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Mechanism of Discontinuous Behavior of Rock Mass
during Underground Cavern Excavation

Tsugio Yosuma ¥, Yuzo Onnisur ** and Satoshi Nisurvama *

*

Various kinds of measurements were carried out during excavation of two large underground caverns to esti-
mate rock behavior as a discontinuous material. As a result, rock behavior as a discontinuous material was estimated
in detail, such as characteristics of crack propagation, displacement and stress redistribution. In particular, it was
found that characteristics of displacement and stress redistribution were very remarkable in some areas and that
crack propagation was also remarkable in the area. Through the measurements, it was suggested that the sliding of
discontinuities were related to the discontinuous behavior. So with a simulation in which the discontinuities were
modeled, the influence of the sliding of the discontinuity to crack propagation, displacement and stress redistribution

is discussed.
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Fig. 1 Okutataragi power station.

FORUS & Bk & U, BEIIRIL 2D 2B o D B2 25
B~ CH#aHTH S,

WEHNE, 7—FEBAHI L 722%, &% 3m 972 10 [
O FFEE (V7 b1~ 10) 2520E L7z, RIS
LR IIE, EFFa 2 — b Bemx3 ), gy
AL b (BE50m, 225m*I214K) BLOPS 74—
(7—F8 - BR& 10m, E&HEK 4m, MEEE © R & 15m,
EER Am) TH 5.

RN, b2 ROK B OIS T - 72, 220
25 22.4m 72t by AL KD | 2EICHT T D
LU 7R — ) v LA CERER 21T - 72,

aRHIE H L, FLABIEE, SR O3 AME, AT-J
XZERITE , ST AN 2R T d 5.

LNEZNL, 7R - Z2F ¥ F—F2HNT, PIHIK
fE REDERE, HI ISR B R - ¥ S LEEO AN
MONLE, EAT - ER, FICE A FH L 7=,

T JRfZ L P 1748 H 11 H Received Aug. 11, 2005

* B P4 0 SR Ze i T661-0974  JEWETi#F £, The Kansai Electric Power Co., INC., Nakoji, Amagasaki, 661-0974
*k FE 2 B ERRERER LEZER T606-8501 HHRTT AKX & HANT , Dept. of Urban and Enviromental Eng., Kyoto Univ., Sakyo-ku, Kyoto, 606-8501



502 BHXY, KA =, Wi &

SR OFAME L, HEBUNO AT D % T 22
752~ 12m OFPFHADOAR =) Y ZfLAIZE XY F Iy
THEREE LT 572, HERE Y FE 1m TH D, FHHl
HEZ, 1H1MITH 5.

AETT AR 2 e 1, A RENE (=227 vy
A=8) EHWT T TV HI—HBIE8HTH D,
AR, TH1RTH 5.

SRIE TR 2RI, &35 5 23B%8 U 72 K IEEHR oo%
EYEHWTI > 72, SREE, i b Y FOLICEE L
7o R KR O K & A=) v UKD KIEEZHIE L, ¥
HIRGE & BIHDBFRIC B U KD, S, K= v
FUEDWT, BEEEZFET2 6D TH 2. KIEDHE
3, KEEHEMAAA LN Y FEFHTR=) v
FLIZHA L, fLEHF1ANC 50cm ¥y F T - 72,

2.2 KANREFROBIE

KMARERTOM F22ilid, Fig. 218360, &
X 46.6m, WE24m, £ 134.5m OHFENTH D |, 4%
DK 280m Th 5. Hi M2 ERER T BT, Hilt
ROEWEHIIBTI20AETH Y, HEIIHHCEmH
% CHMEETH .

HENE, 7 —FE A L8, &35 3m 5 10 [0
O FFHH (V7 F1~10) #9EL 7=, MBIk
FAMER L, REMNTF2Y 2 = (Semx3 ), 2y
AL (EX50m, 3m*IZ1A) BLOPS TV Hh—
(7—FE . £X 10m, E&HEE 4m) Th 3.

NG, W2 A BRARFEET L FIRRIC, T 22 RoKEs
IOMEEARETIY, 22iA 5 20m BN 722647 b ¥ L
X0, EZEFTPORILL 2R —) Y ILER W T T -
7o, BHPEE N, fJLNEER, $iHOTANEETH 5.

22 AR DA BB

31 HH4ZRAHMBREAMDEEEE)

1) SBEGERERE

Fig. 312, ¥IHIRRE L IeHIZ IS R T A — L 2 F %
F =12 &k B ILNEIEE & O G U 7= A ke i S o A A
T, YWIHPRREOAHIG A 12DV, BERRA, &
HEMERZL, SR E KOWEEBIRICHEL, K- v
L Im AR T DARR AT L 72, wIRE T 3.1
A,/ m OARFGHAEAE L 7=, JEEIH 2281 L 2k
Mz DWWk, MFRZEORMO, SikoBzdt, ikl

caye
) )
[t:)] 20.0m
lift 1 monitoring
iftZ2 1 borehole
46{6m it 5 5' E previously—excavated
ift6 | tunnel
lift 70=10.0 MPal
lift 80~ 4.0 MPa
ift 9
i lift 10
24m

Fig. 2 Okawachi power station.
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Fig. 3 Frequency distribution of discontinuities in
Okutataragi power station.
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Fig. 4 Cumulative amount of crack width in Okutataragi
power station.
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Fig. 5 Vertical strain distribution in Okutataragi power
station.
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Fig. 7 Relative horizontal displacement in Okutataragi
power station.
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Fig. 11 Cumulative amount of crack width in Okawachi
power station.
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station.
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Fig. 13 Simulation model (Okutataragi).
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Table 1 Input parameter (Okutataragi).

[Discontinuity] Parameter
Modulus of shearing stiffness 490 MPa
Modulus of compressive stiffness 4900 MPa
Cohesion 0.01 MPa
Angle of internal friction 26"
{Intact}
Elastic modulus 16000 MPa
Poisson’s ratio 0.25
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Fig. 14 Vertical strain distribution in Okutataragi power
station (simulation).
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Fig. 15 Relative vertical displacement in Okutataragi
power station (simulation).
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Fig. 16 Relative horizontal displacement in Okutataragi
power station (simulation).
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Table 2 Input parameter (Okawachi).

{Discontinuity] Parameter
Modulus of shearing stiffness 83 MPa
Modulus of compressive stiffness 20430 MPa
Cohesion 0.01 MPa
Angle of internal friction 30
{Intact]

FElastic modulus 13000 MPa
Poisson’s ratio 0.25
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Fig. 18 Vertical strain distribution in Okawachi power
station (simulation).
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Fig. 19 Mechanism of discontinuous behavior in
Okutataragi power station.
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