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A Case Study on Design and Construction of Subway Tunnels

Underneath Existing Buildings
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SYNOPSIS : This paper concerns a case study on the design concept, analysis, construction methodology of a
subway tunnel excavated in the soft ground beneath an existing building where the distance between the bottom
of the building and the crown of the tunnel is separated by about 3 meters only. The silot tunnels are excavated
in advance, and side reinforced-concrete walls are installed. Then, main tunnels are excavated with ring cut
" method. The steel ribs are installed and supported by the side walls made in advance. Between the steel ribs and
the side walls, the screw jack is installed to apply prestressing so that settlement can be controlled at minimum.
Various in-situ measurements are made and compared with computed values obtained by numerical methods. By
choosing this underpinning method with very careful construction control, tunnelling projects could be finished
successfully without having any damage to the building located very closely to the tunnel crown.

L Mg
A& A5l AT EldL 55 AE(A%2%) AL E Mo
2 BUNES AYE oo, AFY A8ty videls B M
7R Y 4 olFAAE 2.4mol3, B G AwtzAL 3}
2471 A FHAFolch. wetd 7 HAY BHY ESRCS 4|
TY Zpole iyt AubEsizl wAY e oasn HAF
de AGAEY AT APY 2oz F3Ho|, AuNIG
Had stdA 24dge] AS Aoy Badg £ & g
Yol Ago] AEHAULE £ @AolAe} Zo] B Azt e
e FAC A oy AREtFe]l ALY Lol HYF
H N ol ANE JItie 4 ¢l7] Wl NATMS 71&74Y
& 3£3517171 oj2l$ 22, Underpinning 18§ SYT FYol
B-slgich whetd & dRoME Silot Tunnel& WX Z s}
I §HITINEF W Fo| olF Steel Ribe] LA Al183te
dFel el BldFHL2 HA ¢ AFHATE 2 Al Aol
Me o] FHe 7IENYE M&stn, sy 9 A3, A4
% 9 A& vaAEF Flo] dFsY 2USAE A
el elddA [ Al F3UeE AHAstgch

2. FAle gl AukzxA
2.1 7la

2310 uehd diejzio]l A& X3 AZT HY FUNF
413 R=300m)74E Bl A¥e] 71& A& T2 Fol 91
st olen], Bld L2 4E 3~TmAE olFHo gich
Hod e H4dog st 20.4~23.4m H=ol EY UAHEZ}
A¥so} oz, A o]AAI 2.4md BUBL A4 5%, A
3t 259 AnZ|xBA o2 9 INE FRIFERFrh

%t"‘w v
Ao 2o |15

/1

21 A B FAVEY B¢ WE Q FowEs

2.2 Atz

2 B g QAL T4 Bulgloln] ARBYEH Ei}
% BUES, FTHUS, AY, FUsLeE FEH Utk B

—225—



< FHNEFN FHUS S TANEFK dA= 32 B Y
29-g Grouting2E EFsteng elg FH AY4 4
L FHREZO] oy ARG F2 Heo] A st @
Aol 2steels ANEEHE -13mol X3l ok Bd F
W 2k 23,200 Uehd gl

GL-0. 000

¥ = 2.0Um*
C = 2.0t/m*
% = 30"

£ v =033

GL-7.500

¥ = 2.0¢m®
C = 2.0m’
o = 30°

v =033

E = 8000t/m®
(ZRFF)
1 = 2.3Um*
C = 10.0vm*
¢ =30

v =025

E = 100000t/m’

LEEE
GL-13,000 7

01,20, 000 L /am 7
Y = 2.2Um’

C = 5.0t/m*

¢ = 35°

v = 0,30

E = 300000/m’

U

2.3 Hdet®

2 g3 e 23.33 23,40 Kelnte} el Silot Tunnel
2 FHAERste] 2kl BENES o ¥ ofuel, ¥4E
A EEF epdEte] =|ute] FWAFE HolslR Steel Ribe]
HArjg ol gslalrh ed A FE #5t Pipe Roof FH& A
s3te] ARELES FUSA AW £ ASF 312, Ring
Cut Byuzatoz Algslol Steel Ribel FHIIEE Ajold
Screw Jack® A8t Jackell W& sislel HslE HU=]st
EF Fdch. ¥ &HEIUNE FZE  sHFo|  Packer

