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Fault zone determination and bedrock classification through multivariate analysis
— Case study using a dataset from a deep borehole
in the Mizunami Underground Research Laboratory —

Kensho ABUMI*, Kenji AMANO™, Katsuaki KOIKE*™*, Tadahiko TSURUTA***,
and Toshiyuki MATSUOKA****

Abstract : Faults with a crush zone can strongly affect the mechanical, geochemical, and hydrological properties of
a rock mass. Because of this, fault zones are treated as essential elements for evaluating the underground geological
environment and the engineering performance of rocks. Because of the limitations to borehole investigations, it is
not always possible to obtain sufficient, high-quality geological data. In addition, the evaluation of results may differ
depending on various factors such as geological conditions and skill of the engineer or geologist. Such uncertainty can
lead to difficulty in evaluation and understanding of the geological environment at depth and in the decision-making and
planning of underground construction, which, as a result, may increase potential risks during construction. To reduce the
uncertainty, this study proposes a data selection method using multivariate analysis composed of principal component
analysis and a clustering method using data from a deep borehole investigation in the Mizunami Underground Research
Laboratory (Mizunami City, Gifu, Central Japan). Utilizing this method and the analyses, the rocks could be accurately
classified depending upon their geological characteristics. It was also possible to discriminate subtle differences in the
rockmass. Furthermore, the location and width of fault zones were determined objectively. Accordingly, multivariate
analysis, in considering the variety of data from different sources, proved to be more effective than traditional methods
that analyze items individually. Moreover, a method to rank the variables used in the principal component analysis was
developed using a logical and quantitative index that can arrange the variables in their order of importance. The proposed
method developed in this study can provide useful geological and engineering information for 3-D geological modeling,
construction of underground structures and groundwater flow analysis.
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3 RICE TN OFEEEIC X o THRHES M BREE % 22 110 |2 B
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ROKR=Y) v TRET—FIZERTTMEEH L, fFon
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WL, FERSAITEHCEEBNRFHMETIESH S0 0
D, FWBIAIH B EEOLEDEEFEEDSHIEIZ S
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CENURE L ER T e W L, Fz, FETREKX
WO IR RDS, MU S ME O R B Hil & O SUHE 72
kRSN EWEHIL, Ty EEE T 5 HOELE
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4.1 FWsrmH
TR L, MIERIC X VAR M L) Ak
WERHCRHT 57200 FHETH L. L TrF—%
DEHIEY (B K E T HHE L EBGT, 862 T,
83 FWGY, o, Ba XS E R, BEROZT RS
PEHEND, FHlOTEIRkE ZEAMEIZZ O5EIZE
L<, FRGPEORETLOERDOERE EA TV D%
£, FHELI, BAEEOATIHT 5 &ERTOREE
HoOEETH Y, EERSOHEHRE 100% 1 LT, £F
B DETAERETHL EALREDL, BEETRI, £
1 BRSO MNH TS T TOEEROEFTH D, T2,
BEWS ETOTF— I, BAMICHTBEANS N
WEHWBERRDOERFTAITE L THIETE 5.
Z=aix; + axxs + asx; + -+ + a,x, (2)

ZZT, ZIZFERT AT, ay, a, as, -+, a \EEEE O
BT MV, xi,xp, X, 00, 0 \SAEHEAL L 7202 2T
TR AL, 60% BEM LORFEEGEEL SO,
Db 200FRGEHRBLTT— 5 20hd 5 (4,
2001). L2 L, REEFSFEORUEIIIHE LB 2
, WMHBTF—7 OMBEPLHNEICL > TRZ L (M- L H,
2008) Zihs, BEFGEEBEIILEND, FHSS
Hroo By @A g U TR T % FR0 5ok #enic ik
ETHLENH L. 2T, KT, 1L LOEAE
b b, 10% L EOFG5HEERTH 3 B E TERE -
EBEOWNRE LR 247572 EC, 90 5 B iE vk
EL7. B, TOBFICETERSAREE AV, T
SEBELIE, FAENRZ NVICEABOEFREELD
DT, REFHT O L 5 ITHEHEAL L 7B C RS 51T -

SHIE - REPEE - /Nbsel] - BHEE - Rifes

EEOMBERRTH L7720, ZOMROLLT SN, 2
NEBEIIZEBOFERG D LR % 5l L 72.

