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SIMPLE ANALYTICAL METHOD OF GROUND MOVEMENT DURING TUNNEL EXCAVATION

JE 3 AT Y- R BB R
By Toshihisa ADACHI and Takao YANO

This paper presents a simple method to analyze the measured results of tunnel wall

convergence and of displacement in the surrounding ground during tunnel excavation.
This method is based on the assumptions that a circular tunnel is excavated in a two-
dimensional ideal elastic body and that the vertical stress is equal to the overburden
pressure, We can estimate easily () the directions and values of the principal genuine
mountain stresses and (2) the elastic shear modulus of the ground from tunnel converg-
ence measurements. In addition to the above () and @), (3 the absolute movement of
surrounding ground and @ the approximate extent of the inelastic zone caused in sur-
rounding ground can be estimated also in the case of the extensometer measurements.
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Fig.1 Stress condition for a circular tunnel.
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Fig.2 A circular tunnel and the convergence measurement,
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Fig.3 Relationship between strain ratio and direction of the maximum principal stress,
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Table 1 Condition of a tunnel and the results of convergence.
Tunnel radius R=4.0m
Overburden H=210.0m
Unit weight y=2.60tf/m?
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Poissons's ratio _
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Fig.4 Determination of the stress values.
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Fig.8 Installation of an extensometer at the Seikan Tunnel.
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Fig.9 Evaluation of measured results at the main tunnel of
Seikan Tunnel.

LT EHEEZINS,

@ WEShIZEREHREEDOZHDMEIZ0.83X
10 THdh b, p=325t/mMr52%%, G=1.96
X100tf/m? LHEFTE S, v=0.3 ERETNIL, ¥
FEIZ E=5.10X10tH/m* &2 5. zd5, ZOBAIC
Y A VEBRILENCEMNEERBL T2 5 G
DOFBIEZ 1T 5 BEILZ L.

® Fig.9» oMo kHiz, EEROBHERBIX
TR TR, BATIE u,/R=1.7X1073, ¥/25bb,
Ur=1.0cm ABLARICBELTVB I LI 3.

(2) DALEISHPZRTDBE

a) @ hHE
1.0
8 =0° ® No.5
(180°) 4 No.2
0.8
<
: g
§ 0.6 =
r\E ~
& -~
“h 0.4 =
:,i-l . >
= g
=
x 0.2 =
= §  60°(120°
0 o
~0,2
-0.4 %

Fig. 11

Normalized relation of (u,/R)/(%+/R)max~ R/ 7.

JEAVARRS 2

2. TRTFig.1DkHiz, ZIRTTRS 138 D PR AR B
MWNAER ROAFE P AN EEYT 280 5% 2
5L, B ur 4% b ANLER R CBULELOER
(5), (6) PorRDEIITKTE B,

%;=;%[u+am§)+u—aﬂu+xwé)
_<_) ]00820} ............................... (24)
T=161=a[x=D(E)+(Z)]sin26-(25)

HAEAMEZE FIg. 10D L5112 b > AVEBRHICDH
BEULIETE. COBE, BREAEAEMRS u, 155
HRRCEA2HBIMPITHY, HAENBIESRA
BB u, THUT X206, R (24) OsEELL
k.

3T, BB T RTH b v R VEENC & - T Bk
BICEBHLILEE2E284, (24) ITBT,
ur/R WRABEEEBDIE NV FVEBEH r=R T, »o
BRREGNER =0 DL & THB. Tibb,

Ur Ur
(B =7
CORKETR (24) OMANEBRTZETC Y, a, 8 %

NTRA=F—dL U, REbah- S ESR
(4+/R)/(Us/ Rhmax~ R/ 7 BRHS Fig. 11 O TR DS

9=0"

. =i l1+a+a—axl-(26)

. e
N

Fig. 10 Installation of extensometer in the surrounding
ground.

