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ABSTRACT

This special project is the mean research of the detailed construction by pipe
jacking and immersed tunnel method. In the concept of construction by using the pipe
Jjacking method that leads to the drilling head and other tools that are needed for pipe
jacking that include the example of pipe jacking. Other than this is the example of
construction on pipe jacking in Thailand and other countries for someone that
interested in pipe jacking to study on.

And for the immersed tunnel, we will tell you about the main method that use
for construction and it consist of the method of constructing the tunnel’s fragment, the
transport of the fragment, the sinking of the tunnel’s fragment and the method of
burying the tunnel. Other than that, there is the example of designing the underground
sea/water tunnel for someone that interested.

From the study of the method of constructing the pipe jacking, we can apply it
to many things for example the pipe that transport water or the electric wire and etc.
And for the constructing immersed tunnel method, based from the research we found
that there are many unique characteristic when comparing to the underground tunnel.
If there are the continuetion supports for this research, we might apply to use the
incoming technology inside our country.
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2.5 Mvtalnsamsaunafing

Yuhnlszmalnennmanudeya

4 v y yarayan :
¥olnsams VLIVAVBIN UM UM IAUTID (LALTLERRY 3ezPuAYBIND
1n)
Tassmsthiasidowand e DANULILLALNBA T IIHAUTIOND 1845 1A Hiie 22 Ue Ny 48,700,000 | YA 300 mm. = 1,555 m.
YUIA 400 mm. = 290 m.
Tasamstiniaride nnuaaed 4 DANUULIZADES 1UAUTIEND 11841 was Hie 90Ue | anu 744,863,296 | ¥11@ 300 mm. = 1,569 m.
VUIA 400 mm. = 1,240 m
WUIA 500 mm. = 653 m.
YU1A 600 mm. = 1,012 m.
YUIA 900 mm. =721 m
YA 1000 mm, = 3,662 m.
YUIA 1200 mm. = 1,573 m.
YU1A 1500 mm. =481 m.
Y1418 2000 mm, = 930 m.
2ONIVUALNBAT NNIUAUYBYT2 2711 AT T1io 35 1iB Ny 75,991,523 | ¥U1A 400 mm. = 436 m.

o w o y o A
Tnssmatniatdude nnu.g29h 4 Tauhn 2

UMM 900 mm. =711 m

YU 2000 mm. = 1,226 m.

—_

15



yamdeyan

olnrans VOUYAVBINTUNUM IAUNS ivesnu ’ TezdunveIne
(U )

Tasemssamsthiariud s.amstsims | eenuuutazAeaiIsuAuNen 21546 was Yo 15510 | nsumduRuuaiy | 883,625,558 YUIA 300 mm. = 3,709 m

Suiemilodani 24 Y119 500 mm. = 4,261 m
YU1M 600 mm, = 1,534 m
Y119 800 mm. = 1,721 m
Y111A 1000 mm. = 3,662 m
Y19 1200 mm. = 1,573 m.
YUIA 1500 mm. = 3,277 m.

Tassmssamathiiatinge 2. aynIdsms auRsadamnAY 10009 (i3 fie 110 ve NIUAIUAUNANY | 235,228,299 UYUIA 300 mm. = 1,916 m. |

drufemilodud 25 YUIA 450 mm. = 2,190 m. }
WA 500 mm. = 1474 m
YU1A 600 mm. = 238 m.
Y141A 800 mm. = 108 m.
VYUIA 2000 mm, = 4,083 m

Tnsamsviodaindo avy 9297 saud 2 JanmenounIa 877 2321 AT Ny 24,500,000 | 4179 1,500 mm. = 2,321 m.
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Folnsams VOVAUAVBINUAIUM IAUTID 191999914 ¥ NePaAVBINe
um)

Tassmsshiiainde avnugaeit 1 9BANULINAZABE S 19UAUYIBED 1961 A 1D 18210 | ANY 273,587,287 | U119 300 mm. = 184 m.
Y119 600 mm. = 1,167 m.
FUIRA 800 mm. =4 m
¥UIA 1000 mm. =20 m.
YU 1200 mm. = 586 m.

