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This paper presents three kinds of predictive simulation systems by the boundary element method, which have been
developed recently by the authors, and several examples of practical modelling for the geo-science / geo-engineering
problems. In the usual boundary element procedure, numerical integrations are employed to calculate influence
coefficients but the authors have developed an indirect procedure by FSM (Three Dimensional Fictitious Stress Method)
and an indirect procedure by 3-D DDM (Displacement Discontinuity Method) in which analytical integrals are taken, and
both the procedures have been combined, aiming to establish a more accurate and faster computing system. They also
have developed a direct 3D boundary element procedure for non-steady heat conduction in solid around opening /
fracture, in which numerical integration using the special method proposed by them is taken.
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Fig.1 (a)Numerical model! in which the surface boundary is
divided into FSM elements and fault is divided into
DDM joint elements, (b)Location of measuring point.
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Table 1 The measured stress state
Over burden pressure
Stress components measured
(MPa) calculated
(MPa)
oy =1750 = 098 o g h=10.37
oy =1591 =+ 0.6l
o, =14.88 + 376
T nw=-0.19 +  0.65
T we=-0.40 + 131
T n=-024 + 0.85
(4) BAX SEFE A D RIS 11358
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Table2 Tectonic stress factors calculated

Stress Factors Measuring point stress (MPa)
(0 g2) from k values from expression(1)
kx =0.632 0 x=16.31 5.63
ky =(.587 o y=17.09 6.92
kz =0.955 o ~14.89 15.21
kxy =0.011 T xy=0-72 0.18
kyz=10.056 T y7=-0.38 -1.95
kyx =-0.036 T =027 0.84
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Fig.2 Representation of the jth joint element with stress in 3D.
The springs shown in (b) are inserted between the point o

and o’ shown in (a).

QWmBEDOEABRBIEL TDEDLY DIEASHEDER

(7) XETEBRICANT, TbbEI0HON
ELNnbDE LTHENFZ{Tok, ZOBE, bLESD
BEMELNT (MAMPTIHEHRESER S T) Wi
i, BiEowiE (Kn, Ks) LRIOBEEKELTOH
B HBERBCIETH N TESD, LAL, 22
TRECHBERRZNE LTRESNEEABEEL, »
DWIB R B HREDTABRIMEEET 5 LRE L TR
U7z, Fig.3 ICEITER %2R T, Fig l@IZBEIFET VER
7o

— 10MPa

K=K =100MPa/m

Fig.3 The calculated stress distribution in the vertical plane
perpendicular to the fault (Kp=K¢=100MPa/m)
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Fig.4 Numerical model of Super Kamiokande
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Fig.5 Comparison of the displacements at the point, GE no.5.
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Fig.6 Numerical model of Buko Mine

— 108 —



Fig.7 The area on the geological boundary, where the
calculated safety factors are smaller than 1.2,
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Fig.9 The calculated variation of temperature distribution
around the spherical opening
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