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Centrifuge Model Test and Finite Element Analysis

of Earth Pressure around Adjacent Shield Tunnels

Shigehiko Sugie Shinichi Takahashi

Kazuaki Suzuki
Abstract

The opportunities presented by constructing plural adjacent shield tunnels increase with the road
infrastructure of urban areas being shifted underground. An evaluation of the loadings on the shield segments
under various construction conditions is required; however, the characteristic of the earth pressure behavior as a
result of the interaction between the ground and the shield segments is not clear. Therefore, in this study, the
characteristics of the earth pressure and the member forces exerted on the segments were examined by using
the centrifuge test model and an FEM model that simulate a case wherein two shield tunnels were adjacently
constructed in a horizontal direction in parallelism on a perpendicular each other. As a result, it was confirmed
that the earth pressure on the adjacent segments placed between the shield tunnels reduced remarkably, and this
load reduction contributed to the reduction in the bend moment generated at the segments of both tunnels.
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Simulation of the shield tunnels excavation by using Finite Element Method Analysis
and Process of Calculation for obtaining Earth Pressure

WAL SIR Y, MESTHMUZEIEY ST TR Y, Bk
#iPH TETOME OB MICEIE T 2 BRI b s,

3. FEMBHICKPEBEILTEDEEFIE

170 JIARTR SEBR OB A T A SRR OfRAT A >
Va bLELOENHEOHEEFIEEZFig. bITRT, 2.0
1580 J) RS SEBR T D 100GHaf IR D RIS ) & x5 & L7z,
FEBR T T C 3R ST 28T D N B 2 i S
T By, RN CIEZHM O E O HAF TR A HIBR LT, H
BEIGT E IR B RS 5 2 & TIREIOIG DL E
PR L7z,

T IT, HOBIEAIS T Tl T, BLA~OER L
JEVX, BLOE & ERE 723 )70 HERS & R
OFERDZTH T TOfED LT,

MRS L OE L (v = VELR O OMEHERE A
Table LT, HIAE oD & OB I T — Ml £ R BR DfE R
SN BT FERR T34, 5nn/E & OFE A F RN
72728, 100G DOfENTE T /L CTlI s = VEEFRITE X 45¢em
EHAM ORMIMEE 5 2 T Lo, e — FIZi
GRASP3D" % JHu 7=,

4. L—)LFEXTOERAXE

4.1 — )L FEIRIOHAER H

FEMFEHT C1& & v 7= 2230 J& 30 O i) 7] & Fig. 6127
T, OFRZEIR A BT 72 2 & & A RIS o W BhRRE )
b OB R « KFEDKIGSIH TR LIS D TH
5o SREISIIE B - TBeZER & b IZTHES - JEERALE T

Table 1 H#EI L O —/L N8 L OMBHERAE
Material Parameter Values of Model Ground
and Shield Segment

(Hh 8% : Drucker Prager FRIREL#E)

ERHRE 13%10°  kN/m’
K7L 0.18

#5551 300  kN/m’
NEREIRA 0 deg.
B AEEE 17 kN/m®
BRI+ F R 0.22

(BI : WR)

TR 21x10°  kN/m’
R7IUL 0.3

EE 45cm

Wb (FATHRR) LTRBY, FRomZERicieEni-H
WCIEHBERRE N, Ez EBZROMERE ) b T Bz
AT Tk (BRa R BNELTWD, KER
TNZBWTHIGTI DR E L - TEBRZEROTEL « EHBAL
L W 2RI EEE N i I CAE U T B 28, 2SR oM
O E TS AL TWa, Zhudy—L K
BLIBEOFMIRICERT 5 2 &2 X 2 il 0%
EIZES LD TH B,

4.2 BIICERAT2EBAROLERS

BT ORI RRE Sz HERHIE T a7 o
TR (LA, EREE R 2% FE9 5, BB -
TBEDZERANEIZ BT DIER RO & Fig. TIIRT,
BEIZ LB (TE) (EO—/L R2EREZ R TR -
BE OFEMRHRME % 0F 3 %, F WO RIS /1 CofE
EERTMZTND,



KA TEIT ] No. 72 PFRR > —/v B b 2 v 0 HEIT B 2 it 0 A5 S2 8k & FEMf#AT

CERER b il
CEEERT DA

LBRE RO
5 TR
BADBLHKE Sl

8l (ZABER) ////

0 164 200 300

fERLE fERLE

kN/m?