+ZE
Groutingg A4lstgdeny, Zo] 5m D299 |83 & C.T.C

ImZ 394 Soil Nailing2® Y7313 25me ZFUFLT 4
HEE ZHY o wystaich

10200

24 EHd I3 eME

3. Hdey ¢FY AE
3.1 78

Eldeinie] Al AT} HY Zo2 Qsle] st
£ FExe] oit Sy g Wl A Mo o) HEHY
th. ERF Silot Tunnel® &I ZE GAHELE a4 Ed
Mg 2N sl MY sFoBYH HHIRF 9 I
Zz|te] & HEstAch x|k g W AN JEFRES
gelaos mdalsty] ¢t 2y 50 Huleh A AR
ZELS A EFE(w=120/mY) 22 HBslY YRR E ul o]
ste] zjuinkg myday o m siolch

LI It 5‘

B 49 —
L
(”‘) L IR 5
oy L_ LT ] ’
5

3.5 BHY ¥R

—226—



3.2 #2314

G232 R Yo R o] FojF A2 E 14 Programql
‘FLAC(3.22)'& ol&stden, x4 2de Mohr-Coulomb
2dg Algstdeh A2 F.1o] viepd uis} o] 14utAlR
A 2789 Astxole= A 4F AMRsha, FHEA M E 8
FE¢2 Null 248 AHgsle 3aQ 23g nstden 5%
TA 2 Shotcrete, Rock Bolt ¥ Steel Rib% 8] R F 4|
stoich 34 Mesh& 2¥.600 Liehd nlet 3ol 2142 360091 74
9] Solid £48 2¥8 35143 Shotcrete?} Steel Ribs= Beam
£24%, Rock Bolt& Cable 248 2 stoct.

.1 23 Mo 4 31F EHE

321 $UE

Rock Bolt8] 2% Hridd L 2.9tono & 31-842(11ton) 1hol
3, Shotcreteo] g% Aoi&dy, RAE 9 AL F.20 1}
Ehd ule} Foo AWSAL lkg/om® W, HEHLS 9~
13kg/cm® BE2 AHFE 9tk Steel Riboll FelE 315 A&
¥ 47ton, HUIRWE 1,3ton-m, A 3.5ton22, ) H&H
o] 117lkg/cm® Aergo] 248kg/cm’2 &8 (3-§ HIA:
2550kg/cm?, 3-8 Be-33:1500kg/cm?) WOl BEE WY AL
2 g Herh

E.2 Shotcreteoll 383le 35

e
i1}

11 i)l O

11110 1)

2%.6 81 Grid

[ B S
S~

. THE | Ay TR
3}1:‘“ Al ¥ 2 o :}% Silot 5?6 i 0.011 ton-m|0 04?? IIS:_
ki ﬁ_'l Tunnel ’ o i °"Shotcrete
1 kel 27 S99 HY el - zd Ist
3 ESEE 20% BME|d | 3.53 ton {0.01 ton-m | 0.02 ton Shoterete
3 1x} Soft Shotcrete | 30%
4R 27 BF e 2x} Hard Shotcrete,
4 30%
Rock Bolt
5 27 2% 40%
8 } 1x} Soft Shotcrete | 30%
4A 27 s U 2x} Hard Shotcrete,
7 .- 30%
Rock Bolt
8 27 2% 40%
e e von B Smmm o] sse |
T 531 Rard Shotcrote | 20% Hd 202 A Wele HUEAA VLAcPES 6.9mm(2
12 ENIEE 10% 2.7), 2deld F24] Ao ehdHE 12.2mm, HoAEY ke
13 |@Meld &% wiehd (1%} Soft Shotcrete | 30% 1L.5mmEA(23.8) ¢ ¢34 U $8 328 & Ve
14 22} Hard Shotcrete | 30% Qe Ao wictE Q)
Jo8 T TUNNEL TOR SCOUL SUBWSY $+48 [((n: g lerepeling during vide pitet hete) tet JoR WL YUNNEL 7O SCOUL SUBWAY 3-48 (far au ferepating ducing tide pilel hola}
FLAC (Verwion 3 22) FLAC (Version 3 22) 29
— 39 — | "
o L A e RO e
vttt <ve sapsteon e e el NN \ qulreey
<4 aMC a1 cpe 33D \kk\ \ é//, -
rnsery ANAY § 1144
AN N 9997
o ® NS 10044 e
sy J 4990
Cra prat ALY 3 J //I:
[PRVOPI I | ‘;§§\ ¥ itf /;f,-.u
- v SN e

