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Fig.1 Parallel planer plates and spring model for a crack
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Fig.6 Crack trace map of tunnel face at section B

gL gD
F,=F"+F;

142 40 6.0
= 27 1.8

Sym. 29
- ¢} ()]
F;’jkl = Ejld + Fiju

[10.4 1.7 2.0 13 43 3.0] (8)
07 03 02 07 04
06 03 1.1 06

03 06 07

Sym, 20 13
1.7

(3) AHINSA—2DHTE

ATV H B35 A—F1L, KO IBETH S,

(a) BEEEROBM R E KTV V]

(b) 799 270hZEMERT IS5y 7 ORERNE: €
AT

(¢) 79y DB RT 259750V



130
> @ sandstone
:’4 1201_- O limestone
60 0 dolerite

- A slate

30

ratio normal/shear stiffness R (K,,/

20 ®
8 ,
O
1 L 1 1 1
0 02 04 06 08 1.0

normal stress o, (MPa)

Fig.7 Dependence of stiffness ratio R on normal stress 0,
(Bandis Lumsden and Barton, 1983)

ER, (b) @7 Ty ORMECELT, EEMEK,
L& AMTNE K 25 L VARGE LTI AT ) 7 — AA°
Lotz TICH LT, Bandis 54 TEEHDOERD
259 7120w, WTFOXTERSNSGZ T v 7 O
T R L TEINS) 0, OBRE, FEAOFig.70L )i
kiz,

' K,

R-E b

s (9)

FhCEDE, KK EDREL, BEGHHHERH
BRI R1Z 60~130DZNENDEAMELRL, &
BSOS FOMIZE L WA T 52 L2
5. ARLDIIZOMBIERL, H2ir T v o O
eI R % AFEATV IO AN BEEER# 1TV, Gaziev&
Erlikhman Y OARBEFMIC L 2EREEL. 0
R, R=1LLIAEROBITL DS, R>1 (R=5,10,15)
& U2 O F7)% Gaziev&Erlikhman DEEFERIZ R W
ST o LRSS F2C, FHETIIIER
D R=1k, FigT7%EEIZLTR=100 220 R¥ R\
i R EAEERICERT 5. kCEL TR, BED
HRDDEBEL Tk =23%A 5 LT 2.

ZOMDIIT A— 513, FIBEROTE - SREE
POEE L7, BRAEHICET /7 2—-513, LA
BB - AN, OEMERE E=19.5GPa, #TV
v v=021, BE% 2.66g/cm*E L1, (c) O
Ty ITYINF, Fadik (8) 2RV ABIET
12, FHICHAIEGHOERY CXLRVERT S
LEEZ, 79y 7 OBRBRERFIHLCEADI Ty 7
DR HEEZ T v 7 F Y NERDBTEL 2K5T
DR S 3KTED 7 T v 7 OIEREHEE LRI

51

measurement
R -~ o
subsidence calculation
section A et Re
—-e—u- R=10

10
g
£
8
&
9

2-10
2

-20

®@ @@ @ ® ® 0

stage of excavation

Fig.8 Field measurement and calculations on subsidence of top
crown atsection A

/@\ measurement
. Sy
subsidence calculation
section B e R=

o e R=10
g
g
o 0
1]
=
L
2
2-10
2

-20

®@ @& @ ® ®

stage of excavation

Fig.9 Field measurement and calculations on subsidence of top
crown at section B

ROBBFED2OOFEILL T I Iy I T INER
ELA UL, i, 29 v 70RBEE LS
WL, 7597 F U INVERETLIERBRHTHY,
SKTCHRIERD e VAT, 2 KTOER» HHEE
LCo I 07 I NEFETHFENERTES.
2B, (a) OF A=y DHxEFRAGIUS, AEFFIZ
75y 7 REBLRCERESTE 25,