Tasemsthisiaiiide a3 POAULLLAZABT 199 TUAUYIBNTD 64922 (RS N1iD 53510 | NNy 4,533,633,000 | Y119 300 mm. = 11,736 m

T1€€8

YU 400 mm. = 10,569 m
Y419 500 mm. = 3,572 m.,
YUIA 600 mm. = 6,508 m.

Y19 900 mm. = 8,169 m.

M3LUBLOLOUINGDALM BLOUBTIGRUNILE

YUIP 1000 mm. = 2,170 m.
YUIA 1500 mm. = 7,237 m.
YUIA 1750 mm. = 2,385 m,
YHIA 2000 mm. = 6,060 m.

YU 2300 mm, = 6,516 m.
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yamdayan

Folnsams VOULVAVDINUMUM IAUND ID1v03NY TBLIDEAYDINID
(VM)
vanazvedssmeaniiiuianentios ONUUULAZADAS N UA U 1855 1A H1D 24 1o M3 vhunsvas 189,200,000 | YUIA 1500 mm. = 1855 m.
venasneievaoanriiunansdl pENIULLASABEIINUAUYIDN 872 tins e 18 U s Ilthuasvas 39,900,000 | Yu1A 1500 mm. = 872 m.
msilszih
viodainlszal fanunzAsa oY 346 LIRS UATHAN 69,000,000 | Y11@ 2000 mm. = 346 m.
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Uni 3

v o = a o &
Yo szuvuduaesny uazgunsamduih

FIMSUMTAUND

J o
3.1 a1l
[ ) oY act LY ] . . . 9 [}
msneadngluendleItmsdune (Pipe jacking) szlduiuselumis
ar A’ ¥ 1 P o 1 cdea ’ 4
fusudnvesie e ldyadiugluedhludr  nsduvenlivinadurgudna
: ] a a J a : o . q a ’ a
dae 150 dHaawasduly l¥szuvAadsiamie  (Shield) TasldnSoeduvelelasan
(Hydraulic jacking) e1n¥esueAu (Jacking pit) lesmsaunessauasiiiosnull
arsaunislusrusnqiivunadurmguinaninagnit 900 Hadwes.  wliawdliu
Aw [ ) q’ ] [ 4’1 9 o \ 4':1 Y 8 o d’ ‘::
Sudnvemehiaeiuisesq TasauwnsalFlafunehiliniharnauuaznihdadvaey
o v -1 H 1 o 1
lunudueninadnTasiinuldannsad ldmauludeld  «145Tum
1] L4
nouTwsmda i lduavames lumnihiirmauasasdme liwdouru el
= ) 1 4
INAtAMIH1529990
wn Tu TagadsImigninnldedisnhevhaneldmsduviovuialnguaz
-3 o [ a daqe v ar ] a o a ~
ywaRnaunsai laduanwaunlianyazuand iy (Bu n3waud AR Aumiion
a < a e o \ 1 o a 1] L)
Tnau vazriuudy  Tasszdosfidawudnnisetiansenia  aauguiemsegisuLus
1 4
uaziifetmuasiidida  lumsdszgndldnuvieszinainsdediuuaiiame  anwdn
£ ¥ VA a o am ¥ a
FaegaruquannanidienSeuieuduismsdlaniauy
Y] f o - L4 =y LY Ai 4‘ ar b4
msaunedniuzdedinmsyatsduionuniasing Jaseonuuu i
.4 o A [ ] L) =4 1 k%4 L] 4
munziumshiau FdeshineldinaniuadonioasInsiainuesdtioiues asyaee
AUVDINTSAUNBITISUINNS 1A TaemstTenuuasinoausensIniieie MinanIwau
y [V P =] 1 @ v .
uananui ez 1dnezuanA1enud e 1wu Backacter 3o Cutter boom 138 Rotating
| 4 ) )
cutter head Aenmiuumsillaing odudssausenlaslfzuusenuoazwiuun
3 g ar o a '4 a a8 = v
UdounTesdns syuuggymmAgnAdvsAueenviIng luen lnsdludumar  diedulun