7.7 Silot Tunnel 23] 2|abdg]




o8 TN TUNMEL TOR_SCOUL SURNAY §-48 (fer israpating during sids piist hole)
- L oevs

FLAC (Verasen 3 28)

..._.._.;;,—.u..-_.-.« i v (TTITITITTIITTITIIT] (eid @xet 8¢ dage) g6.0tn
[ (TTT T T TIIITT IO (Aot 40 du4$a) g=11. St

10/5R/1993 oMy
wiep 57003

SLE0IE401 €ox 1 B OLeO
-13000e81 eyt 1 KOL401

(Screv-Jack &
Hinge® 7}%)
)

6.5t/n

F‘ 36. 5t/
2 114 - "a
Palia > . S
= 3 s =
. 8, b -
-.Lj ' |‘., 117

\
N\
\ Agol AP +H 8

tidd Mol oyt g

2%.8 BM B ZaA| xupHs)

24,9 Steel Ribgt FHF2Eo 2gsl= 31%

3.3 &Y p2F 4A

a9 LREL A4 Bd Aol ¥t shFo] QGAINEF AAE
odch Steel Ribet &SI RE Apolo] ¢]xI8l= Screw Jacks
HingcE 714313, Steel RibE AWEHE 3152 &Y FT2F A
Tholl 2hgel Ao shysiech 552 A Bl Y 2 F-3Y 3} 96.3¢/m
AE sh4-2] 2uto] ArchingZ2lglo] &3l Rog 71dsiy
ch AFof 2%t stF o2 HE 2F-5Y FUIEE B0 2A8]

of SYE Fyizloly alstFel Y +4 Q £WeY ZiPe : ¥sm 0 ) ¢

ARt 2™ 2l By o] AT AE sl 41 g 4w} 38.4t/m ‘

#& Terzaghi® 7F ®Qgh Alo) 23] At stgdc). 15.0 t/m ————t——

E.37 19.96] ZH22E B Stecl Ribol 3g3te 513 e}

WD, 9 TzBol A8sle HESIES 27,1000 Yehia 150tm — b | (u42)

o} P2 B thyt P AR Y AT Y BEof iyt Y 34.0t/m —————g—— | 8.0 t/m <

% 23}, 515¢) +¥48 ¥} Rock Bolte) x| 23e] 20T AE 15.0 t/n ——p

T Yol chsfAi obHY HoE vitisioct. oyl £AsEE

Seshex)ute] o 8|2Ag 2ABER, AP WYS 9l5} 5.0 un -

Packer Grouting ¥ Ze| 5m D29 o] 38229 C.T.C. Im¥ 39

Al Zoll ¥ Soil Nailinge2 E7stoct ! b
: 0. 8m

Rock Bolte] z)4 ¥ 2}

a3.10 FZ2E HPHE
.3 &Y x5 ¥gshe 3tF B0 SATE

o, SteelRib - &% 228 |
, ASstE T:";z_}: l!.5 ton/m?/!n -
‘ i 78 5.5 ton{mz/m D4 4_,29“@,2,/,',"7
e ‘—’F’i_]‘?ﬁ(i) ton/m*/m - B
| ~ %] 4.1 ton/n’/n | 4.1 ton/n/m |

—228—



4. A&z vlady

Bl AlFA]l Al&-S 21116 vebd ulelgto] A B A ELA, 2 F
7 AInclinometer), X1 E¥stA R 7 A}A(Tiltmeter) $-& ‘4
z5te] 2|2 Y5}, 2|5 sHHEel o} AW Y AFY JRV 5
& &Asladch EY Shotcrete?t Steel Ribell= Strain Gauge
T 45ty 9% $Y Y2 H Shotcreted] T2 R A|FA|7|
o ebd, 2 Arch B2 B3 Q BFe epgy L XA}
8teich. Shotcrete2t Steel Ribell 3H&5He o) H-Ed S E. 400
Ltepd upeizlo| Shotcretets X7} FXIsjAof 2t ofi&x|
X} 50% 3= 23, Steel Riby= X7} AFA K} 50%6F =

