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Guidelines to success of the track doubling project (Jira-Khon Kaen railway junction)

by method of construction a railway underpass using Box Jacking
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Youury veshonease US v.n1391e S0 Qenaw) Aldwann
wadianseasmnsaensaln feiirurisasnvinndsuanlivig
soldn Fadulasanisusnlutszmalng (Pilot Project) fiiaue
nsUszgndtsmssuriersuninanlifuvionsaviiamae hlvsalw
anansodsihuseanudy 20 Alawnsdedaluslurasfuioassuin
wiaba (Box Underpass) 3sliifipssedumeunsasronadesvlli
yuusalweiu Wunisussudanan - andunu waz \Judselewiiu
NU9519301WN13g (Doubling Track) SN TR UU RN
Fyadadums Open Cut Method) lasfitunoumsndasims
Aeaswsaenvfiauiden 1L 78 WA UaZ /MUY
dwduduvieassvlawdoy  ludufunangSusenideaniie wse
AuauvoUIULNU [5] ESUBDNLUL/ MU @519 1Y Aun 2.7
m x 2.8 M. $1UU 3 LASBY, U 3.7 M X 8.65 M.
LAY TUIN 4.35 M x 8.9 M. $1UIU 2 1ATBe S WabusEUUANS
fnasanszuenlansednuilinviaugemnmun 100 fu $wau 8
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psedesuluLuInny AU wilsaunda (Thrust Wall). vilwanunse
muANfimIsiedeuil ves vieaeaviawmasy Wiluunde -
W laeuderimue lneusuugesnuuuszuulanseda uaz 35
Yalane Llomuaumsiadouiivesvisaenulamdenuuusveslnamy
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Abstract

Method of constructing a railway underpass using the Box
Jacking method. It is the main factor affecting the success of the
Jira-Khon Kaen double track railway construction project which
has been completed as intended. It is the first project in
Thailand to develop a railway underpass construction technique
using the Box Jacking method. which trains can pass at a speed

of 20 kilometers per hour while pushing through under a railway,

then no need to wait for a new track for bypass a trains. This
saves time / reduces costs and is beneficial for laying 80-pound
railroad tracks faster than the traditional plan that uses the
method of open-cut the embankment. The construction
management for 76 Box Jacking and work/calculating the jacking
force used for pushing the box underpasses. In the soil layer
of the northeastern region or KHON Kaen Loess Soil [5] For
designing/calculating and building drill heads, size 2.7 m x 2.8
m., 3 machines, size 3.7 m x 8.65 m., 2 machines, and size 4.35
m x 8.9 m., 2 machines. Including changing the fixing support of
8 Number of 100-ton double-acting hydraulic cylinders. Which is
taken from a Kawasaki tunnel boring machine (Earth pressure
balance) of the Blue Line Extension Project (Contract 2) that has
the end attached to the concrete floor (Thrust Bed) in an off-
center manner, is a type that pushes axially against the concrete
wall (Thrust Wall). Makes it possible to control the direction of
movement of the box underpass both vertically and
horizontally according to the requirements. By creating a
hydraulic system and method Box Jacking that can be controlled
Box Underpass direction remotely with a wireless control.
1. Al

e mseenviiaudsaiiiiuinluein dmsulasinisues
nssaluisussmalnearlineasamadodisalnuausimudie
yailn (Open Cut) vidumdlual vide shlassadnsdansnadndus
salliiu (Temporary Support Frame) Tnghifesadrimades Fuks
d03s wnzdwmsuuidaymyedaszninauuiumesalnlulasinig
adniineatremseeaifioslifui fsanansanuauldiaiesing
nureadehluldlaghifeseenuuuisiosinsfiay viedaridulvl
wuulangia (Special Equipment) wididulassnnsneaiisuunn
”ng"ﬁ'ﬁgamqq 23,430,000,000.00 a1u4UM (l;iﬁmnnﬁgam,ﬁm)
wazdlinuiunisasn (Box Underpass) #1088 78 uimaanuun
Wumesall 187 Alawes  vedlasanssalinisgyunisouudse-
vuuAu Seisvaznanioaiiaiies 36 o (19 n.w. 2559 — 18 AW,
2562) fagut 1 Suuetnedeiidonimadanisiuvieassuiianay
19635 Pipe Jacking snUszgndldlulasenisilliianinsnduvioasn
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yiinmdealneds Box Jacking Fdhusalszwadudlostaninives
Ussmeduie fnsadmsesnsolieinuasudnvasisiuumn
uadaldlavaunlismngiulassnisaunlng Fudufiinvesns
29NUULHIA1E Open Shield wiawdeudifisvuulansodausvay
Iwihelinfunssudld Wanmnsarugunsindeuiivesndinuny
fiemauuszeglnameslunpoulnsavinldas  iolddumsaen
il (Box Jackinglé 5 vuadie