—— RGN
LB - FTREREH 23 LB - TERZEREY
—O— FEM —O— FEM
® EDMERIRER
| LEBZEROHIEH]
L BRERO ARSI —a— FEM
—=— FEM

(a) SRIELHIARIG S

(a) FEXOZEimfrE

(a) FEROZENE

- BRERE IS A
- BBRE  BARDE

ERANIZED
IS5 h g i EADFDHRE N
fElE (ZEiRIBEED)

RE (m)

fERLE

0
kN/m?

— M H —— DA
LB - TRZERIEA 33 EBR - TREREH
—o— FEM —Oo— FEM
® EDERRER
s | ERERADHIEHI
TRERDH R —=— FEM
—=— FEM

(b) ZKF-HIE /)

Fig. 6 bk /L0002
Changes of Ground Stresses Around
the Tunnels by FEM

(a) D LE:ZE % % L, FEMTIEE LoWrmas M5
FIPRICEE T 5 2 LIS, BLOTER & T Tid L
JER WA DA > S LT B, E Tl HEA 0 &
DHELTREY, ZRENCIF LIRTKIORBENRRIN
TWb, £, TEBEROZENE BT 2 EH Tl LEOR
DIRREV, BAEOEREIZBNTS 26 OMEM A
BHOHIND, (b) D TFEZERIZBWTHEROME TH 5
WEREIANIDTH D, FFICBELOEBTIIZERR
DFRIREMEDFRD BT,

4.3 BIIERYSHAARAOLERS
BTEHICETIHEFO LTRSS (L, HELE
ERPRR) RIS 2 Li3EE LV, FEMIC K5 FE BED

(b) T Bt D2

Fig. 7 BLLIEOERIT MY
Normal Direction Ingredient
of Earth Pressure on Segment

(b) T Btz RN

Fig. 8 BTLIEDOMEF Y
Circumference Direction Ingredient
of Earth Pressure on Segment

AT %xFig. 81T, MEAT 2ME ITRAICRTERIC |
ETETmE@Y, FETIEEAEEY THY, KDk
R & [FERIC B T 28R OFE FLRICE TR S ¥ 2 851218)
WTW3B, FEFEIZOW T R & TB D22 D i
I LD BITERTEDE AT TIEND,

5. Y—ILFEIDEMA

51 BIDERELBMADH

FEMIZ L A58 LR L )10 4 & Fig. ATRT, £
BIZET VAT — /LI L C30fFIZIER L TR LTV D,
B TEROBTIILEOIFFC L W HEREREL 2o T
Wb, —F, MEOEITNS W, BTERIIME



KMALILATIFZEFTHR No. 72 B> —L F b o HJE

FE (m)

W2 B89 %30 IR SR & FEMFRAT

LB - TERERER
— FEM
0 EIMEERIER

ERRZEROAHEH]
—=— FEM

(a) EB:OZERALE

(a) FERoOZeiRfrE

BIDER
2HFE—A2F

BIFE—2 2 b
kN -m

7 4|2

2#IFE—A Y M
ERLEICKD
REH

ARLEIZLS
RES

%E(m

82 . -~

(a) EE:DZERALE

8 - FEZERIEH
FEM Rl e
® EDEBER

TERZEROHEH
—=— FEM

(b) T B DZEFNLE
Fig. 9 BLOEE LG 51h Fig.

Deformation and Axial Force
on Segment by FEM

OFFMARIZER LT D,
WNIELOEIFROFEHETRLTEY, E1a
B CIEMRIOMEA S STV D, HEOHMABIRICETE
THIEITEY, WINXIESS - AT A~ TR A
IMTRERMELIR>TND,

5.2 MIFE—AY FDH *ﬁ

EE: - FEEOZEALE IS DETOMIFE—2A2 b
ZFig. 1012589, FEM, 3%5{)?&%) i TOMRS LT

WRICHEAME GOMAICEI9R) , TEE & B O Cl3E T
ORI THIIE OMAUTERE) &722ifE—A 2 MR
AU TEY, BLOMBIR?BHEOFEMIR~DEFIC
Ul izEm LT D, HiFE—RA Y hORAREIZD