1.0008 0.6 0,4 082
o oa ®

| (e) R/r

(a) a=0, (b) a=1/3=0.333, (¢) a=1/2=0.5



b > AOVIRHICHE D # LR R GBI R O i S 8T R

EH I TES. B, FRLNMBK7Y v Hv=
0.25 I3 L T, (a), (b), (c) & ae=0,1/3,1/2I2%h
ERHRGLT WS, £z, HFD 6 OBEEREREIRT
o EFEDHFRORTAETH Y, 7avy baidaid
L1z Table1 @ b ¥ 3 W CEHR & 2 b AL EHAAS
BT, BABT LB HFEOTHBTINAYT 5.
LpLAKS, CITHETNREIEWE, BXEZR
FEHARSBRT UbRAEGHAAE—RLTWED
Joswn. X512, MloSEs s SRR T &
BIESZV. Z0ED E—BNLBAIE, BXEEZS
ZBHASAEBRAEISNTRAEORTAE 6 & 1.
(7 @ Witk - FEBMBAROBROEE r) DIETIIHR
HEBHERLTNVEEEZLO6NBFEITE R/ r.~0D
HEOHAEZ ANTET S 2REXH 5. 805,
bz RO B 1201013, K (24) OFT%

Ur | o=%
(%)=

=2 a+a(E)+a-alarn(E)

r="Te

CRINENEHS. BTRIBE MV ANMCB T 55H
EROBITIIC O LD BB SHEITEHB LTV S,

Table1 ® b ¥ AN, Fig.10 ® & 5 LN EH %
EELIzE A, Fig.12(a) OFEREB/ILET S, O
FERD S VICHILAIS S, LD NEERZERET 5
» 2 NEAREAT 5.

@ Fig.12(a) BRFEHBS2 R BRLEEL, Tay
FUTzHDTHBHL S, R/r<0.5 DFEOIRFORIEE
EROWTCHET A& T, EREBEHFTCEMSEYOELS
k3 IC@WIEL T Fig.12(b) Zsko 5. Ham b, Nol &
No. 5 B—HF~_ETHHH, bYyFWEBTIENS
H6NBLOD, R/r<0.7METREFELVEETR
LTwnadaEnzsd, F2¢, BAEEZRY No b FHANI
kB bV ANVERBDME U/ R T, TRTOFENEZ
(g 5 & T Fig.12(c) k¥ 5. &5, DB
SIEHAKEROERE— F 5, No.5EH#l& No.3

() > Yo. (o)

& No.

[ST N L

u_/R (x10-3)

Fig.12 Measures results, compensation and normalization,

213

SHAlDSRMERYIC BB L T WL A LT L, T T OEHENE
% No.5 D u,/R|x THRELL 12,

@ Fig.12(c) OREL S hFHBRIES, RICERBL
frREL E M EEEREhARIE R Fig. 11 2HE 3 5 2 L T,
EHE « ZRET S, 37205, No s FHlAESEREX
F¥EhAR (9=0°) iz, No. 3EtBIBAmMSRNERA
HE (6=90°) K—HT 5 bDEKREL, Fig. 11 D&
A HlE & Bt 2 &3 5 &, Fig. 11(b) »°&
HEOV—HERLTWVWEZESbRPSBE. LED-T, b
HHINF A—=F—a (=0s/cr) 1T1/3 (0.333) &HRTE
TE5.

@ UL LuHs, BAEMERT No. b ARVEK
FHEAHEICHTLLE—BLTWaby Ty, 12k
x4, Fig.11(b) ixHWT, No.5 FHNSBRKRERIH
MTH 555, No.2 REBXREISHFEDH 45° DA
ThBHANET, SEME 45° (135°) OFERdhRIC—3
TRETHBN, ~HzAHrLNEV. FIT, @TRE
xhtzlshl ¢ BT L, No.b FHMBRAFENFA
HOREBEEHLVIC 6 EIENTLEELT, R (24)
2 0=6,ZRAUVTRESD b v ANBEEDME (ur/ 1) ron
=5 (23) OmMBAERT Z & TRT KR L A
EsRETsIET, REL GERETSH. ZOK
S HBRELLECA, BEMVANVOBEITIE
Fig. 13D LD 6=—7" PRBTH D Lbh ol
Trbb, BXERHEINo. s FEOEEF» S 7@
WTHERILT WS, 545 & No.l SADETA» S
Fig. 14 DEHOIEHRZ b VTRT LI IMEHLTL
B licnsd, COBEELUTO#RRBOMEEL Case 1
ELTBL.