FROOHREREE1FRICTED L. B 1 THSARE
X, BT R TR TS WS, MO ZET
KREREE > TWAB, —fAYIZ Intact rock ° Z LTI\
HEE, T hbL AR - BE»OWE T L EHT (DL
T MESE] LELT) ovtEx, alodEd v
LD, WKL - % - PGS - RQD TH L, HiEZE
BRI CTRWEEZRTIRTTHh L. FRITHF LT, I
& ERCWHT, HAHVIIEEI L L, ARIREITEWET
(LAF TIEESEs) L 329) TIE, SINHEPE  EHilit 5,
it ZBEALDS e, &5 VIIFFESINER STV D %
E, TORBIZLYVEEIKELERLEEZONS. T
bbb, WHEOW DD, &5 VIFKEGHIMRELT L 1E
BOMEMZRTIETTH L. EE, ZoOFENLE 1 EHS
AffEOMENE —~H L TWh. LoT, %1 FRSITHE
P, R, WMEEREE R S CRFESIND B - Hzi s o
AW 2RTHREGIEETH L LHMTE 5.

—7, £2 FRoAaMEL, ARERM - LU - LED
SHHTKAKEZMEZRLTWA., 2F VE2 FFoE, ¥
ICHAREM S, WEHITREES NS [BRUREEORE VS
b LIEMBAEZEETAEAV] #RTHRAEET
HrEEZOLNDL., T2, HEIEWFTEMEIIEAL T,
HIAT ¥ < HRED AN L TR E L, [HrEk
DERRIFEBCELTVBEHETESL, LrLEDNS,
AT~ < R IZIE 1 & o TRV A L BV EE o
FHHEEL (FH, 2005), ZOFHIO 7z W= ok
THYOEEL B L FHMICAET 2 LESH L. 2T,
RIFHTCTLE, BARN 2 i B G R A I VA TR & 2 4%
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B 9HR
o

EIXEANT PV EA

WUREL B 1 - 2 EWFOAEHALZ L LT

bowv, L2LedS, COERSAMEIIERD &
B1ER FERSOHREE.

F1EHS | E2E | E3EALD | T4THS | EOERS | E6EKS | ETERS | E8EML | EITHS
EEE 381 1.79 127 074 058 038 025 016 002
H5E () 4228 19.87 1411 827 6.40 421 277 183 027
RiETFE %) 4228 62.15 76.26 84,53 90.93 9514 97.91 9973 100.00
BRAUT -0.04 -0.19 0.87 0.11 041 -0.15 -0.02 0.05 -0.01
3 BREN -0.61 0.59 0.25 0.08 0.26 023 0.29 0.08 0.02
i HedEd (SN) 0.78 0.59 0.05 -0.02 0.09 0.02 0.13 0.05 0.12
ﬁ‘mﬁﬁzam 079 0.53 0.03 0.00 0.14 012 0.20 0.06 -0.10
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ﬁPﬁﬁﬁ 0.69 043 037 0.17 0.02 034 -0.02 0.23 0.00
g |HEERE -0.68 0.29 0.39 022 -0.44 005 0.10 021 0.00
LE -0.62 0.52 -0.33 0417 0.33 012 -0.26 0.15 0.00
RQD 062 022 0.05 071 -0,07 020 -0.07 -0.10 0.01
BRAUR -0.02 0.14 0.77 0.13 0.54 -0.24 -0.03 012 -0.04
= E?Xsfﬁiﬁ -0.31 0.44 023 0.09 0.34 0.37 0.58 0.20 015
= t 5”1 (SN) 0.40 0.44 0.04 -0.02 012 0.03 0.25 0.11 074
= |HiER (N 041 0.40 0.02 0.00 0.18 0.20 0.39 0.16 -0.65
5 BE 0.35 0.32 0.19 -0.40 -0.11 056 -0.34 0.37 0.03
L |PiEGREE 0.36 .32 033 0.20 -0.02 -0.55 -0.04 0.56 -0.02
I E RS ES -0.35 022 0.34 025 -058 007 0.19 0.52 0.00
Lz -0.32 0.39 -0.29 0.20 043 0.20 -0.52 0.36 0.00
RQD 032 -0.16 0.04 0.82 -0.09 033 -0.14 -0.24 003
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