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Abstract

The strength of fresh rocks and altered rocks, including hydrothermally altered or weathered
rocks, is generally evaluated based on uniaxial compressive strength (UCS). However, rock core
pieces for UCS tests cannot always be obtained from outcrops of faulted, jointed or cracked rock
masses. In these cases, the point load strength (PLS) test is a convenient and effective alternative
to the UCS test, because it can be done promptly using on-site testing equipment with various
shaped small rock specimens taken from outcrops or floats. Provided that we can calculate a UCS
estimate from a PLS value, the PLS test can lead more convenient and cheaper.

Many researchers have already studied the relationship between the PLS and UCS. However,
they could not be said that these studies have clarified the relationship between the PLS and UCS
of soft rocks. Recently, the relationship between the PLS and UCS of soft rocks have been
estimated by some researchers. However, there were very few reports about the relationships of
soft rocks.

First, this paper established drying, saturating, and axial PLS test methods of smectite-
bearing rocks based on analyses of the axial PLS tests in a forced-dry state at temperatures of
105+3°C, 80+3°C, 60+3°C, and 40+3°C, respectively and a forced-wet state. The rocks were
divided into three groups based on their smectite content. It is to be desired that the axial PLSs of
smectite-bearing rocks were measured the specimens in the forced-dry state, dried in an electric
oven at a temperature below 60+£3°C for 4 days or more to achieve a constant mass, and the
specimens in the forced-wet state, saturated with water for 15 days or more to achieve constant
mass. Secondary, using the new PLS test method that was established by this study, this paper
clarified the relationship between the PLS and UCS of hydrothermally altered rocks, which are
typical of the soft rocks found in northeastern Hokkaido, Japan, using axial and irregular lump
PLS test specimens. In addition to that we have obtained the significant result through examining
the relationship between PLS decrease ratio and hydrothermal alteration zone rocks. It could be
expected that results provide a practical method that will be useful for evaluating modern
landslide hazards and constructing landslide hazard maps of ancient and active hydrothermal
fields.

Rock specimens are hydrothermally altered soft rocks, including the Upper Miocene
volcaniclastic and clastic rocks. These came primarily from the earth’s surface in ancient



hydrothermal fields. The modes of occurrence of these hydrothermally altered rocks were
examined in the field, and the hydrothermal alteration minerals in the rocks were identified
primarily by X-ray powder diffraction. The hydrothermal alteration zone can be divided into
fifteen more specific zones based on mineral assemblages of hydrothermally altered rocks. The
numbers of specimens tested were 1,755 and 2,821 rock specimens for the axial and irregular lump
PLS tests, respectively, and 326 rock specimens for the UCS test. The rock specimens underwent
PLS and UCS tests using a laboratory testing machine with specimens in the forced-dry,
forced-wet, and natural-moist states.

The correlations between the PLS and the UCS were linear. The relationship between axial
PLS (lsa)), which was calculated by the formula of ISRM Commission (1985), and UCS (q,) was
qu = 11.2 Is@), in the soft rocks with a UCS below 25 MPa. In contrast, the relationship between
irregular limp PLS (lsq), which was calculated by the formula of Hiramatsu et al. (1965), and
UCS (qu) was gy = 5.5 gy, in the soft rocks with a UCS below 25 MPa. The relationship between
irregular lump PLS and UCS applied to on-site tests of rocks with natural-moist state. The number
of tested specimens satisfied accuracy requirements, based on the coefficient of variation. These
PLSs were strongly correlated with the UCS. Therefore, the relationships between PLSs and UCS
established in this study were highly precise. We could calculate the UCS from PLS tests in the
soft rocks only when their UCSs were below 25 MPa.