TYPE (1) vu1@ 2.70 m x 2.80 m, 37U 23 Box

TYPE (2) 9119 4.60 m x 3.40 m, 91171 2 Box

TYPE (3) ¥u10 8.65 m x 3.70 m, 91u3u 20 Box

TYPE (4) 9119 8.65 m x 4.20 m, 91171 1 Box

TYPE (5) 2u1n 8.90 m x 4.35 m, 91U3u 32 Box
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2. Yinvasiztludsemdlng waz A5auvioasn
wWUUWALY (Box Jacking)

2.1 9124 Y Open Shield

SuldlulasesnsneadraieSesanalniiléiu ves nisliiuas
a3 1ne35 Pipe Jacking Tasan1susnidled w.a. 2537 quiad w.a.
2548 Tpefan155auAsenIneusen endeulne Andolwud $1in
(W) U U3EN Skanska Lundby Artibolag w84 Useineaiiay i
Srauted 6 Tasanns Adaiudiieizuuy Open Shield way
AAN1999UAT ITD & SKANSKA e dnvins¥ata1giuu Open Shield,
Thrust Jack ¥u1n 300 ton wanluUszmAlng Faguii 2 Liteisedn
aiulassmsthanglatitseunszsrfiaudnsamaddiu il
191 Box Jacking Tassmissaluimsgyumsauudss-veuuny ly
Fuvieasnuiining suldoonuuuszuudaiiusadugs (Multi-stage
high pressure pump) iUtz oanusudonnIure iy
SnwauziRe1iURIRIZIUU Open Shield v84 AaN15920A

5U#l 2 %1912 Open Shield (ITD-MAKE)
22 WA9IZUUY EPB Shield (Earth Pressure Balance)

Guldlulassnsneatsviedosmelitlify ves mslwiuas
vaslayds Pipe Jacking Lilow.a. 2548 auflstlagiu dwdumsdusie
fifisvogmsluustas Span wInndn 100 - 500 m. [1]  TesfosdmEn
ANZAINANUTENA LU HLA12 Herrenknecht vaUssmea sl
uaz sz lseki Slurry Machine :nUssmadiu Seliwmansiioy
a¥eanzuuy EPB faguil 3 ilethindunisaeamdsuiiiivases
AMULINES 12 — 15 m

AR T
PR

gﬂﬁ 3 Wag EPB : Herrenknecht

2.3 992 Box Jacking (CK- MAKE)

H-Beam 200x200
DB-25Coupler @ 500 mm.
— P

4325

-8 LR
2| MDF 20mm, -~/ =

Than
¥

~ H-Beam 300x300"
/
/

H-peam 200x200
[

30mm

|
- /H-Beam 3004300,

£ DETAIL

50

3

TYP
FRONT SHIELD
U7 4 Front Shield (Box Jacking Type 3)
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\Wunseenuuuiiens Box Jacking uieldlulassnssalinisg
guynauudsz-veunny - Wannsafuiosenulamdsuld  Tae
aammuszwaﬂﬁ%mﬁuqd (Multi-stage high pressure pump) i
sumishineifieanusadeamiuvesiudnuusifientu Fiazuuy
Open Shield [6] w81 Iassnsneasrsviesesanglwinlanu (n1siwil
uasvany) faguil 4

24 AITAILI IR TUIUTAAN TUINN 1SR UYIOR AU UUBEEY
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C Shield Box Jackine
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JU7 5 Resistance of Friction between Box Underpass
& Front Shield and Soil

F1 = Resistance of friction between Shield body skin and soil
F2 = Resistance of Earth pressure

F3 = Resistance of friction between tail inside surface

F4 = Resistance of Horizontal Alignment.

