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Characterization of uncertainty in shield tunneling excavated in soft soils
based on gap parameter
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Abstract: To prevent the risk of displacement induced by shield tunneling, it is necessary to conduct probabilistic analysis. Gap
parameter explains the source of ground loss in detail by dividing the ground loss into three parts. Based on it, the uncertainty of
many parameters in the shield tunneling process is characterized, which provides an important prerequisite for probability
analysis. The main idea is to obtain the statistics of three components of the gap parameter: three-dimensional equivalent gap
u*3p, gap due to workmanship @ and physical gap g. The three-dimensional equivalent gap u*3p and the gap due to
workmanship @ are relatively complicated, and the statistics of the relevant geological and tunneling parameters are given
according to the literatures. The physical gap g is directly related to the grouting effects. The filling rate of grouting is
determined by the geological radar data, and the statistics of the physical gap are given.

Key words: soft soil; shield tunnel; gap parameter; construction deformation; uncertainty
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Fig. 1 Definition of gap parameter
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FYCRUH, WK 1, 2 Fim. S SEME1E: p
£ 1.60~1.75 (g-em )G HL; e KT 15 Ega/hT 3
MPa; ¢ yu/NT 10° 5 @ andE 15° Z£4; ¢ w5 ¢ an
BONBEIT, 7F 15 kPa A . S HT i 2 S804 R e rl 15
AR SRR b S, e T DX v A A S P
ZIE R AT S50 B I 25N s, @) ¢ B VERUR,
COV it 0.2; SHEEMRMISE p, SRR,
COV /NT0.05. 3 34 7 5di 2 CLAY/10/7490 5
SH- CLAY/11/4051 {3+ S H G HRET ),
SRR, FEY c/o L RN T AT cumoby/
o[ S E— 0, HER 1P ol AE o 5
2, 3. HRER, £1, 3 COV N4 LT,
# 2 W COV AHTEMMMREL b nT AR AEA
) X sk () 22 S 0K, DRI BRARE R iy, MR &S %
55 37 Hb TR R [ 25080 2
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Table 1 Mean values for parameters of soft soils in China

, . KA g, KDL TR LN
AT S 1A 11 XA 11 X =y IAH T [X 52 ¥ AH T X = ff i AH
p/(g-em) 1.750 1.720 1.720 1.630 1.620
e 1.309 1.397 1.328 1.709 1.768
S 97.700 96.100 — 97.400 97.000
Es12/MPa 2.650 2.430 2.900 2.100 1.890
avi-2/(MPa) 0.970 1.030 1.000 1.600 1.610
@ ul () 3.800 4.200 10.200 5.900 6.100
¢ w/kPa 10.700 10.800 13.400 9.300 11.200
@ un/(° ) 11.700 11.500 14.100 16.700 —
¢ uw/kPa 15.100 14.400 11.800 10.400 —
R2 BERETIMESHTRRY
Table 2 COVs for parameters of soft soils in China
, . KA g, KDL TR LN
AT S R 1 AR 11 XA 11 X =y IHAH T [X 52 ¥ AH T X = £ i AH
p/(g-em) 0.042 0.048 0.048 0.058 0.052
e 0.196 0.225 0.226 0.238 0.179
S 0.020 0.068 — 0.031 0.026
Es12/MPa) 0.285 0.244 0.325 0.367 0.255
avi2/(MPa'h) 0.328 0.370 0.436 0.463 0.36
@ ul () 0.629 0.648 0.607 0.617 0.415
¢ w/kPa 0.430 0.319 0.436 0.474 0.421
o un/(° ) 0.480 0.284 0.326 0.285 —
¢ mw/kPa 0.345 0.268 0.535 0.518 —
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Table 3 Statistics for parameters of soft soils

KU ZH Bl A A K
CLAY/10/7490  cugmob)/ov'  0.51 1.25
SH-CLAY/11/4051 e 1.24 0.14
SH-CLAY/11/4051  cu/ovuesty  0.21 0.43
SH-CLAY/11/4051 _cu/ov'vsn _ 0.34 0.38

TE: cumob) /ov AT ZFARIE T — AL AT 22 cu, UCST ATEMIPR PR3
VST +F BT 5 .

