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To obtain the strains, stresses and displacement of the wall.

=B —T) 8, =t}
0;=¢,/1—¢ ) +¢ {p,—q,/0—¢ )}
or=q,/(1—¢ ) +H{m—a,/(1—¢ )}
=@ 48, 1)~ 20 4w)) 5F re

*

p

Lok x
— € 68

o= 002

* % *
et =gl —er

e=5m, p=20kg/em®, £=2000kg/em®, v=0.3 , g,=10kg/em®, ¢ =20°, © =800kg/em’,¢, = 2kg/em?
F=10° L HRHT T, BrD p T 5% M AVELOIUDIEHEIL, T TICHEL T3 (Tanimoto,
1980) &%, BME - O 3 ABALIRBER 35 X OF O 3" A 803 « WRERREMRIER COIEINL , Vol B R IS LT A&
b ¥, T ABRIURI L CEERESBROMRAEN T bo ThUL, by AVEER A HEMIRER £ OB T
YU T LT, B R AR E D0 AV AT B 2 EARL T Bo b L, SO 5 bib T
SUEHWTT, p, B SE, REBEYFT LTI, b AVBMIZAENCERS LT , b v AvE@oEicy



P,=20kgen?, @ =5m Qu=20kgcm?
Q,=10ke/enm? ¢ =20° Ko 1o
10 E =2000kg9/cm? w =800kg/tm? o
v =03, @=10° .
° Qu=2kg/cm? o
201 20, 7
second target > =10kg/cm?
(practical) 6 ’/ 8
_______________ P / o
[v} .5 s
+7-2a ! / 04
// 5
[ ,// :
W, ° T e S
& %
T —— 5.5
50 00 750 1or
Uw (em) P
K—-3 XRIFELEERELMEOBF
BAORB 5 £ TEITT 5 THAH 5o HILGREEL O, = 0.5 (T T 5 BEEE AL 20"
L p EOWML, BI- 3R EN 5o MRS , AEM T COMBRR(ZHRR) R-4 PrrIVEEBEL
ZasRL O

DRBERHL , G - 0 TABAREERL AL L, R-4D X550

v AMEN & BIEITEIL, RE—E T Tl bl o — c e D E 0 F

BB, p,(0,)=5.5 kgrem® 72 HHPRIE T CHIERBI & BHLE L , £ DB O #0

Fhe 132.3% T b AVREEELEILI0cmTH L 2 MM T 2, TDL 3B R

FRC L O AR T AMED 0 — e BEPHLFHFAROTARZRETHIL BH

EMNEE=F—THIEILY , TRTIFHELZEEL , EBHBFELRETE 5o
72, bYANVREBICRET S BEREBILE PO TRRERIRE T, fRE

PODLTHOBHTE ORISR L , FRELIRES S BICETT 50 20X

S RBEEREC KL, ENBEYEACADLL , MR VTEHLESERL , B

Q softening

4]

7 (W2+2Q)

X-b BERECKD
REEDER

TER L CHRBEOFEALEEL , 27 7 8 (e OEe,) X GAARE

BOABBEN, £ LT v - MR (v, +20) X R ET0ie L L AAERTHLEEADN S, (B—5)
SRR S EHILBRIE LR D b ¥ ANV TOD4 v 83— MNEOERRR L LS €5 L REHEGROOLN S0 Liztis