@ oA LROBE, FR.I3THL,BZ LD
No. 4 OHBEREBBETEEL. T4b5, No4ad
BRI No. 3 DEREEHTHLL, B/MEZRY 25,
IO ERBRT DI, BAFERNMPNo.3 & No.g
HrombiE, BRERIFEEFig 14 OSBORNIN
7 R D &3z No. 1 FmD LS 22.5° OHRAICIEM

R

No.5

r
[]

(0, /RY/(u /R |

1.0 80,6 _ 0,406
(e) R/t

- =0.2%

(a) results, (b) compensation, (¢) normalization



214

a=0.333, v=0.25

O No.l
0.8 4 No.2
O No.3
T A No.h
Z M 0.64 ® No.5
g No.5or No.1
S 0.4 (-7°0r 173°)
<
~
~ 0 ZJ (128°)
2 a
F
0
0oL No.3(83°) R/x

Fig. 13 Normalized relation and evaluation of Case I.
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Fig.14 Maximum and minimum principal stress directions.
Case ] and Case II.

LBdhEEssnlE3BBICHETES. 2OBS
DHNNENZEE =5 L <HPTE 501 Fig. 150
EDI0a=0.180 & 5505, No 2 DIERF ST 5 2
i TELN, ZhECase[ &3 5.

® Casel, MicBVT, ERHE e EBATEN
HmE B ENENRES NS, = (18), (19) %
ROWTEX, BhEEHZRDS E Case I Tid, o=
1628.8tf/m2, g,=542 4 tf/m? Case | T ¢,=2810.2
tH/m?, 0,=505.8t/m’ L0, FhENOEHELIZ
FIQ.16 IR & BV TH B, ChoDERE»S, WT
NIZ LT HEARERIZIFAEIGENS E5DH 5B,
® AN G 3R (24) K FETRp
BERAT A& CRETSE B, Fig. 17 @i LIy Ew
OB RECOHABEROTRD DT H 5.
Case ] T1X1.0~1.5xX10°tf/m?, Case[] Cit1.7~
2.5X10°t/m* L2 B, MF b FIVONEEMS,SHEK
HIMERFIQ.EDEHIZ v=0.25 DBE, G=1.30%X
10°0t/m* CH B 5, 2nNEDBEED 5 21 Case
IMENZ &I, 2R L, CO@ENEoRErE
BULTHHF, AISTRNES0.8m TG Wiz &
THLE, EEOTAMBMNRRII ETRE ZED 30 %

BRI RE

a=0.180, v=0.25

O No.l
0.8F 8 A No.2
™ O No.3
on a A No.4
R 0.6 ® No.5
& “ No.5,20r No.l
~ 0.5,20r No.
2 ol ok (22.3°,157.5°
g : a 202.5°)
-~ A
% v
s 0.2 a
G A a
iy = |
™ 840.6 0.4 0
A R/x
_0.2L No.3,4(67.5°,112.5°)

Fig.15 Normalized relation and evaluation of Case I[.
=vyH= .
o1 =2810.2 t£/mz Oy T YH=346.0°tf/m?

SSolUs = 542.4 tf/m2 | No.3
\\3\ _(_Caseﬁn)‘l 01 =505.8 tf/m2
LR

o, =1628.8
tf/m? (Case I)

Fig,. 16 Stress ellipses.

3.0 @=0.333 R
-——- a=0.180 /Y
q [, ‘\
\
2.5}¢ \ Q%@
) \ (CaseI) $7x
Fa Pl
2.0 Tl Y

G (x10° tf/m?)

R/r
Fig.17 Shear modulus obtained from the measured results,

BELIRATZINEZ S0,

@ D~@ITBHBVT, o 6BELHET LIBEIZ,
FTRTCOFERISHENTH B L RE L2, Fig. 130
RIS R k0, JEmsESAEE Fig. 18 IT5R4 L 5 1o E
FTBEIENTES.

b) FE b ¥ A VITHE T B EHIEEE O R HP



b ¥ A AREIICAE S ML ZEAT SRS R DR S AT

No.4

elastic
zZone

inelastic
zone

No.5

ur/R (x10-3)

ur/R (x10-3)

0
1.00.8 0.6 0.4
R/r AN

-0.2—

Fig.19 Measured results at Seikan Tunnel and the

compensation,

Fig.19(a), (b) OB TRaN B F— ¥ 1, BFE b
v A VERTT 25 km 650 m #5517 35 i B RGO QBB
DOHLNENMFTERERTH 5. LT ICEXRES O,
KEZIBLY, #liow AKNBMEE S KD 5.

