bV RS, H27%, V-4, 2017.11.

TLAY MEEEE LT
X6 M T OD - HE SR

WA AL - B BGR2 - iy &F]E - WY E2f
HESE (&) SGERAHMFICAT (T 185-8540 HAUARE 4y <5 11 AT 2-8-38)

E-mail:itaya.sohei.48@rtri.or.jp

ZERE (AW) SREREGEIRIFZCET (T 185-8540 HUFUARE 4y <7 L HT2-8-38)
E-mail:togashi.yota.93@rtri.or.jp
SERE (AW) SKEREGHANIIZETT (T 185-8540 HUFUARE Sy <F i ¢HT2-8-38)
E-mail:nakayama.takashi.61@rtri.or.jp
MESB (AM) SRERAHEIRIFZENT (T 185-8540 HUALHLIE 4y <711 MT2-8-38)

E-mail:okano.noriyuki.41@rtri.or.jp

PEHI T O Mg D S FEE ERIAT 5720, fEk, BRxRERMTONTE 0, HEknE oL
TIE, TRETHIICHRFENTI 20 o7, ABFZETIE, FEBRHITIEIC X 2 888 FREME & o i T8y
DHAEDFES % FEHEICH L CRMET 57290, HTLWEREBEZBRE Lz, Z0EREET, H1/5A7
—VOHIE &, PEHIEEE R X OBRETIC L v ik S, EHIEEE O D > ¥ — RN SR LT ET -
A - BiBENERMN L CTIERETE 5. ABRacix, AT 27 UL ENICE KW = 10 % CTEHW %
frooE D, HRHE - HEEERZIT O 2 LI L MO 2. ZO/R, T—¥% —Chliisd7-
By BT X0 EELEBEATETHY, BHBEOWRORET &/ MDA THERELTHETESZ
LERBER LI LB, HEEMEmEIRE O OB R, JIRRCHRIRFTRE A T — & 0 b BRI

WTEDLZ Ebhrol.

Key Words : underpass, tunnel, rectangular shape, excavating test, surface displacement

1. [FL&IZ

I > R ARBIRE O M D S5 B 2 3 % 7= 01,
TIVE TR A IR TN TE T DY . BT, 2
B, FARLINTLY, BTIRFIFRICED bt
B BRRES, TV SRR OB e £ A VT
TN TW5. Kirschetal. Nx, Z—EEDT| X EHRIC
£ bR AR RS 5 ORI OV T IR
(Wit a7 > T 5. Loganathanetal. 9%, o /L &b
O EVERIZHOWT, IRENC X DI a1 U 72
% T T23m DRI SEBR ) 5 SE R DS T) L~V Ot %
1ToTCW5%. ZOXHIZ, BHEOBRDIFEALTE, H
TEWIm O k> R UWEHNZ T2 D TH D, W< DO
BFODCIE, R b EmIN, . £, BER R
FIREIOET Y 772 E99, g oiEI TR A
W BITHONTWA OO, N OIHIIC XL 5
HAE DR LTl Hiciat s hcng L ids
VN,

—05, EEEHNE &N IIRET D b R VORI
LT, I, PR 2 2 LT AL 5 1k
Z W IEBHINE L2322 < Ao TnaPD, Zhbo
TIETIE, =AY N EMHTN DB OHE ZiH] - HE
WS 5 Z &0, FERWmmiaHIC L 5o J)yzsih 2
HHRT D ENEELRSTL D, ZOL I RBAND,
Takahashietal. i, =L A hOEHIR L OMEEE €T
AL LT-FEMIST 24TV, MRS G- 2 D 8088 & 2 fk
AL, SERWE OAREIILZ B2 s~ DR B % SR
ENTHRRT L7235 RT & A RS- 57200,

AMFIETIL, BRSSO TIRA 3517 2 HivE
DB RS D72, HIEHEE 2 3EH] X 287 L
UWVEBREERE AP U7, YRZEEIY, oy X —Ey M
fMEEN3HMOEBEICLY, EELBR AT
5. ARErClE, ANVT 27 U v REE G, BER LT
EFICL D, =LA NOHEER T 28 U7 HH] - Het
FREAT ST D THRET 5.



FE1 FRIEEDIME

N R e =T HA R
| hy—
CL— S e e e —— ===
N —,

i 7AY— AAE
1500mm
-1 SEEREEE OB

wEE TS hvs—
A v

3 30
200mm|— =} =] — — e CL

P g

~ N
~ ~ry

NS
g

250mm ~ 200mm’
X-3 YPifhEoNEE

(b) N F‘@ 2 EMEEEOHIE
s BE 15 L0, B-UC, FUME 2 N 55 L E

BRIEE AR, ZOMEEIL, B-UTRT X 9 ISKIBA S
— LSS L R IC K> THERE S LTV . Bl %
HHICX B0 v 2 —%, FEFEOBRIIET, N K
T Ko THEARAE R DOIH NS L CEMERTRETH
5. B2lr9 X9, N RuvidthyosrvaAf s b
ICEoTHfE SN TR, A, AABIOETFHAC
MSE L CHIECE 5. BB8ITRT X 91, IEITRERIT
20cm, FRMEURHE1330°CHh B,

ZO¥EEE AT, AT 2 ) VR X B BRI
DY - HEEEBRZ1T .