Fd = 150 %

Design Condition Assumption :

2.4.1 Soil Condition

¥ soil = 2.0 t/m’

7soll = 1.0 t/m’

Hu = 1.0 t/m?

[0} = 30°

1-sin®

ka - 1+sing =
Earth Covering = 1.0 m
Ground water level = 1.0 m
Surface charge; P/ = 2.0 t/m?
Water pressure = - kg/cm?
(Center line of Shield) = - t/m?
Soil Boring Log = Loess Soil

2.4.2 Shield Body Type 5
Shield Dimension = 8.90 x 4.35 m
Shield Length L = 1.20 m

Weight of Shield w = 5.0

—~+

2.4.3 Weight of Box Under pass

Type 5 = Reinforced Concrete
Span Length = 12 m
Weight of Box Type 5 = 312 t

2.4.4 Thrust Force Calculation; F1

F1 = U1 DL(Po+Po+Po+P3)/4 2
M1 = 0.3
(Friction Coeff. Between soil and steel)
D = 4.35 m.
L = 13.20 m.
Po = ¥ Ho (3)
= 1.0 t/m> x 8.90 m.
= 8.90 t/m?
/ _ w
P’ = Po + DL (4)
5+312 ton
= 8.90 t/m?  ———————
435 m x 13.20 m
= 14.42  t/m?
Py = 'Y/ Ho ka (5)
= 1.0 t/m? x 8.90 m x 0.30
= 267 t/m?
P = ' (Hy + 2R) ka (6)
= 1.0 t/m>x(8.90+4.35)x0.35
= 397  t/m?
Conclusion :
F1 = 0.3(4.35x13.2x2) [(8.9+14.42+2.67+3.97 t/m? / 4
F1 =25787 t
\ [58
e
B
—
Gv H
vyt iiey
Fy F 3
Shield Box
I R
Pd + o
i &
| R
x vy
E‘Uﬁ 6 Resistance of Earth Pressure at rest
2.4.5 Thrust Force Calculation; F2
F2 = DL x Pd (7
Pd = Earth Pressure (t/m?)
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= -
Pd = Lateral Earth Pressure at Rest
Pd = ka (Ov + ¥ R) (8)
Pd = 4.657 t/m?
' H H
ov= L2 [1- e'(ﬁ)tan¢]+ p g ()ano ©)
tan@®
D
B = — (10)
tan (45+E)
~ 435m
N tan (45+32—0)
= 2.511 m.
ov = 2482  t/m?

Coeff. Of Lateral earth pressure at rest : Assume 1.0

P/ = 2.0 t/m?
Conclusion :

F2 = 8.90 x 4.35 m?x 4.65 t/m?
F2 = 180.29 t

2.4.6) Thrust Force Calculation; F3

F3 o x Ws (11)
28 0.45  (Friction Coeff.)
Between tail outside surface and H-Beam 400x400

Ws = Weight of H-Beam 400x400
= 172 kg/m

Ws = 153t

Conclusion :

F3 = 0.45x 153t
= 0.68 t

2.4.7) Required Thrust Force :

- F14+F2+F3+F4

- (257.87+180.29+0.68)t+ F4
438.84

- 03880t + —oH!

m M M M

= 658.26 t

\osnnnsruenlensedauuurinaudsanie (Double Acting
Cylinder) ¥u1n Capacity 100 ton fs¥8g Stroke 1,750 mm. 909%7
19120 lAAYIA LUUANAALTIAUAY nlAsINIsTaliiindIuse
weeanedniduy Fan2) fivansununszuenlansedngnosnuuuan
\ielddu Segment Concrete fifluansBaununszuenlansedauuy
Hosgud Tefeseanuuuliununszuonlensedasuluuuauny fu
wifsreunin Saazanansanuauiiamanisiadeudl vea vieaenvin
wiAsLTelukLaRe way wsuldmudeimua

