas aia'tlu dnod -

woitfluatrr'l,siodu

I:.: 6uuur uiaar,rtvlaoar tndr

g -
auounlilYll,i9

a?,J71 1

(Ton/m21

YI z

(Ton/m21

rir.rd s
lTon/m2)

6uu,rfiuriiau 0.5672 0.7548 0.6085

6uurrilurilrunnr,r 0.6744 0.4400 0.4644

6uoru 0.6150 0.9452 0.9441

ttuat nlo',nu..'t

rir.rd t

lTon/m2;

rir.rfi z
(Ton/m2;

rir.rd s
(Ton/m2;

6urrfiureiau 0.2680 0.1500 0.1090

6uryrf,s?rJrunnr.! 0.1410 0.1 390 0.0875

6uoru 0.1740 0.1 350 0.1220
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s.a ue{fi lfi evu'i r r n r a n''uvi o fi fi I :-
!  t  t o  6  v  v  |  

3

r1lf l .1t]tu Lil lnu 0.5- nunl?Fluylo [tu?Flf,. i

3.4. I tt?.16.16or"lUUUrUnU (Axiol Force)
v l

rilunrroonulLLnlili lrn?g'ru BS 591 I

port I 20 6.: riluur nrrgru"[unmr.rfi nvjo nounin
a  I  e o  !

1junuaott14.i [utLu']n.i (Dry Type Verticol Cost)

lnBaruun rir nrrrr tfiuro.: nroun6orfiril tflutrar

zB iu srfiorIilfiofln'ir ooo-zoo rsc. mr"hl

a r r r en ir ux d s a nr"[u uur utn ua r r,r ir vi o n o un6 n
! !

v l

lUrntdUl . l tUdUt lnar tnrguon 3.000+40 mm
v

mtfrv as,szt,9-s0,782,5 Ton

3.4.2 tt?.r6.r6 nluuurtdti{rruhi rfi u o.s
s 1

o.tFI't

rilufrorir r,run'luarr nrr A'uvia nroun6n

LLa v?r rLfl 1l?r'ooa rmlaerulnrs nirurrutfi aoon tt:r1-r

vio nraun6 nhlar rrtnfr ur{d rfr nrs rn uurvio

nroun?nrfis.:nu'hirfiu 0,5 a{fir rriu lunerfl
v t o !

nr?FrurTo Floufl ?n rilauaLor-la:enr"lfi 6uriluururlfi I

(Curve Pipe jocking)

Permissible Jocking Lood

= oi {213t(R2- h',)* - (r',- n',)*l - n lfi n',"ott

(R-h) (180)

"or-t 
th1 I * ht (R'- htto - (r'- n')tol)

(r)

t r r t - n r '
(R) 180

(2.9)

ure.:aranluuurrflfl{rLuliltfru 0.s arrtr
! t

l d 9 l d

6 1 14?L il A n O Ufl ? rl I U',l n 16 U zu'l U 4UEi n a r.l n') fl ua n

s,ooo14o mm rvirfi]l l,ooo Ton

neri n > r Permissible Jocking Lood

<rj (ze(n1 n1* I - Ltf,_R'*"''131* n'11n'- nJ't
(R-h) (180) (R)

(2.1 0)

84 trtdr:trritrnt: v,t.(t. 2s47

o;
r-7 )
l /
t /
l /
v

?
I
I  h=R_z
I
I

___t

gild z flufruffitrnvianaunin"luuuetfistruu
7tilfiu o.s asl

gilii s qu B'luuuetfiEvrluleilfiu 0.s on+l

3.a.g fiauanltr{rurrutnfll{rv rfi a:Li6
a

oodtnftAgu (Auslrolion Method colculotion

design)

180 a max.0j
12 .11 )

(rc) Ej

a.t. Ec. Ep

a.t. Ep + tj. Ec.L

R . Z (2.131

Ej (2121



Wood Packer lnside Diameter

Wood Packer Outside Diameter

Wood Packer Area

I

R

Wood Packer Thickness

Wood Packer Width (tj)

Compressed Packer Width {a)

Pipe Wall Thickness (t)

Concrete Pipe lD

Concrete Pipe OD

Concrete Pipe Length (L)

Max.Stress at Pipe Joint (Oj)

Elastic Modulus of Conc. Pipe (Ec)

Reloading Sti f fness o{ Packing (Ep)

Deflect ion Angle at Pipe Joint (B)

Joint Elastici ty Coeff icient (Ej)

2,630 mm

2,993 mm

1,603,1  15  mm'?