< o2 yeixtou B5F #8344 ueln gajle AlRujde
2 EYY ¢AEE YEY 5 o= 2o unkdch Az 9 A
T E.52 13,126 Uehd uielzle] o&X o} FY X)L
By QA Hojul, 2EHWske &YX &Kt 30 -
S0%BE 23 A ECt Ast YEH WA EXxticl dF
2 J1&7l= A7 0.0006 - 0.0013 radeE & ZHg]
(0.002 rad) Wo]B2, A& ¥EHU3E A EXUY Aoz xt
CHETh 3, A S4EE e 27.12004 Belvje} o] Arlg:
HHPo| 7.8 mmolfo] BT BUF S A8 gl Aow
gitech, Mt sl FF A7 A&FX Rl 3L gholut A&7
AX A7)17F 27189 W FolEE 20mmHiLlel ReE 23
o] Bl APl S 42 2 AL yHHoL

: Titmaeter
® : Surface Settlement
: Rod Extsnsometer

: inclinometer

-~

—
(>-~C.L. of Tunnel
o

2311 A%y wixE

4 o) 4 vl

ol &) S
Shotcrete 13 kg/cm? 22 kg/cn®
Steel Rib 1170 kg/cn® 591 kg/cm’

CES5 B4 Y 2N s

EEE EXE

2 ch =) T A0 8} 11.5 mm 15.0 mm

oMty s} 12.2 om 11.0 mm

cieyEg] 3.7 am 7.8 oo
A F5BEs

o o

: Displacoment Scale

: Dimension Scale

: Surface Settiement (Measured)

o : Surface Seitlement (Predicted)

» : Horizontal Displacement (Measured)

o : Horizontal Displacement (Predicted)

3912 B sl



5.4 &

£ AddFeMe AF 5HE-F QY3 St FHE W 334
el iz Aol AlFEE ©dYy AN, siHNE, AlF 2 A
- FZA) HIZEHE Bl gAY A Y AFULE A
odrch dESN-F JYste T3l BY2 ArchingLatg 7|cf
g 4 ¢17] o 2o Silot Tunnel& W= ZA3l5 SHITAEF
 Fof o]& Steel Ribg] WAl Z 0|83l Underpinning 714
S =AY AN B dF Y Ago2 ey 9 FEIREY OF
3& HEEY 4 Addrh
x50 o &x] Y AF FFX 7 BF 3-8 vfolo], x| Rij|
o] A W A]Fo] ¢rABA o] FoF AT uivtATh X EH S}
g A= 10 - 15mm FEZ ol &x]e} FHX 7L vy Iy
& Nou}, dtaste] FAXE A7) 2HPLB A X7
& ZYsiA]| oot & Eot 22 k& Bole ZAoT uigtEn,
Bd 9 JRAE] ¢yl AREASIE Ay 2 482 gt
xehA oll& x| ol AlE FFRI Aol AFLA W XY
ModellingA] 320 &2} Fofl 71913 R s wcisEL} w23 o
AE AHE RAch

6. A

1 2ejoiEtn 2t (1994), “Xjstd 04 003+ Fd
H HYRR S5 Bgo] oyt ZREREIA
2. (F)F3 A= (1994), “xlshd 003 Eld FHE dFE
s1%- B2t FDM3sIAY H 4”7
3. (F)FEARYI(1994), “25HE 0037 FAE B A4y
E 33y 2E 4347
4. (F)c)$(1994), “x5td 0027 FME Blgsil) AW E FH
Y AEA"
L (RS A=Y i(1994), ‘A 271 & AshE Eld AA
U AFztel Y R
6. (F)h-$(1994), “x5td 00F7 2| stZHFA ASEIANF
A5 Bd)”
7. FHA(1991), “Soil Nailing Recommendations”
8. Das, B.M.(1983), “Advanced Soil Mechanics”
9 Robert V.P. & Thomas L.W.(1968), "Rock Tunnelling
with Steel Supports”
10. FLAC (1992), "Mannual(Ver.3.2)", Itasca Consulting
Group

(o1



