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Fig. 1. Balance working face pressure with water pressure and ground pressure
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Fig. 2. Examples of service limit state and ultimate limit state for face pressure calculation
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Fig. 3. Overview of the methods of estimating face pressure based on the two methods of service limit state and ultimate
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Table 1. Summary of face pressure calculation formulas in two modes of service limit state and ultimate limit state
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Fig. 9. Surface settlement monitoring points along the tunnel axis
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Fig. 10. Example of the results of fitting the settlement curve (line curve) on the actual surface settlement data
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Fig. 11. Actual volume loss across the tunnel
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Fig. 12. Comparison between the results of estimated face pressure for the ultimate limit state and actual face pressure
along the tunnel
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along the tunnel

ailes) 00 cpiize b [VE] o g 1jgeuS Loy ons ool
Bl ez 2l g 5 ai gyl sue 05l gl (VY]
el 5 1 Lid oo IS s L TBM 5,5 Lyl by orslie
il sl Logas g5 ol i)ls (Sloisn & ihs bsed
el (s s yiSTam e L) oz i S
A ety (b e (b lagleisle Conlis Gulul
o S Saend 3 Sl 10,03 (6 A Coenl l0sd a8 S
F s e drwgi 0fgn (r8ly slaools 5 AST L L cnl ul
OB i Lad anlons dpaz by Sy dmag 4 pladl 05 (9%

B9 gy o> S b

SLid 0591 (6l gy (g0 Sl Wy gy Aruwgd —F
HU
RO (527 oz Jae SG sl walllae ol 5l Lol s
Jsbhite ) 4 e g e g0 Sl bl IS A Lt
Ls e leosls Joli) cwlid cre) sbrools 51 Sledbl SGL S
oIS S8 (ol Caeglie ey b Jye S gaails b
eyl Jols) cwasn ool (Sl 46l) ¢ Stz S
el (o) o gl i) ke ablis o o),
Lid pod 3,5 sla el )b S ane JLad Joli) TBM Sllee

29l Soi 7 5 ¢l pn (69,0 lds o 10 e Clege &)

YoAY

oy 10 5| faS oz ) LE ablio b aslin 15 (0o
Sl oaly ylis

o ol gl 1) ) s Lad oyl bV S
Obis ol Jlosl (28l )5 aes JLad b anylie )5 Jglitie s oo
Syge V) USS Sloges b anolie (o loged ol pie SIS a0 0
T )

ool &, oBly sozm> Bl FYOY e BYY s 55l -
)LAMS aS el U”‘ )Ua.u‘ 9) U"‘ )l o Qo y0 N )‘)...050)3)4 g
Slp ool 0,905 |15 ancw JLad polie 4 ooy IS anw 3y
L, ars ondly olo,lid Lol il oy /0 oz il Cdl>
o5 B wo s 10 oz il Sl (gl 00 301 pyoliie
RPN

0ol &, oBly sozm> Bl WAL+ 5e LYY S5l -
S Cwl U"‘ )Ua.u‘ 9y u.!‘ )l o Qo )0 Y G -/0 O 0)5).' B
oals 0,90 p I arcw L polie 4 ooy 5 A Sy jLas
S ais oadly (ola L Lol il o ys ) ez 2l s (el
o5 B o3\ ez il o (gl o0 55T ol b
S YA e 4y S0 bl glagl e ol Logas

olie Bllad oS Sy xS (pl 4 Gl oo gaREer S 0
@613 ).n)lsbo Lu U9 L o> e 0 6)5—‘).3 )15 A )Lwﬁ

Lngolo aS el Q"‘ ‘SAAJLH‘ Ji“ua M)(SA )Ja) L el WS )lJ_AAA)



YOAY b YOVY doxio Vv e Jlo A oyloud Y 093 ¢S ool (ol pos susio 4y

309 Jley Mol (gl el ouls oolazul glalez wiz sbbcuS 5
b Jelors yo o el (snlo o )8 5l eo 5T slallas olie a558
Dgd oo ot ool Caws 4 2l QIS ol b el sus solazul
Ly, )3 Glakexr vz Hoe 5 ) Slddod e @l m

N S el 00 @818 510 sla IS oY Joz (V) 5 ()
Goll vas o0l o polie g aBly polie o V) alal,
g, g oo oddlive a5 aigS las ams oo HLis (V) adally Sl
s Wb 4S WsSolon WS e Cued V) s 5l Ll IS
el S5 jlad 5l b golauly sae (V) alayl)) ol eols
dl aolen (nl o o s o Sl 35 jghiie oy
Sl sse bl sln ) (e (e e tSly (e o>
Slade wign cnl lp 288 e 5l 9)9e SIS A JLAS
Slme Slas lyie 4 fadee Vo (b S 0uiiS sgae
S ookl b el ool a8 5 ka5 0 (S ) e (b e

Gl 308 s 13,5 dnslons |, oz <l g e ¢ lie ]

8l g i et Juld) (miacents syl 5 (ond g
oogime 45 yio VO-V o alold by b5 cilisee ablia (ol (oo
ST 51 oolatul b aslol yo o oloul Jigs 5l YA« LYY 5l
g oD deubre ()l 3o G (gew S Ll esle (gan S
5T nl 5l a8 )5 18 ) 0550 Sl L sla il
s 9y 2 NS e lajtel)l lolid wsle (gam T,
ahas £li5,] 5 oz il (Sl Jge cbol ol s el (55l
ol 388 lo el Glsie 4 Jigs 3 50 5l (e ]
w255 Al s Sl A0z gew )T 5T 51 ST Al e o 0
ooliinl ()l sae) (b)) 990 Jully (59, 2 Fhe layel by
o oolil Minitab g Lol Juloo 153l 5 51 axllias ool o o
oz il el b ¥ ool (ygens Sy Jelod gl ) azgi b o]
o By S 5l swein ol che gl cond 5 Sk Jgee
5o xS I8 eolitul 550 dialy gloyuiie plaie 4 bigs
e 36T 5 sled po 5 IUT sl S 51 onds plowl slo Lol

Minitab I ool coaws 4 Ogew Sy ol Y Jgus

Table 2. Regression coefficients obtained from Minitab

Term Coef SE Coef T-Value P-Value VIF
Constant -2.86 1.31 -8.06 0.000
Ln(hW/D) -0.1531  0.0330  -4.64 0.000 1.55
Ln(E) 1.118 0.123 9.11 0.000 1.30
Ln(Vp) 0.2455 0.0311 7.89 0.000 1.36
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Fig. 15. Comparison of actual and predicted stability numbers
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Fig. 16. Comparison of actual and predicted stability numbers along the tunnel
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Fig. 17. Comparison between face pressure calculated by the service limit state method to control the settlement below
10 mm and the actual values of the face pressure
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