. FHARER & DR

Fig.8,9 1371 A, BTOEEHIA 7 — VIIBIT 5K
HTOFHIEER (40 LR G5 Loltix
¥, Fig.10,1113ERCREEM OB R

Fig.8 Cld, A7 —Y@~@x#L T R=10& L7/
BRIE, R=1L LSRR L D EHIMEIEL, R
F =@ @OTIFFHIMEIC L T%, Fig.9Tit, 4
I b > 3V OBEIFIRIC DD 53, R=1 ORI
FRIMEL D B TEAVNE {, #IT R=10DFHTRRIZ
SHIME L D b KEREERD, AT—VDIZBVWTOA
FHAMELC—B LT\ 5. Fig10Tit, A7—-V@~0%
BLTR=10DB4E13 R=1DF4E L H bEHIMEIST S,



/‘_—\ measurement
section A . —'I—-—
convergence Galenation -]
-a-—-m- R=10
_10fF T T N —
E |
N |
8 0'— --fvrﬂ'_':::'::“::'--tlr'"---- = -T_
e
S-10
=
o
=
-20 —
® @ ® ® O

stage of excavation

Fig.10 Field measurement and calculations on convergence
between side walls at section A

; measurement
section B ————
calculation
convergence OO 2
—
-e—s- R=10
E ‘
-
“J - =0
;‘;‘ -8
L
ol
O = |
2
= )
g |
g ‘ —
-20 ~ — = — - -
@ @ @®@ ® ® O

stage of excavation

Fig.11 Field measurement and calculations on convergence
between side walls at section B

¥, AT—20~00 R=1D35ETHHIHTE 2\
e b > A VOIBHI L ZPE ) PR 02 bR B A T
—%, Wi B (Fig.11 ) Tl A 57— Y@~@% &
LT, BRI ROBIRIC L S95HIMES Bv—8®
Behiw, B, A7—YO~D0KE ZEHIMEI LA
TR L TR TV A, Tt SHIETEGT ¢ 1o
HLUIEAT (Fig3,6 ) I[CREREAUE Uizl b %
Zbhs,

>
“ad .

5. bURIVERDOISHES

(1) Z b RIVERDDRSES

Fig.1213, A7 — V@ TR BIZB1T 2Rkt
AICH OSARORTFERE R, Fig.2(a)id, Higw
77 v EETROEFNEEL LTHIIT LR TH
5. —7, Fig.12(b), (c)idFNFN R=1, R=10D>%
T 7w BE LI RTH A,

TS RAESET L F, ROLH 105,

NERDBELIVL 2 5 v 7 % E LB O ESE
PUBEFENR S LICTIPEP L TWAB. ARG
I3, R=10D¥54 (Figd2(c) ) Tk 5.5MPabl b

52

(a) isotropic elastic analysis

(b) anisotropic elastic analysis using crack tensors with R=1

(c) anisotropic elastic analysis using crack tensors with R=10

Fig.12 Distribution of maximum shear stress along section B
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(a) isotropic elastic analysis

(b) enisotropic elastic analysis using crack tensors with R=10

Fig.13 Distribution of maximum shear stress along section S
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(b) anisotropic elastic analysis using crack tensors with R=10

Fig.14 Distribution of maximum shear stress along plane P
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STRESS AND DEFORMATION ANALYSIS TAKING INTO ACCOUNT
DISCONTINUITIES IN ROCK MASS AT THE INTERSECTION OF TUNNELS

Hiroyuki TADA, Yoshio ISHIZUKA , Tadashi YAMABE and Masanobu ODA

The numerical procedure using crack tensors has been performed with the assumption that the normal and shear

stiffnesses of joints are equivalent. In the present study, their stiffnesses were determined according to the experimental
observation, the normal stiffness is larger than the shear stiffness, by Bandis et al. (1983). To investigate the influence of
the geometry of joints and the three-dimensional excavated shape on the stress and deformation around the intersection

of tunnels and compare with results of field measurements at the intersection of tunnels, three-dimensional finite

element analysis modelling the in-situ jointed rock mass by crack tensors has been carried out, with the following

conclusion : The numerical procedure newly taking into account the anisotropy of normal and shear stiffnesses in joints

makes it possible to predict the behaviour of jointed rock mass more accurately than the conventional one.
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