R4 RAMMEXERLE
Table 4 Corraltion lengths for soft soils

. Ox 0-

G BME mKE BWE O RME RKRE O BME
©) 1.07 49 142 0.07 1.1 0.36
@ — — — 1 6.2 3.63
® — — — 0.79 125 091
@ 0.14 1638 319  0.05 3.62  1.29
® 1.2 1000 2015  0.06 21 1.58
® 40.4 454 429 049 0.77  0.63
@ 8.37 66 309 0.1 6.1 1.55
24.6 66.5 456 048 1.62  1.04
©) — — — 1.1 2.0 1.55
12.7 455 332 0.14 7.19  2.08
w 965 454 298  0.095 6.47  1.40
@ 22 80 476  0.14 6.2 1.70
® — — — 0.3 2.7 1.42

H: O#L, @Ankara Fit:, @Chicago L, @F L, OFL, Wt
HireREY, OnMEL, OFFERL, @kit, OBURFEL, OR
B, @WRREL, @QFFL, GFHKL
2.2 ZEHRGIHHFIE
VP2 EHIA TR L LS HC REAERT € 15K

R, TR BE M L, =R A HK Y 55
e HWRVESRE L AFAE LT R &

¢, =cy Rexp[—I xIg(R)] - (1
X o 408 17 kN/m?, N et TERIRET 1ME: R4
N 100, 9l AERYBIRILLAE . AR B v R L
RIGAIR, REUE S5 L ZKKERA:

S, =exp(kx1) - 2)
A ke ONBRER, T IRER L, A 2 Xt
TUEREM X Leda L, WALITFXSR:

¢, =cS Rexpllk —lg(R)IxL,} - ()

AR FAT RS 5 LAY, OCR W% I K

M. cu 5 OCR ZIAIFRFRN

¢,/o=aOCR" , %
L, o HIEFHBEER LK o/ o), BEHER 0=0.23,
m=0.8, KBARFEHFEREGEIRE, FHNETUS
ICHR[13]
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MR Ay, Ho i BARRMEMZ CLAY/10/7490
B 5 SH-CLAY/11/4051 Bl e . IR T-E0E, *f
T B 2 o B EARMVEAIAN A, SRR TS
FIMER: co SRIAIBHUN ol BERER, 2HRMRK
KA, co GIBHEFRPRIR R A M, 7E2EkE
WEEY, co 5 L, b REAK, ELEEIEY, c
5L, hEcRE®E,

3 MHFSHHIATHEM
3.1 BEES¥GITHHE

LS E, S EGTHRIE 7 TH AT T 5%
b, HEG— LR

F5~T0R T MR Filgst. bR g
+o B . BRSO xFE
AT = F RIE S B R, Al (2.5~
3.5) X10*kN 5 4000~7000 kN-m, Ji& % & N4
M9 1.0X 10* kN 5 1000~2000 kN-m. £+
COV e BRN0.24; FilFREF COV oy 2257
KA 03, Bk sh, HAh COV cuwn ¥IN 0.10
KA, COV omase T 0.14~0.25, PiHTE R L
5 g e R v B AR K . R i
P, BMEHN 31.63~47 mm/min, A FPEEN, COV
N 0.07~0.19, VLB AN, HEBHIEH LR
fasg. LAREIBMEE N, N 1.67~1.72 bar, L5
BN, BREAFCH 0.10~0.12, XE5AR[EHX H+H
R G — VIR

#=5 BRENGIHESTRRRK

Table 5 Statistical moments and COVs of total force

WX, +F EEHA0*KN)  ARHEE0'KN) TR R
® 3.33
® 2.47 0.21 0.09
® 1.09 0.26 0.24
@ 3.44 0.37 0.11
® 1.05 0.10 0.10

Ve OILs, BRE L O, WRFH TR ORW, Kt @
W Bk O M, KR, (e, THRD
* o6 NEHBEGHESEFRY

Table 6 Statistical moments and COVs of cutter torque

X, £ HEKN'm) AAEZEGNm) BRRE
® 5750 790 0.14
@ 7612.12 1204.28 0.16
® 2082 390 0.19
@ 4540 1380 0.30
® 981 240.5 0.25
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Table 7 Statistical moments and COVs of advance rate

WX, +F PMEmm/min)  FRAEZE(mm/min) AR R

@) 37.52 7.05 0.19
® 47 5.8 0.12
@ 31.63 428 0.14
® 42.99 2.82 0.07

P SEI R AT I g — 4510 . FLENe
SIAT T SR AR AT BTN BRI R 3 FE A A iR A, A
RNFERM ¢ 5375 o Zhou ZEH T RAS R 32 2 21 26
AT RS AME, FERERFEIESSM, JIEHsE
FEE ARG T /AMESEISII g 5 T #
5 S ) BB 7 A 5 1ES AT A
3.2 ZEHEITHHIE