25 Wi Thrust Jack gegaiildlunisduvioaenuuuinae

MNNIAIALTIRUmuiAadulunsiuvioasaLUUAY
Type 5 Jaluvuinlvgifign 1dr1 Thrust Force whiiy 658.26 t lng

fAniemuvasade SF. wirtu 1.5 fudufsawnsald nszuenls
ATDAALUUMINUABINIG (Double Acting Cylinder) ¥u1a Capacity
100 t $1u7u 8 n3zuense 1 4n 52usdunse Thrust Force 800 t.

gunsalfiawiililunisfiu Box Jacking
nswr3eueulun1siy Box Underpass No. 24 fianninaadinsiads
vJu Box Type 3 uriausnuedlasinis azdesldayadunids Power
unit 789 Swivel Crane 4 aaruaui1e3lunaoulnsad lilyuuy
Wireless vilyinnsaiuaunszuannszuenlensedaluuinnuasviig
(Double Acting Cylinder) laiazaan Lﬁaamﬂﬂummmﬁauawﬁﬂﬂ
aelu Box ynaduilensaifnsvesiisn Back hole yadulildszdy
fungzaunou JaeBuy Box Wiadeuilildszogmarniussesd
50 Back hole yafuaen desndalsfiansandsunlislunasulnsa
WuU Wireless.

%a;gaﬂ75mxéhsaaamw%uﬁuawawauudu uaE NIIAUIN
#1 Slope Stability Ua3AUAUNIg

fuauveurauuAL (Khon Kaen Loess) {ufwufifinisBanzvas
Wanuwuunaing fdnvarlaswadrwsndanuduuuusiia
(Honey Comb) ilefiusinamnutuiisdunasdusanaviuiiunndu
masuniuusudeuresfuardaianas wasfuaziianimyn
foghedundy Aussmeuidufuiifimuguusdumsisgs dafudad
nsfvualRuaureuveunuduRy Collapsible Soil. N3ATUIN
AENYTNNUBIRUAUN (Slope Stability) T95z108U38 Method of
Slices WipULBuUNSATAMETUIWATH KU-SLOPE 2.1 lnadlan
Factor of Safety 11nn31 1.5

4.3500

I'\

= o\ A%
/M20604
\.1“.1_:3."5.‘. e

E‘Uﬁ 7 Slope Stability Analysis (Ordinary Method of Slices)

A1914i 1 Soil Properties & Slices No.

Slice c (I) b 0 h hw Ai

No. (t/m2) | (deg) (m) (deg) (m) (m) (m)
1 0.3 30 2.00 39 0.55 1 0.85
2 0.3 30 2.00 32 1.74 1 2.03
3 03 30 2.00 25 282 1 227
q 0.3 30 2.00 17 3.59 1 2.14
5 0.3 30 2.00 10 4.08 1 2.06
6 0.3 30 1.29 3 4.32 1 1.97
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A13149 2 Resisting Forces and Driving Forces

Sl w cAi W cosO U (W cosD- | (W sinB)
No. | ® ® ® ® | Utand ®
1 223 0.26 1.73 1.71 0.01 1.40
2 6.98 0.61 5.92 4.06 1.07 3.70
3 11.31 0.68 10.25 4.55 3.29 4.78
q 14.36 0.64 13.74 4.28 5.46 4.20
5 16.32 0.62 16.08 4.12 6.90 2.83
6 17.28 0.59 17.26 3.95 7.68 0.90
5 : —
on- 4HLGE iuasQ

Ser050 Tw'

MS-ST-CKCH-08

ATTACHMENT 5 PAGE 6/6

E‘Uﬁ 8 Slope Stability Analysis (6.0 m. Excavation SM-SC)

El—* """"" = e s S Rt = =

1506 He B2

E

ik 3 Lo ] + 2K Q

S0 W. ExcAVATRN  SMm-3¢

ATTACHMENT 5 PAGE 5/6 MS-ST-CKCH-08

g‘ﬂ‘ﬁ 9 Slope Stability Analysis (5.0 m. Excavation SM-SC)

S —= ==

WS KL Balal

Samse® L L L.

