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Robust Design Method of Water Conveyance
Shield Tunnel with Double Lining

HUA Yushan'?, HUANG Hongwei'?, CHEN Kun'*,ZHANG Dongmei'*,ZHANG Dongming'-*'

(1. Department of Geotechnical Engineering, Tongji University, Shanghai 200092, China;
2. Key Laboratory of Geotechnical and Underground Engineering of Ministry of Education , Tongji University , Shanghai 200092, China)

Abstract: The construction process and mechanical characteristics of a double-lining water shield tunnel
should be considered in the design, and the uncertainty of the stratum also affects the safety performance of the struc-
ture. Therefore, combined with the stress characteristics of double lining water conveyance tunnel, based on the limit
state design principle, the two—stage method is adopted to calculate the two force states, which include the outer lin-
ing bearing the external pressure alone and the inner and outer lining bearing the internal and external pressure to-
gether. The section force, convergence deformation and the maximum crack width are all constrained in safety. The
cross—section robust design method and the process of double lining water conveyance shield tunnel are established,
and the structural design parameters are optimized combined with the actual engineering case. The results show that

the robust design process takes into account the sensitivity of the structure to the variation of stratum and the cost of
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materials, and introduces the constrained multi-objective optimization algorithm to obtain the complete three—

dimensional Pareto front surface. The two—dimension optimization of cost—robustness was realized by unifying the ro-

bustness indexes under the two limit states by the weighting method. By dividing the tunnel into sections and extract-

ing typical sections, the problem of parameter variation in different longitudinal sections can be effectively solved to

ensure the unification of parameters in tunneling and tunnel safety.

Key words: shield tunnel ; double lining; constraint ; multi—objective optimization ; robustness

T LA T R T 2 00 T K BT Tk
AR A E B K B TR A K AR 2
AN TEZE G 52 ) A8 35 05 TR AT BT AN [R] . XX
2 Al 1 i 7K R R ) A B R kL E AT
B2 WA R PE BT I ME LU 808 A
SRR E VEXT G540 22 A PR RE I 52 ) . B B Pk Tt
(A& HT Taguehi B X BT B 42 il R GEHE T, 32 22
TR 14 ) R 3 2o A R AL A 1 BT SR AR 7 R Y
o I IS E L IS TR A s L T RN Z
ANGTUEAG BIHE T FI K R . A R TR E RO
(Robust Geotechnical Design ) iz i il Juang %2 #2 1,
I T ] 5 B B8 53 0 R B AR 1 2 i G
FLHETEAEEAT T BBt B2 T e B B i
BT . B AR AESR N T 2 Rk i & 45
PEVCTHFIRE T 450 < RO 38 AR KT PR 5 125 %
TP B IEAT T BRI . Gong SR FHAELH
B PRI R M 2 S B0 78 S R R B S A
T HEAT T BT, I B T R ] SNR AR S,
Fo B ME AT AU PEAN 5 S . Juang 557 R FH L TR 4K
ST 1 2R G e o A v 22 AR BT SR 1, X B4
P EAT S T . Gong 45 1 i — 2k B WL 7 440
O 1r) 3 J2 AR SV BT T R B TE ) BT T
AR . BT, SR X G 1 R 1
TEAWIPEEE H , Zhang 55" 51 X6 & A4 % 1 (%) 504 Jon [
AT TARACTETT, 180 X A 1 K A 1) A8 A 52 B
T Fe R R B R T B AR . Ei )1 O X R
728 D AR B T 1) R DT TR AT T B RO, S T
THTJEE R Sk MR AR A SR AL

A SCARFEER VT = A UK B IC B TR R VD Sk
BCRRTE , 455 X2 R4 7K i A B 18 e A 2 i
— RO WU Aol ) i A ) B 1 P B T U
PG 51 AR 2 H ARG AT ORAG KR %, 3745
SERE Y Pareto BT, SEBL T R G5 A L2 AR EOR T,
Xof i T 1A AR B 235 R T P LA

1 WEFBEEKEHRERE S &R

1.1 BHBEIRITAE

JE G BESE 58 PEBETT 7 ik 2R B TR S
BB 2B Pk RS EE MRS 4 LA FROT
BRI AR TR 22 B B B S RO,
A Ao 7 BE A PR S R O A
RE ARV ) o2 4 AR, SR A VR L 9 e FROER
VT 2 AT 45 R 2 A P O RAZ B 25 T )=
AR SRS 45 12 P RE R

T AR R RE ST 7 TR MR S KU A S
e SRV R I e W R S K
Ji 207 BN R B A R 302 S5, T2 R HIHE A5
TYZRAE b JZ 2 BN 0 1, (H 30 J2= 2 i B AR o3 A
A IE AT 22 BUE AR A AR KA i, M LR &
PR R AR

BRRIEBOH A A JE LR S R0 28 etk
111 L5 B S B T Y s PR )R S5 40 it i
PEAE Sy — o0 AN AT 5 2 U Pk 0 BB A, IR
i AN [l e 2 ER AR XS /N X T 25 ) B
P, AT SR A0 R S iR 1B , SH AN ER S
8 S5 P P R A R T s AR AT 5 4 A R T
HABRIMA (R 1) — AL bk, AR T i
MR (RG22 M, HASCB S A BN, B
E MATRBTAN R AL S P 1 RE T 5058, o At e B PR 1R BE
TR . TELER BT e LK HAR % 4 R B S5 2R
RO AR — BRI BRI YT, DAL, 7 G R B T ik
Hh, B — 3SR R 1 R A B D0 A A A2 ) 45 4 )
HRBEAS . AR A WA B L) F AR, ML ST
14 5 F ARG A IR R A 22 H A DG A TR, DU mT e ot
WA TP PE R R . X T I 2 Tl — e B A
SE MR AR , B SAS TN P R foe (L B B 25, T
SEAFTE R IR AR , AR AN [R) 23R e 45 5 it 4 19



59

FETAZ A  BUZFE KR R 1 & BB 7Tk 147

B SR S E PR T A AT AR R RO A A
L, B M 5 1 T DU g Ml S e s+ TR
SNBSS BUE LRI RE TS, R RE A8 A R0 AL s
TERAS , 312 1 BTt A [R]85 W P 415 s =2 ] A ASUA 5
A, BT E RS

A —_— R
- %%2

B2l

v

SN S HUE Sk

A1 &HhrrER

Fig.1 Schematic diagram of robustness
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Fig.2 Flow chart of robust design of water conveyance

shield tunnel with double lining
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Fig.3 Joint element
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Fig.5 Equivalent internal pressure load
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Fig.6 Construction stage of water conveyance shield tunnel
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Tab.5 Values of main formation parameters

-1 SO 1V S S 7 VAR 8

HRHLE EREm FEC P
GHO+000~GH1+160 25 0.67 2.65 0.4
GH1+160~GH1+640 30 0.60 4.00 0.6
GH1+640~GH7+386 38 0.50 4.66 0.2
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Fig.15 Comparison of two—dimensional Pareto fronts
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Tab.6 Optimized results in different formations

X B B h,/m

GHO+000~GH1+160  0.24 1.50 0.25 2.55 41

Pl % h/m p,/% D, /mm

GH1+160~GH1+640  0.28 1.50 0.25 2.27 43

GH1+640~GH7+386  0.30 1.45 0.32 1.76 42

A R 0.30 1.50 0.35 1.76 43
PR, 0.30 1.50 0.35 2.24 41
4 & it
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