@ EEESTEMNMSYOERE LD ICHBET S, &
OEREERTRLTH 5.

@ Fig.19(a), (b) <t - ERMEHOBER
A 5HNB R/7.=0.434 TOBRKEMBTHENLT 2 &

215
s 3.0 =0 75, v=0.25
o 3 =0.95(8¢=22.5°, R/r_ = 0.434)
T
.o _ 6o=22.5
S M““r/RIR/r = 0. 434"2 67x10-2
n 2
oS 20 -22.5°
— /e°={22.5°
% 157.5°
~—
Ll
2
= 1.0
[=1
~
g
0
1.0 0.8 0.6 0.4 0.2 0

R/r

112.5°

22.5°

TN oy = 419.2 t£/m?
R43 1) 'E:j -22.5°
R90 ! L90

The maximum and minimum principal stress directions

Fig. 21
at Seikan Tunnel,

(72720, (a) MTWEL4 T, (b) MTIZRI THIHEE
ft), Fig.20 %2 %. R o5bh»d L5z, R0, L9,
LS EESOEMNERLTVE S, BAERH X
L9 Fmr o ERF 2.5 FrAaLVERALTWAEE X
5hB. #2277, R (24) 12 a=0.75, 8=6,=22.5 %
AT 2 &, Fig. 20 FOERHPERE % L < BHHT 5
ZEhnd

@ EBA-BAERTER (18) & yH=325t/m* %
Munad &, Fig.21 IKRT &5 IT 0,=325/0.775=
419.2 tf/m?, gy=ao,=314.4 tf/m? & 12 %,

@ BAMBEERE G B LR TROEEEL (24)
IKRAT B ET, G=3.79X10*ti/m? L BHTX 5.
T3, FHEIGHRBES BN ERBELUCEBLT
BY, 50% OEMEHBIULLEER DL, EEDORA
WA EUE G=1.90X10* tf/m? &L 72 0, Fig.9 OEHA
THEE UIME G=1.96 X10* tf/m? |Z56 0. 7217 L, #
TV HvI0.25 HRELTNS,

® ZOFMEROBAE, R/r.%0.434 L{EL T2
A5, RFTORER, FEMMEEEIE R/ r=0.6~1.0 D&EH
AicdpstEZOIS.

5. # E ]

Bk, BEMILEME LY AV OBE S RE LIz & *
DEERIET <, b Y A NVOENEHRIE RO S AT



216

BRI B, BRERE S - TVARELEAEE
BREAFECHEFTT NI, BRTRNI LD TGS
¥, MLOE REOHMICHs Rz F— s pEEsh
2HL0LHFTCE 5.

AHFFE D S 1 S R A K R SR P O S IR AR
EOHFBILLDEZANKRTHY, TABFICHWE
FEH bV ANVOFHARRIETIARERETH b v AV LER
FEELIEREINL DT, BERRAMOBIRRAL
LR THERERERT S.

£ # X W
1) REES - KRR b A VIREIRR IS O B EAEHA
RROWMENE, LREXHCHEE, No.337, pp.137
~145, 1983.
2) 72& %, Savin, G.N. : Stress Concentration Around
Holes, translated by E. Gros. Pergamon press, 1961.

5)

6)

8)

B - K

ETACH - REFERX | AEEMETRIE RO SRk,
22 MTETHEWFTRESFBEYEE, pp. 1633~1636,
1987.
ARBSR - RE S FHER . ZRAFEBFO LV A
NEEADER, F1I9EESBNFCEATEI IV RI VL
FEIERCUE, pp. 291295, 1987.
EIACH - REFER . bV A VB RO S FHEi,
%5 20 B E TR EXFBHEBESE, pp. 1557~1560,
1985.
BIACH - REFREX bV R VETBIRGR OB S M,
5 42 ML RERXERFERBHES, M-254, 1987.
BB D P ALNTHICB Y 2EHRIEREERICOV
<, NATM TEEBTEHICEYT 2B EERE, A
AL A, pp. 78~93, 1981
HE NV ANVTIEWREREHRESE, LAES, pp. 377~
384, 1985

(1987.5.21 » Bf})