nquiusz1dianizuuy Rotating cutter head uazldmaiindrdosdumaslaglganudy
(Earth pressure balance)
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3.45 Screw conveyors
adqy 3 ' @ 1 o 3 a J o nddy =t
FHagldouswduvemanvas  denldluaugluedvinadn il
Y o o A Loy a Ao a o < =
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AufesSIIUMINUAZIZIZN Y wahdgmiumdsilfiduaimgldldesmadn
domelaomsuanina
4 T 0
szuuilididgegnminiuquiluasvesTagidh llde lildtivuelng
a 9 a = A a 3
wull Tagazdesinsananuisamuimuiy
le: 9 s o 4' 9/ [ =\ d’ 9/ P
T Etuiunenlfusduauqa Taseziimamdoudisduann

b4 ar

ar A 9 = A A Né s o ad
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vinavesilszqilaila

3.4.6 Vacuum extraction

o A LY ¥ a |9 A o a o
Lﬂuﬂ'liﬁ'llﬁﬂ\‘iTﬂﬂﬂ'liﬁﬂﬂ')'lllﬂuimﬂmﬂﬂﬂﬂUf’{ﬂlﬂ!'lﬂ'lﬁ!WE]a'lLaﬂﬂﬂuﬂaﬂ
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3.6 NMIPBAULVANNSUNITAUND

3.6.1 m3senuuuusani¥lunisaune (Jacking loads)

| 4 [ 4
lumsssnuuuMIAUNBNIUABUNANI AN

[] } 4 » v
1. ﬁmmwaﬂixnuﬁmwﬁurﬁmmﬂﬂamsﬁuummmmmmmm

(Effective vertical stress) lag

Effective vertical stress = Total Vertical Stress - Water pressure

2. fAnnaanuRULLIUBUMNILNUYBIYD (Total horizontal stress) Tag

Total horizontal stress = Effective horizontal stress + Water pressure

3. MwINusIRNUs nadunthessiune Tae

usadun e = (Frictional resistance x length of head machine) + Total Face Pressure

4. fusuIRUMNIaNInUs ufoanuvoane (Friction force)

Y q’: <& yﬂ o A9 @ ]
5. 5ﬁﬁtliﬂﬂuﬂﬁﬁﬁﬂﬂ%$191 ummumaﬂi’ﬂumiﬂum

v
UIIAUNIMLR = ussaunthiuez + (Total friction force x Length of pipe lines)

6. vnl¥msnaeauszamnsoasusssundosldidlszanm 30-50%
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fseheenuuunsdulumMsAUNe

¥ g ¥

nindayanldun

9/ 1 L4 t Y o

Wurigudnaaneluvesvie (d) ALY 1600 Wl

durgudnaramouenyeee (Dp) iy 1800  W.

ANUHUIND (1) N 100 Wi

ANUANNBIND ALY 4700 L.
'4 2 t

ANuAngUENaNYio iy 3900 .

ANVLTUIUIND WAL 6800 W

b4
szauiiriaau RRGDT 2000 3.

Y

) d' 9 -3 y d’
ussaunlFansodmauld Al
AIAIUIN
auud  uaunsaa waunsie SPT N dszunm 25

o :’ Y IS = o dy =
Zﬂﬂuﬂﬂﬂu uanuan 2.00 WA INNITAUNUAN

b 4
miehmiingu (Ys) =195 T/m’

b d
ussAwi lunuanune (Water pressure at axis of pipe)

= (Yw) x ( szdminnilonnuangudnatave )
- 1.0 x (39-20) = 19T/m’

13 E 4 v
ANUAULUIAMInuATununie (Total Vertical Stress at axis of pipe )

v = (Y x (Anudnquinaiavio)