B 3cAVATION

ATTACHMENT 5 PAGE 4/6

MS-ST-CKCH-08

31]*75 10 Slope Stability Analysis (4.0 m. Excavation SM-SC)

Y = 200  tm?
F.S.
FS. =
F.S.

2 of Resisting Forces / 2 of Driving Forces
(3.40+24.41) / 17.82
1.56 > 1.50 ok

715197 3 Field Log Record (SM-SC Soil)

SAND & GRAVEL SPT-N CLAY & SILT SPT-N PP
Very Loose: 0-4 Very Soft 0-2 0.00-0.25
Loose 5-10 Soft 3-4 0.25-0.50
Medium Dense 11-30 Medium 5-8 0.50-1.00
Dense 31-50 Stiff 9-15 1.00-2.00
Very Dense >50 Very Stiff 15-30 2.00-4.00
Hard >30 >4.00

a o o/ .
3. NOYYUASHANNITIBNUUKIIRNE Box Jacking

n1599NWUU Shield Box 18 915001n58UDIN1YUL S ULTIAY
WUV External Thin wall pressure vessel [2-3]

External Pressure, P

LT

O 4+— Rasisting Force——» O

E‘d‘ﬁ 11 Equivalent diagram for uniform external soil pressure on

Shield Box, showing the more convenient form for analysis.

P*D
o = =
2t

= Circumferential tensile stress

S * sf (12)

= External pressure

Depth of Shield Box

= Thickness of Shield Box

= Yield strength of Shield Box material
Safety factor

Stress analysis and evaluation of a rectangular pressure vessel
according to Section VIII, Division | instead of Division 2.
Fatigue is not a concern for calculate a thickness of Shield Box.
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F F
s = — & P = — (13
A A
F = 800 t
S*A = P*A
S*2t*L = P*D*L
S*2t*L = 800 t
. _ 800 t
200 Mpa
2t = 32.18 mm

Shield Box (L = 4 ft) THK. min 30 mm. (sf = 1.86)
4. 3Bn1sneadng uaz 5n15AU Box Jacking

4.1 35n9a319 Box Underpass

Tassnsneas1masasalWiiiunvesnssalniisssmdlne
1#35unlnAune wag Weanssalmnluvaenoasne dwieddiia
U ¥ I ad v = o o & v
AR 19UINNINIBAU Box Underpass  dsdimnusndudisanananis
Wisuflsuismsauvieasaluy Pipe Jacking lnanisnead1a Jacking
Shaft Mavilulsemdlne Au F5neas1mneasnuuu Box Pushing
Ingld Thrust Bed vosUseimaduide uag daueluiiussyuguims
U84 VL. ¥. N5919 81ANTI5880175 (Einaulug) weldduwmada
Puneairmsasasaliuuulu (Pilot Project) dmsusinelne Tu
lasanssnlimsgunnuLdss-vouuny  ialamlsenus  Juns
Usguih deenssunmsgdnnisiveg (@enuteais 2) veliiiends
o o A, o < sam
fuvnsaonmdeuuulviiidn "Box Jacking' imszilunisuszansis
Moa51999991U Pipe Jacking unldlun19du Box underpass &l

a ' o~ . = a o

18AZLBEALANANIDINTD Box Pushing MUszimAB LR

4.2 TURBNWUUNNAWIAINTSY Front Shield, Thrust Bed

Tugnesnuuuliinsgideyasiqainlasiis Box Jacking 7
UsewmeduAenuinnistd Thrust Bed dmdudu Box Type 3 uag
& a Y~ % | A qgvag X
Type 5 fumauninazissdinnuvuilidesnin 50 .. wisldduiu
§iulsh Box Underpass fiflunuiinannnan 300 fiutpdioudl wag 1w
WUB4 Pin Pocket Aasldviavan 8 Row vihlldiattunisiin Block
out ABAIULANUARIALARDUYBITTYLNTAARILN AagUR 12

3U#l 12 Thrust Bed 8 Row x 8 Column

4.3 Thrust wall & Thrust Bed

dosnusaduanulunsduls Box Underpass No. 24 uliu
Box Type 3 sunisusniineas1susnaaniiisalnnaasasy nufu
Hymuazguassnainnisld Thrust Bed sgrafadiulsianunsniy
Mdaves Thrust Jack ¥u1a 100 A 31171 8 ¥ v Thrust Bed
139 Fesfedld Thrust wall tedufdesauiu Thrust Bed faguil 13