T, B-3052 79 VBICOWTRIBAK , 4 5= MBI LTAKIB L D ED 2 K3 Py i LT 5%

Ab#do

g £ X #

CCM*¢ 1 £3(1978) Conference on Convergence-Confinement Method, Paris, Oct. 26 J. of Tunnels et Ouvrages
Souterrains, AFTES, No. 32, 1975.
Cording, E. J. (1977) ! Observation for shallow chambers in rock, Int. Symp. on Field Measurement in Rock Mech.,
g Zurich, April 4-6.
Fenner, R. (1938): Untersuchungen zur Erkenntnis des Gebirgsdruckes, Santiago and Essen.
Kastner, H. (1962): Statik des Tunnel ~und Stollenbaues, Berlin.
Miiller, L., G. Sauer, M Varder (1978): Dreidimensionale Spannungsumlagerungsprozesse im Bereich der Ortbrust,
* Rock Mech., Supp. 7.
BATH(1977): NATMIC B 1 5 RER, WIHMN, 10-11 pp. 6-12.
Rabcewicz, L.v. (1957): Die Ankerung im Tunnelbau ersetzt bisher gebrauchliche Einbaumethoden. Schweiz Bauztg.
75, 123-3L
(1964): The New Austrian Tunnelling Method, Water Power, 16, November/December.
Pacher, F. (1964) : Deformationsmessungen im Versuchsstollen als Mittel zur Erforschung des Gebirgsverhaltens und
2ur Bemessung des Ausbaues. Felsmech. u. Ing. Geol., Suppl. [, S. 149161
(1972): Erfahrungen mit Gebirgsdruckmessungen bei Gsterrechischen Verkehrstunnelbauten. Int. Symp. f.
Untertagebeu, Luzern, S. 381391
Saver, G., F 3B (1981 ) JEFTHIE & JEHNIC & 2 I TR B,
Talobre, J.(1957): La Mécanique des Roches. Paris.
Tanimoto, C., S. Hata (1980) : Fundamental Concept of Designing Tunnel Supports in Consideration of Elasto-plastic
and Strain Softening Behavior of Rock, Memoirs of the Faculty of Eng., Kyoto University,
Vol. 42.

bR A EMT, 12-4, pp. 57-64.



INTERPRETATION OF CHARACTERISTIC LINE FOR TUNNEL STABILITY

by Chikaosa TANIMOTO, Shojiro HATA and Keizo KARIYA

Dept. of Civil Engineering, Kyoto University

SUMMARY

In the discussion on rational design of support system it is required to establish
some characteristic lines which show the relationship between support load and deform-
ation of the ground. The so called Fenner-Pacher Curve, showing a minimum point of
support load, is one of the representative curves in NATM. Though many papers related
to NATM have been published, it is pointed out that there are very few examples which
were led from practical and concrete data concerning minimum support load. Also, the
actual bearing ring to be mobilized around a tunnel which NATM aims necessarily is not
well explained.

In this paper the authors introduced some representative characteristic lines proposed
in the past, summarized deformation and its velocity observed tunnels in Europe, U.S.

and Japan, classified support load to be expected in the construction procedure based

on the empirical data concerning deformation velocity and analyzed the feasibility of

support recommendation for tunnels in Japan which are subjected to difficult geologi-~

cal conditions.

For the practical use, the authors described the equations for analyzing strain-soften-
ing behavior around a circular opening, which were derived from strain energy theorem
and Mohr-Coulomb's yield criteria for the initiation of strain softening and plastic
flow in residual state. The parameters to be provided are 10 pieces as following:
radius of a circular opening ( a ); Young's modulus ( E ); Poisson's ratio
( v ); unconfined compressive strength ( q_ ); angle of internal friction
( ¢ ); negative slope of deformation coefficient for softening zone (W );
hydrostatic initial stress ( p_ ); inner pressure acting on the wall of an
opening corresponding support load ( p, ), unconfined compressive strength
at residual state ( q' ); and angle of internal friction at residual state ( ¢' ).
as a result, followings are obtained:
radius of elastic-softening boundary ( R, ); radius of softening-flow boundary
( R ratio of R to R ratic of R, to a ( S ); strains on the wall
%angentlal and radlal alrec%ions (ex 5 eg* % stresses on the wall in tangen-
t1al and radial direction ( 0% , o* ); “and displacement of the wall in the
radial direction ( Uw ). t r

By giving concrete figures we can establish the concrete characteristic line in case of
tertiary mudstone showing expansive behavior, and it is possible to estimate minimum
points of support on the characteristic line when the inner ring showing plastic flow
may be considered to behave as fluid.

The following are concluded:

1) Concerning strain softening rock it is realized that there exist two points on a
characteristic line showing minimum support load when allowable limit of strain
induced to rock near the tunnel perimeter is determined and rock is subjected to
plastic flow.

2) The relation between deformation velocity and support load can be classified as
following: below 0.1 mm/day for slight; 0.1 - 1 mm/day for medium; 1 - 3 mm/day
for heavy; 3 -~ 5 mm/day for very heavy; 5 - 10 mm/day for extremely heavy; and
over 10 mm/day for exceptionally heavy. According to this, most of tunnels driven
through 'Green Tuff region' in Japan show remarkably high deformation velocity, and
specific support recommendation for them should be established.