= 195x 39 = 7.60 T/m’
Effective vertical stress at axis of pipe
v 14 v ¥
v = ANMAUIUIAMIRUANUAUTD — u53auTh Tunuunue

= 76190 =57T/m’
vnmsauyAiududunsia waumsw SPT N dszanm 25 9214 Friction angle of
soil (@) = 33

Aty Ko = 1-sin@ = 0.455
Effective horizontal stress at axis of pipe
h = (Ko ) x( 8v')

0.455x 5.7 = 2.60 T/m*
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Total horizontal stress at axis
1 4
3h = Effective horizontal stress at axis of pipe + Anuaui luuupune

= 2.60+1.90 = 4.50 T/m>

Face Pressure
S m5usiuvie Face Pressure A259eimiivy Total horizontal stress Aailu 5.00 Ton

[ 4
Y

AU Total Face Force = 8xA
= 5x [1[/4x(1.80)2 ]
= 12.72 Tons fAalszuia 13.0 Tons
Frictional resistance F =(1D)x [(dv' + oh") tan ©'}/2
MY O'= 0870 =0.87x33 =287
F = 12.8 Ton/m

UIIAUNADINSIIBINING UAUYANZUTTUIN 2 AU HASANUIIVOIR AN 3 (U7

4
FTUUSIAUNTIT UL = (12.8x3.0)+13.0+2.0= 534 Tons

Pipe Friction

For Fully Lubricate Pipe Uplift Force 1.0x[ Y4 x (1.80)2 ]

il

= 2.54 Ton/m
b 4 1 4 1 b 4
wimiinvie ( Pipe Weight) = Hunnihda x miaimiinaeunsawGuman
= 91.82~1.6%/4x2.4 =05 Ton/m

2.54-0.5 Ton/m

usagns (Net force )

= 2.04 Ton/m
Friction force = 2.05tan @ Q' = 0870 =0.87x33 =28.7
Friction force = 1.12 Ton/m
AausIENUHDN 20 nlesua
4
UTIAUTIUNINUA =12x1.12 = 134 Ton/m
v
ANUYNVDINDNIHUA = 68.0 m.

4 .
usanutanuanael¥lunisdune 53.4+(134x68.0)

144.52 Tons Amlszina 150.0 Tons
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300 -
Total line Load + Shield ~~—————p." -
. f End of pipeline

Line Load 200
Thrust Wall Pressure
To .
(Ton) 4o -~
20 Shield Pressure
0 10 20 30 40 50 60 70 80
Distance Metres
d' ¥4 1 ¥4 ‘i' 4‘ ¥ LY
FUn N 3.15 wanediedassufionasiiesainlimeaauseiu
7] T o ¥ 7]
AvNNIMIAMUIUNDANNLTIAU
| 4
auyA  MLANUEIBALLY 80 WA InaanIvuade 260 au  laely
NOAAUSIAUTINIY 2 @ unzvia Inaagnsna 146 Au
1st Interjack Entered | rw.d1 |
Line Force 84 + Sheild 20 = 104
INT. Foree 84 + 20 = 104
1st Interjack Operated fw.e 1 |
Total Line Forces 126 + Sheild 20 = 146
‘ INT. Force 84 + 20 = 104
2nd Interjack Entered |, w.d4 1 1 . |
Total Line Forces 162 + Sheild 20 = 182
. INT. Force = 78 INT. Force 84 + 20 = 104
2nd Interjack Operated frw.s IT 1 ||
Total Line Forces 216 + Sheild 20 = 236

qila i 3.16 saaamsesnuuuvBaAsIAY
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=1 ] ar [] 4' s o a v

s usssunendodlfuendly  usuFsamuvosdRniouazis 190
Y 9 W [ @ 1 P ° 9 =1 a 1 & - P oe
Munihnaee minlusivsiusiareni ivusudsamunnrineinniusesq vinnall
b 4 b 4 1]
yananagn iifausafvamunsaligs  o1wgand Passive force astiudainy