3‘0‘17; 13 Thrust Wall

4.4 Giafs Thrust Jack ¥u1m 100 6 $1134 8 99
Fanszuenlensednviinyiiuaeanig v0eilargleAn YA
wuvaNgawsuAY 9nlasenissaliindiussveneaneduntu
(Fy2) Mhanlddudivatsdaununszuonlansednnunuiiu
AauNIALUULEaagud viliiAausuleauu Wedaununszuanga
= v a a a9 v g
szeedl 1,750 mm. Feldanansamivaufienisnisedounliiduiu

P

wumse way llawnsadu Steel Spacer Aagun 14

UM 14 Thrust Jack vunm 100 #u $117u 8 40

nnsAais Thrust Jack 2um 100 fu Tagldem Power unit w4 Swivel
Crane fiUsusausafugean 300 bar ¥l Thrust Jack Fusaidies
86.77 ffu Fesndudowiiuwn Power Unit Tnllsanunsausus
usasfugean 350 bar Lilelvisewes Thrust Jack sguandu 100 duld
ussy  Specification  fifuameenuuuilesiu  sanfoenuuy
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svuulensedausvanlifiwdauiunseudld  weannsouaunis
ideuiivemdmunuiirmanuuszetlnaseslimeeulnsaniels
a18 LAy 9eNLUU Spread Shoe Tmivhlununsyuenlansednnulu
wwunu U Steel Spacer faguil 15

3U#l 17 Over Cut (Top & Side)
4.6 F5a1de9iueenluvalzeid Box Jacking

finsiaueld Mucking Loader duluiniesdnsfivmuiiteuldly
sudndssiusenainglusd fu edesdnsdagy 7 18-19 1usny
Hydraulic Excavator au1aLdn KUBOTA 31 U15-3 Aansadly
yafulu Box Type 1

3l 16 Front Shield (CK MAKE) szuudminisanusadenniu

4.5 71399AUUY lag AIUIa IUIAUDY Front Shield

YUINAIIURUIYBY Front Shield Type 3 waz 5 lagluun
Jennssuves CK-CH linquilassadrotalusonuuudu asdesld
winAuvL 40 mm. wihiuaamuvesiizgludsalwliau
Foawvilsimtnues Front Shield ldanunsasnlalagiasu 50 fu 3a
WHufinnveanisesnuuu Front Shield iuwuy External Pressure
Vessel Tngflvurnminunundi duand1nse Front Shield Type 3
WU 30 mm. way ldn158anenu Box Underpass #18 Steel

Coupler DB-25 @ 500 mm

Uil 19 ddesiusenlagld Mini Wheel Loader
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5. 3501 Box Underpass lutunsieg naz luduniunda

5.1 Box Underpass No.51 Typel STA:384+770.615

anmAnAunUURaNsEnInsiundsiunseguni Suld Beam
Support YuA 150x150 mm. YIRUNISNSEHIMNeUADUNSA

E‘Uﬁ 20 Hydraulic Breaker
5.2 Box Underpass No.54 Type 5 STA:391+648.934

AnmYeIiuAuNIwUUNT IV [4] Falinsianatevemay
U7 Front Shield  maenAlaa1 wag 12913a16U Box Underpass Tu
n¥NaNNAusEnIanaT 01:00 w. fvviusadudmuneiay 531 Fudu
yuausandnussnuialehulagldldvasninuswinliduniaia
n13ngadiedan Shield Box lalutvegldivueunsuninud 1
Y a Xz Y o ' . %Y o
fu wazusnnldugentds suvies Shield Box agauenias
Wavvusadsiwiiintdnneasdumeiuiuinnds ildvuiu
sndudmneia 532 femensaiduna 1 Filue  edeungedu

5o a v A oA
YN8 AIUTIBNUMANTATNVUINIOAUAIN 532 Wi Tudl 5 w.a. 2560
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gﬂﬁ 24 Thrust Bed with Concrete Spacer
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