(b) TEXDZEHRALE

10 BLOFE—AL R Fig. 11
Bending Moment on Segment

‘0 200 400 600 800 1000,

EIDRER
2HFE—AT b

BHIFE—* > b
kN -m

SHFE—AD
HERLEISED
FES

ARALEIZES
RES

(b) TE:DZEHRALE

BTOMITFE—RAY F~D
HERE - BEHEOK Sy D&

Contribution of the Normal/Circumference
Earth Pressure on Bending Moment

WTHFEM & FEBRIZITVME & 72 > TV B,

EBE (FBY) ALfE o2 2 Bl Car i 7= 56 OFEMGH A
EEFERICINZ TWS, BTAKICHBWNT, 0k F

2 BB F 5

IZHEANTNESWEE 2> TV D,

L - NBEZEE O B 08 TR LE A B
TSN LICL 2D TH D,

5.3 ARLIE - HHiE@%& TDEHEE

Fig. 10DFEMIZ

#H LERATIC ié%éﬁ

DOfFE— A v MIEZEROSE
ZHIZ4ETRLEE

SROEA I

HEFE—A Y N, EREMAED
Ty F CFig. 1R d, ERIT

MiFE—A L FORKETHD, HLERSITL HITHE
TaREROFREINRICET S 2RI < 720, KD



RIMALEATFTEATHR  No. 72 Pk > — K b2 v T B % 30 45 F2 5 & FEMfRAT

—— AT
—o— Rtk

—e— FEM
(FEREROAHEH)

ZRE (m)

FE ()

— PHIHERIE 7

—O— B EX 35 —O—ERAEX

—e—FEM —e— FEM
(FREROHEHI) (FERERDAHEAD

(a) ¥EMITIR O LERSY

(b) MJAJF 1A D L ER Sy

(c) BLOWITFE—AL b

Fig. 12 EHAFHEEICLAERLE - ihifE—2 2 b E DO
Comparison of Earth Pressure and Bending Moment Between FEM
and Conventional Calculation Method in Design Work

i€ — 2 v FOSMIERKIZRETH D, FEERITME
THEICED bONERIEDO b DE ERIDFER L o7z,

6. HRETOERFEEEOLR

BIWEDOEAEEY TiIFig. URTRESME
BHVNLNATWS, 2HFP, Q (b WiietEs LHFE
RN BE LT A ) , KFEFEOKSIMERZR S
WCBLOABEGLEABERANPGEEMEL LTND,
INLOTMEEBET (L0 M) ICERES 2T\ 5,

EAHEE COBTOERLEEMIFE—A L M
FEM (HPRZERE) OFFEM & ik L CFig. 12127737

TEAFHRIECIXB T OIEES « EERA T O G 7 23 i
BENDZ I L DMERBIZRAENTW Y, 20
SRAEITEBRDZETD & 1T E 2 > TV B AME RIS
REOEIERET LR TERFEES THOY S LT
b, ZOMELELEEE TE HFEMCEET, ERITm O
TIERSIERE D, MEF MO LERD IS OO
Lo T D, ZOMHEFEOE VB LORERM 71
25 2 28 IRE < 1AL CIIFEMIZ TR
E—A VN, LT AW T20%RRE KR X HOMHBEE
v,

7. BbHYIC

IV RREWZIEHE LTt TSN 5358 0B T.OE
LT &AM I OFEZARD =0, - T28
D T 223 % A5t U 7255 O AR J2 B & FEMARAT 217 -
7o & T TH—ZRAOHH OFEMENT 72 H ONZFREHEB D
EAFRE & Ol E M2 T OfER 25T,

D E - T 2BoMBLERE#RE Lo A% - 2

& AsidEE U T-FEMEAT CI1%, B ToOERLE &34
HFE—2 v PR EWZELSES L,

2) B LOERLETER T MORRS (ERELE) A
Fiopksy (HEEE) Licairons, k- FT2BO
OFR DR BITFFIIEM LI E CHMEICA T, 2SR OB
WA OERR LE I B — 28R OB AT R TR E < B S
iz, THIC KV MZHRAOHE LOREMITE—A > M
H— 28R DA A TE TR T L7z,
MEMELIELE B LTI E iz —v RELEMERD
DHEEORMIRICEE S A @E, thifE—2 2k
FHE~OFGIIMELEDOFNKTH -7,
DERFEECIIB T OIESS - EE AT o MRS 7 ofif
B & A RFEEEIT A TN TRV, 2O ORELE
{bEZETE DFEMICHERT, EREEOFHlIEAE 9,
M EEORMEIX NS &2 otz, ZORFEFHEOE
PDELEMNFEEICEZ 58I RE L, EHFHRIET
DOFE— A 2 MI20%RERZ DIZHE S L,

SE

DEARYE PV I¥EERERS BiNERES v
R vl TR BT S  — /b R R ROl
TR EICBE 9 D AFZE P A &, (2005)

2) EAYE PRV IHEERR: b RUVIRRERTHE,
=)V Rk - [AfiRaR (2006)

NET - /i - Akt - [H : BEHRICRT 'S AV
FRFHI W 2 MRS R BB T 5 — &%, o
LA, B516%, pp. 295~302, (2006)

) RT3 T HUR /R K R AT " 77 GRASP3D
DFRAT B & b+ 0D J) 3BT~ D S5, KA Al
TWFZETE], No. 51, pp. 156~22, (1995)