¥ r X Qs (-] r A
noaauTIAUlusEeE 40 A ieaausaumldnnrusduanaqn FITIV09
NBAAUSIAULARZAT  THOWAUSUTLANIUIANS 84 AU LATHUIMAAIZEA 20 du
Y o [ o () =1 [ = { o
sty 104 du Flduduseiteldusstisoas wnesoelspaudadunaaomwsiznisiii
noaaussauunasulumsaunei iy ey Passive force ¥09MDaALSIAY INT 12329

{santusinAvienogAundvensaausiiushmifiiiu Passive force
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o 1 . : v v ' kg . =1 v &
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¥
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1. Conventional shield

2. Compressed air shield

3. Auger-type shield

4, Pressured chamber shield
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1. Water pressure balance shield
2. Bentonite slurry shield
3. Earth pressure balance shield

4.3.4.1 Water pressure balance shield
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4.3.4.2 Bentonite slurry shield
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vionounsa (Concrete pipe)

- viensunsAsUMAN (Reinforced concrete pipe)

- vionounsa lulaSuman (unreinforced concrete pipe)
- MBABUNIANAY (composite concrete pipe)

- vonounialndwes (polymer concrete pipe)
vienounsaasudulonaradn (Glass reinforced plastic pipe)
noswuananleny (Asbestos fibre cement pipe)

noau (clay pipe)

viewaa@n (Plastic pipe)

vieTanz'lesou (Ductile iron pipe)

veman (Steel Pipe)
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M1314911 5.1 uaasm Allowable jacking force &1ﬂ%’u41uqiuaﬁmu1nnﬁn

HAZNIAUNS
Nomnal ID (mm) oD Effective area | Allowable jacking
(mm) (m) force-tones
Microtunnelling diameters
250 360 0364 47.3
300 414 0451 58.6
400 526 0675 87.8
500 640 0958 124.6
600 712 1021 132.7
700 832 .1433 186.81
800 942 1766 229.6
Pipejacking diameters
900 1062 2297 298.6
1000 1182 2897 376.6
1100 1292 3365 437.5
1200 1412 4084 530.9
1350 1576 4800 624.0
1500 1756 6107 723.9

Huame fwes Jacking force lumsnenaziimiganna Allowable
484 German guidelines 891 1iBannvIdjummualinufu (Stress) vasnounin

Faumey 13 N/mm? annnwssiiunidua 11 N/mm?
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uazﬂﬁzmﬁéuqaéma}u amwesuau vwldinasigne BS 5911 dewn European
Community (EC) uag European Free Trade Association (EFTA) lalimsasu@saudu
ﬁ%xﬁ%’nmmgmﬂﬁumtﬁa‘li’f"luﬂszmﬁﬁagﬂumd’ﬁ TaemasgniisamionTan
Commite European de Normalisation (CEN) dm{uviensunsaneziinnlaluns
fune w83 CEN Techinacal Committee 165 laglaiimsaiuwanasgiuatiuseesn
nudrfieiuuiivziae'l

Glm_li::mﬁi'ljﬂu The Japanese Sewage Agency aamuneaiiifau
mwizveediniumssuviois JSWAS-A2 ed1elsfmuluansssnsmés litinasgu

dwmiuneitlFlunmsdunedmualiluinasgu ASTM
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5.1.1.2 visAdun3A lMa3uman (anreinforced concrete pipe)
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5.1.4 N8AY (clay pipe)

deausiunlddmivonui lisusaiwnissdnsdh ol Faesd
asldinnluouglndddiuuedn Taodsumaanszensmifulszmaiiiunld
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MINN 52 uaasvnaveninAauasusalasasenlyay  (Safe jacking load)

YBaNoAY
DN (mm) 0.D. (mm) Wall Jacking Load
thickness

TYPE 1
150 207 28 131

TYPE 2
200 276 38 212
250 355 52 529
300 406 52 624
400 556 78 1315
500 658 78 1571

TYPE 3
600 760 80 1609
700 862 80 1675
800 970 85 1982
1000 1178 88 2070
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5.2.5 Composite pipe
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