1 , 3 1 5  m m

1,496.5  mm

1 8 . 1 5  m m

20 mm

1 2  m m

220 mm

2,600 mm

3,040 mm

2,430 mm

40 N/mm'z

40,000 N/mm'

150 N/mm2

0.5 Degrees

92.22 N/mm2

a1r1rd 8 LLrlgnEnnlffiqvfltiffi{uuuldeo Luu
n1n 1

Jacking Force 0 . 1 5

Degree

o.25

Degree

0.s0
Degree

KN 19,620 14,715 9,810

Ton 1,968 1,476 984

Tones 2,000 1,500 1.000

< 6 r v c v l 4

r?\o t ]Ju1J0 !a61 u?l loon ILL11o noun?n
o  v  I  c v

LUn 1 ? Ft U?1 A U U 1 t Fl.: rL A ; 0 O n ttL L tt?.1 4 { q n I 0.t
v o

14? r91yq ril.rFl

s.s fiaar:l eJ6ero.r u?{ rafl nytluFion''t?
lflfla{.:''tu

s.s.t i'udurufiar€iau (sofi croy)

nrrilfia ; n?nrlrL dnad ruaf riluaT rudodu
ttay?:€t;11't.16.idF] 500 m syl{y' lal.11u1un'l?

a 1
v t < r q " Y -
t lUylOnOUn?t l ty l ' l f l l l  838.8. l  Ton lu l luFl ' -

tl4UEl?OOU

g.s.z t'ufiuruf,etrilruna1{ (Medium

Cloy)

nefilfi a ; nrBa r1lr dnafr rl o 6rilua mr,r riaa'u
tta:?vu;1T'1.:6.1dFl 500 m sy1ty,{a{.11u"[un1?

! t
v t 4 l
FtU?loFtOUn?Ftryl lnL 584.95 Ton lurYu6u

ruflsrilrunar.r

3.5.3 lufluFt1u (Slitf Cloy)

nrril{o ; nr?arlrl 6noF uLaf tiluamr,rdofi u

tta vr: rJ ;11'].r6.16 Fl 500 m e :lfiyta-.i.11u1un1?
t 1

a  |  4  |  s  o  3 o
F]U?IAnoun?rltmlnlj 686.0'l Ton tufluFlutl'tu

4. uloasUciruwaluurulWrFr n a=rir
ncruolorrnrswduurulwrFl

4.1 ri'r 6'.r.rrufilfi ria ue.: rfi fl nvrrufi rfi n
&
flu

Kw = (38/2)LPM x (1/3.785)GPM x Ba(14.7/1.013)Psi.

1,714 x 0.9511

Pump efficiency x 95 o/o

a1r1nd s itfitrnuffiisia uN tf, enntud fi adu

U  ' q
n1fli.r"ll{ L}{Tt'r

KW.

9rut$uu?

dau

outlrug?

ilrunnr.: ouolu

ruulm'luri 40.9664 33.5030 53.1428

ovaSo r'lrrivro6ruoi 1 1 . 1 8 2 9 7.7984 9.1 458

o/o fl?1lJ!!91flO'l ' ! 27.29 0A 23.27 o/o 17.21 Yo

r i lunra rr.16eL rf i f lL{a:J aar nn1?A'uyio

?rErrrl'r.t 500 m 1rrfl1fi6'ruzua:Jto.loynea11:Jd

vrodruai 0.06, 0.r2 u6y 0,18 xg riaileurru;1

0. 
.| 

m3

4.2 y{6'{.r1ulv{fl rqiar;Elsyt1.: soo m

nrti l{o y nr?ar1:.rdnofr rlof rf luarr
r,ra'aduaur?na n n1?1fi ila-l Iru1v'lfl T 1uiu6u-
rrafi fl r €i o ua {1 fr rvi rril 2i . 44 Mw h.1urYu6 u rufi fl r
rlrunarrarlfirvirfi'r t8.st MWh, ria:1urYufiu
frunruarlfirvirri'L st.68 MWh.