3. {EHI - #HEESRER

() s
} HULIBGEDT=DOT L A 2 bOHEER T T3, Hiig
B2 AR ERny Z RS C@F R g e A bV o THEET B, 20N

AR, OFAMEDY ORI, OFF pgpha e BT, BARTE D 200 -
IV & DI E




I./_-U-_ﬁ‘flig-l- \l 7‘7 IJ }l/:t%
INEIR A S | :

200mm # - 200mm N| ##E ep

2%z VAT )

X4 A HEEIROBE

FH2 {ufHaEIBROIME

®1 DO

S ONRL 3 /D WL B A K kbt i [ oD B
pdmax(g/cm3) pdmin(glcm?’) Wopt(%0) W(%) Dc(%)
1.65 1.337 14.3 10 90

HEFRZ I L7, HEEEITAICEE L, s
IRV ACEH BT 55 Th 5. T8I, Mo
—HC20emlU S5 OB A A L, HEHIZEE A RACE
DEIE L oo T A, FERIEMERTIZEE 035> & O D
RSR[5 < T2, IRHIRTNCIEB NfE ECE - T
FERIIBA O O BIAE AL ORI & HRHIEEE OALE A
HEITV, BB L7220 ) BICHEI 2175 . 1L
ATy THTHRHNZ20mm T O TV, HREIE T2 A
% 20mmiEHIIEEE O I KB E S & 5 2 & CHfeitE
AT, HEEE & HEER IR moOREEE AR CRIZRL,
HFRHE O LOTEELN & L— =3 CHIET 5.
HHIHIE, LA T v 72 LIRS TR L, it
BE2RE L. 728, AV A ZI12 X0 9P A I8
BCE DG THEBRAEITT

77 U VAAE AR U T AR R TR & R .
R-UEHW ORI &~ . GKiEwE, BE-3IORT
EOITHERD A K E I —IC LV IREE DT TR L
2. BEAIRT L OIZ, HAEOS0mMI & 12D = 90%0D
EIGCREBDEIToZ. 2B, &KEw = 10%( 3 i
KL DRI E L, B OB bV IREED R C
L9

(2 KR

RSIZhi T AT v 7 EHEER ORR A 7. RSB,
A A e K C200mmifEE L 72, BESIE, KAT v
B DN ORI A 7T, YN oORBUE, VR
7 %l U CHHREICHER TE D 2 2D, YRmEOMErER
PRAFEEDZEENHY I T X 12 > TEBRINICIIRTE 5
AREM AR CE L E R LD

H-61%, i L AT v 7 =& Ot &ER IO HEIL T
BOBWREZ R LTS, FHEHE LRI & FEFE
CCoh DIz, FHlinE Y OIEIZNEENZ Ttz Z &7

FE4 Z2XED (@Y7 Y 50mm TIHE))

D, —77, KEEDEENN0%D I F M7 MRS T
DT, HREEMIIFEFINSWVETHDS. AT >
T5F TIRIE TR S, ZORITHREI BRI S -
iU, HiFRmEOFHHLS ) SiEWIIAOE T AT~ 7
WZRWTIE, HMEOREAIC X 0 MR m2sE 92 Dlxt
L, A7 v 7R HEERNKE R, BAEFORE
ST 2 8T, M7aHiE s AW 2 52 1 HERER AR 3
HZETHRmEMNELE LI EEZDND.



A R (mm)

200

150+

100 +

50+

0

HEE =(kg)

Hh 3R EE T 2(mm)

R

®5 27 v 7T EOHBER

HEAIAT

ATv75 ATv710

BES5 /NI A ZIZ KD OIPHORBL

15

12}

ot

6l ]
ol HERLE

. ‘ . mEtE

0 1 2 3 4 5 6 7 8 9 10
0.08
0.06
0.04
0.02 -
0.00
%12 s 4 5 6 7 8 9 10

ATwF

H-6 27 v ZEoftEl I UHREE N E

PLED X 91T, FEBREE ) 1 L O BT ) A #at)
ICRBITE D Z LR TE, ST aTREZ2 LD
BRI Z T CE 5 2 L bFEIECE 2. 511, BK
HeZfERL L, X0 SRS R O R 21T O &
LI, KT HEZ VIR E Y, JVFEMA T —
JATEOCHBE D2 B 21t LTI PETH 5.