VP2 FHI TIESEC R K R A
fEE L, FoCeHEREEEE v, B HES) F ISR T,
TIBLHETE ny TINEE rev LIRS pes EKIETT peo
AR 5 TR R Z, KRR
UEPZIES I

(D &3

XF TR RIS, HECRAE) 2 2 2 T
TammftE A=

F=pD , 5)
Rif, D NEHEG, pNARRM, TE (A
M ERSERAER 71, BUE 500~1200 kKN/m?*. AR 4
L0 R KO E OHERE ) B BURBENLIE, AHEC 2 T3
W7 R BRI, BRARVE R BE ) 4 N IETHIFE 23 CFOD
JEFCEEEE D] (F) VIO BN (Fa) & BEEE
71 (Fo~ JERCERESIH ) (Fs) FAERT) (Fe).
B, iS5 bR Fs~Fs nf AN IRE R R 2%
Fo NATREER 22, DRd 3 DL (FitFy) e bl 2 fif
HRBS N EHETy, BAHE TR AT A
F=S-(F+F) . (©)
it R A OO B AR R AL (7D, (8); BRZ
JI S RORK % N 2 Bk T B IR IR A (FD Y,
VERAE)E Fe i) L R A R AT V5, $RH T
HIRRIAE (9), (10); WHwmPhKE LA B2 5 AR
JEVERE /7% &k JA R 1 (Fo , $2 i 7S
BOREC (1D, (1200 BRTmmE, bR = SO0k

[19~21].
Tch ’ r
K= 4[M7H+Km+pﬂ¥m—m+me(ﬂ
F,=nlc , ®)
nD?
F=—1[(p, +Ap,)0-m)+ pe’n] » (9

4

F= /Ly DA+ K )H — L D+ 2K )1+ W (10)

D2 AIK?
F.=“4 o™ -+ p1-m] -~ (1)

2

nD
1§=JZH§%r+7Dj— n 7+2AD} - (12)

0

(2) JI#HHFE
FiHh, FETREHE, TIRAETERRA
T=xkD’ , (13)
X, ko N EHEFAFE SR OCH R 2L, B
0 18.9, Wi s A RN LIRJEM G0, %R
B EUE N A 15~30. 5 RHESZRL, BRSVRR A
SYONJIEEIETE S T S ko (R R EERH R (T
TIEEVIHEI AR P2 B HA (T TR A
RIBEEAE (T3 JJERSZ 2 EERE M (T
G| BRI HIAE (Ts)+ Filizk 51 A i BE B 4 40
(To) RN CE e B PR AR (T Ho, T,
T, Ts NEBERZEK, S8MHHERE, St
(RS AT ik
r=8-(I+n,+1) - (14)
= iR 25 P23 o bon) 28 AR R 5456 K B3 1 5
i, BT RERERA (15, (16); FutH™
R TR AR 5 LN S TJ R T, SRR TS
AR (17) ~ (19), BRA-AFLERO% i 4%
[T 7w RS DA & Pl TP: L) s 3wk P s s R L R i
B (2005 RPN R T3 T w2 SR ) e A
PRI A7, BRH T HERHEAR (21D,

T=12T (15)
D? D3
T= " Ky H(=n")+ = (1 K,)fyHd » (16)
3
T = B SQCKyyH+Ap,)(1-1) (17)
2
T, :[KoyHtan2 [£+£j+2ctan(£+£ﬂD—rC » (18)
4 2 4 2 8
T,=yH,D,LR.f - (19)
D’ , D’ ,
T = B S(Kyy'H +Ap,)(1—n)+ 2 (1+K,))fy'Hd ,
(20)
nD? nD?
T =12 1-n)+ b (1-n)+
3
—_— tan o 21
TRLL ¢j (21)
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BLARRRE JE R B AT 20 em4. 33 3 20 B kT
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Tt SEPR I JE BRI TT A, AT DA RS TE PR Hh 75 2 Sl £
PRARR Gy IAHENE. 2 () ~ (&) AN
AR R IE L 2T B 590 FR~990 FAS] (=451 1),
TUE 22 7 i PR T T 4 T 2 269 500~1500 m*>) (451
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