T:.:Feruuru{au1,{:vlaoolrnfir 85



nllrnd t o ndttnulv,lf,ttdau

4.3 v'r6'{.r1ufitdesr,r'ir.:nreduviafi fi
d  v  l a  6  v  u  I

ll tJ tu g.l t:.Ju til tn u 0.5- nu fl 1? fi uvl o uu? n?.1

n 1?o o n rLL qlu.r 6ar a ei.rlv'i fil r ux q.r
-  

" - A  
o  d d  -  < '

s : Fto.l Lv1l,,luo Lti{ Ft L Fll1:JA1 n"tJU 0.3% {.i tylEl'_
1 .

lfi rvirn-rl:r rfi a{ rLuro.rvio nroun6n o. t s' fi nir

nr:1finfr'.:rulv'lflr1unrexfi tt ua: tz

4  '  d  -  . - o
ntex7i 11 LltnnunaLlulati - NuLuetnLuu 0.15

e  ! a  , !  'yrni.rlur [aouTla

I  on .

9l'Btuuu?

0Bu

6urufiur

drunnr': 0llto11{

oltYt0 Bu?91:.1 177.3727 242.4659 154.7329

urdl.rruu 0.15 
o

198.0125250.4659165.7329

nteNd t z nJai 6u 6actu unn sittn#wulv,lfltt
t6ou

nn".rlru'|ilflr/r6ou

MWh.

out141{u?

80u

9lutuuu?

rJrunarr ou9r'lu

0u110tl'u?q:n 1.7025 2.3274 't.4852

uilrf,u.truu o.1s 
o

1.9007 2.4041 't.5908

% nrrrLuonqit.t 1 1 .63 3.29 7.10

5. nsrWrUSsutfisuilsrxdscnru
t s  a  -

ornnlsl5o=Rsal I ucwoaluos

rfio ri luni'rrr neg'rulunr:rioair rqtu r 6

fi rai6ri'uvio noun6mlfi&ufr u'lo{n?{ tvtt\u1,1'tuFr?

lnernm6uluoulnn

no"wrulilrtrvr6ou

MWh,

9tut14uu?

aau

6unafior

ilrunnrr ou9l'tu

o/o R?'lilunnqi1.t 27.29 0/o 23.27 To 17.21 a/o

ruulnluri 29.49 24.12 38.26

A X d ^ a

0:fl:fl 't ttJo'\0n|il0: 8.05 5.61 6.58
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r d d d ; Y
5. I nfl v{ t:l?EJil tytfl u t[t.l [dfl nytluytdu

a d l

nut14ufl?oou

Skin Fri:{ion (Ton/m2)

;

I
I
I

I
l* ;;r*"..li
i 1 1
l-u{ouz I
l t i

l_, :li:'q i

I
i
I

a

I

I

!
l
l

s
.6

4.0

qnr{o:gn t = fiuruflfl.lejou ric{nrcrilflrr 92.5 m
qorfroqn z = fiuruflaoeiourixnrrrrutnx 417.4 m
qorfro:gn g = fiunlfiflociourixnrrrruilT) 2i2.9 m

5.2 n?T v{ril6aurfi fluua.rrfi ertilrufi#u
6urvrflaulruna''r.l

Skin Friction {Ton/mz)

8.0

4.0

2.0

0.0

qnrfloqn t

qnr{o:trn z

qnfro:gn o

6uruflflqilrunnr.r
sic.rFrc'li lerc 433.0
6uruflflrilrunnr.i
{1{ne1}Jf l1e 338.2

fiurufiflrilrunar.r
ric.lnorilflre 414.0



fiunlu
6. nflfrnssutJs:nrFl

f l  ofl aLv\r; 4sur?:ivr 6 nr rf i aulvr€J
fi rrfioil rlud .i'r ri'nr(rr,lrtu) fihlnrrruiua r
il r v a r n mrris r n.: r uri o a ix ql rL.: da r alvftX'r ur r

c  d .  -  3  a

6{ uase til.tFllr'rlrFlul taeJ ,,&

Skin Friaion (Ton/#)

6.0

4.0

itr z.o

0.0

qnr{oryn t = hurrru qie{nqtJfl1r 446.9 m

qor{oqn 2 = dunrru ri.r.inrr:Jflro 478.3 m

ror{orn 3 = hurrru ric{nqrilflrr 403.5 m
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