4. fE

I > R NARBIIRF O MY D ) 7258 2 B BN T 57280,
K IR ERM SN CTND. L LG, B TR
WIS O fi TIZ RS9 2 HEWEEHI DV Tl 4iEHI
ORI LIDOFEFCHIFR N G- 2 DB Y, £ DEN
WEZHFITRF SN TV RN K D TH S,

AMFZETIL, B TRASAEE O TR 5 O
LoD )28 2 @MU ZRHI S 5 72D,  FETEHTH & #H ©
XD UWVEBRIEBE AR L. £/, FIFEBREEOmME
AMEOWHERD T80, = A MM L a4 L7 -
HEME IR A 520 7o, BRI SRR [E D 7- B %
HAWTE L7z, ZORER, HNC K29 mokRiEZ:
{LZBRIZ IV A T CRIERTE D 2 L &l T D& &
BT, WIS RO MR OB R E A, JIFHNC iR
AlRE72T — X D ERINICHER TE 5 Z E¥biro Tz

A0, BRI TRESEE O e TRFOHRE] A 5 = K 2
RS S Z L, TS OHE D )R E A iR
A A7-6, L0 FEMERIZITMEWEKEEE L EIC
PRI A % - 38R 2 D TV TRETH 5.

HiEE

FEROFER ZHITEN. BR) ¥ = A T — /LR
V=T IO BRSSO B A R

SE3

1) Meguid MA, Saada O, Nunes MA, Mattar J: Physical mod-
eling of tunnels in soft ground: A review, Tunnelling and
Underground Space Technology, Vol. 23, pp. 185-198,
2008.

2) JRNLACH, AATE, FEHER, PSS B TIRFER
kD PR BAEREAZE L Fr R LB LD
JAD Mg D N O, LR CE,
No0.694, pp.277-296, 2001.

3) KA, ANTE, FHE, RIACH o bRV
IRp D J) AN B3 2 3Rk FIRRER & £ ORLfE %
M, TAREEFHICE, No.750, pp.145-158, 2003

4) Kirsch A: Experimental investigation of the face stability of
shallow tunnels in sand, Acta Geotechnica, Vol. 5, pp. 43 —
62, 2010.



5)

6)

7)

8)

9)

Loganathan H, Poulos HG, Stewart DP: Centrifuge model
testing of tunneling — induced ground and pile deformation,
Geotechnique, Vol. 50, No. 3, pp. 283 — 294, 2000.

Davis EH, Gunn MJ, Mair RJ, Seneviratne HN: The stabil-
ity of shallow tunnels and underground openings in cohe-
sive materials, Geotechnique, Vol. 30, No. 4, pp. 397 — 416,
1980.

Komiya K, Soga K, Akagi H, Hagiwara T, Bolton MD.: Fi-
nite element modelling of excavation and advancement pro-
cesses of a shield tunnelling machine, Soils and Founda-
tions, Vol. 39, No.3, pp. 37 — 52, 1999.

Shin JH, Choi YK, Kwon QY, Lee SD: Model testing for
pipe-reinforced tunnel heading in agrabular soil, Tunnelling
and Underground Space Technology, Vol. 23, pp. 241-250,
2008.

Champan DN, Ahn SK, Hunt DVL, Chan HC: The use of
model tests to investigate the ground displacement associ-
ated with multiple tunnel construction in soil, Tunnelling

10)

11)

12)

and Underground Space Technology, Vol. 21, No. 3, pp. 1
-6, 2006.

Nozawa S: Reduction of the Cost of Construction in the
Space Above and Below Rails, JR EAST Technical Review,
No.4, pp. 23 — 28, 2003.

Zhang D, Liu B, Qin Y: Construction of a large-section long
pedestrian underpass using pipe jacking in muddy silty clay:
A case study, Tunnelling and Underground Space Technol-
ogy, Vol. 60, pp. 151 —164, 2016.

Takahashi H, Komiya K, Akagi H, Nakayama T, Ohashi Y:
Finite element simulation of construction processes of a
mechanized HEP & JES Tunnelling Method, Proc.
EURO:TUN 2009, pp. 31 — 36, 2009.

(2017.8.11 1)

EXCAVATE EXPERIMENT WITH RECTANGULAR SECTION SIMULATING
ELEMENT PROPULSION

Sohei ITAYA, Yota TOGASHI, Takashi NAKAYAMA and Noriyuki OKANO

For understanding a mechanical behavior of soils during tunnel excavation, various experiments have
been conducted. However, the influence of rectangular shape excavation was not sufficiently investigated
by previous studies. In this study, in order to evaluate ground relaxation during underpass tunnel construc-
tion by non-open cut method, a new testing apparatus to excavate rectangular section is developed. The
testing apparatus is configurated by metal lining scaled down by approximately 1 / 5, drilling and its oper-
ating devices, and it can be movable corresponding to rectangular tunnel face by three-degree of freedom.
For investigate the deformation properties of soils during excavation, jacking and excavation test is con-
ducted by a small sand box using Toyoura soil compacted with water content w = 10%. The results demon-
strated that the excavation can be stably conducted using the cutter rotated by a motor and the tunnel face
observation can be also stably conducted by a miniature camera.