The PLS decrease ratios were significant 60% or more even in the illite and swelling clay
minerals-bearing zeolite zones, including analcite, heulandite, mordenite, and clinoptilolite zones,
not to mention halloysite, interstratified illite/smectite mineral, interstratified chlorite/smectite
mineral, and smectite zones which were characterized by the presence of diagnostic swelling clay
minerals. These suggested possibility that surface water and ground water trigger rock strength
reduction in these hydrothermal alteration zones, resulting in a landslide or collapse. It may be
suspected that the PLS decrease ratio: Dr = 60% becomes reference standard in the possibility of
landslides. In the future, the results suggested that landslide potential within a hydrothermal area
can therefore be assessed based on hydrothermal alteration type and PLS decrease ratio. Therefore,
based on the results of this study, the PLS of hydrothermally altered rocks from hydrothermal
alteration zone landslide areas can be useful when evaluating modern landslide hazards and
constructing landslide hazard maps of ancient and active hydrothermal fields.

Finally, this study attempted landslide hazard assessment for hydrothermal alteration zone
landslide of the Ohekisawa-Shikerebenbetsugawa landslide area in Teshikaga Town, eastern
Hokkaido, Japan. The landslide hazard was evaluated based on AHP (Analytic Hierarchy Process).
A landslide hazard map was created based on the landslide hazard rank of 1-V as follows. Rank I:
stable hard rock slope, Rank I1: stable soft rock slope, Rank Il1: unstable soft rock slope, Rank IV:
potential landslide area, and Rank V: ancient landslide area.

Key words : Point load strength, Uniaxial compressive strength, Hydrothermally altered rock,
Soft rock, On-site test, Hydrothermal alteration zone landslide, Slope evaluation,
Landslide hazard map
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1.1.1 REXORBRAARSHARASEZOEBER

A D S E TR SRR 7 1£1E, International Society for Rock Mechanics (ISRM)
Commission (1985)'" %> American Society for Testing and Materials (ASTM)
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W a2 iem Ak Z OFBRRE TS 5 &, IAE MR L85 O il b 7K 23 i K
T 2720, T OREEKDPIBIK LRVIRTBIZ I T % %5 A A K O IEH#E 72 JHm is S
NESNRWHREMERH D . LARTHSEH TIE, ZoEEfRoh T, filx
X, —@hEMERBR R I X o TEAOMRI R 2B, A A IR -
Wz Z A TODATRIEN D HIZ BB 6, MRz Fidk D 105+£3°C TH M
L, @B2BIRoTWOgA DR . MRS L8 DR G K D a8 A
DS ZWRE L TWD DT TRV, REREE RS MMk LI o Rk sk %
EELIZAEARKOBIZETHDNEHAL LTI RY. —J, HaRklof
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MFHEIZHOVWTIE, AaiBaEZETOAR< b 1MREA L LTV E R,
THIFEEOREWILI ST, AARAEBDRLT LHAMMREICR RN &0,
¥ < OEARE E —EICRFIRIBICTERVWZ LR EOHENRH L. S HIT,
Woa 2 B2 TRAKT D &, Mo THEZREA T, HIboRIC 2 2 aTRetEn
b5, AR ofEEr O L, BENER LY & A D A ISR B R 2
VLI TR L OMARI FIEIZ DWW TOREIL R V. Zihvp x, MR L0 %
Bl A ORI TER KO FiED R R & ORERRICE 2 5 EEE N
ST L, MR L8 2 s O T ik X O T A 5 S
TOMLENDD.

1.1.2 mBRABIHARICEDC —SHEMASOETEICET 2HEEH
SRAAT IR S EBRIC RS < — il EME IR & O HEE 2B T A2 AFE F 6L, 1960 AR
~EEETICESESBESATVWS (Table 1.1) 193 zofEfp L LT,
SSET R S 1 & —HEMR & g, & OBIRIE, qu = 15.3 15+ 16.3'9, g, = 23.7 129,
Qu = 23 12922 q, = 12,5 1292 q, = 29 1,29, q, = 20~25 |14:28)
Qu=23.62 1, —2.69%®, q, =841 1, + 951 L nxFons (Fig. 1.1A B LW
Table 1.1). Z ®EAOBERIC OV TIE, Kahraman (2005)32CH Y i & 41

Table 1.1 Typical examples of equations correlating uniaxial compressive
strength (qy) to the point load strength (l).
REBFRSE—HERARS EOHEBEARIORKRSG

No. Authors References Equations Maximum value

of g, axis, MPa
1 D' Andrea, D. V. ef al. (1964) 19) q,=153/,+ 16.3 350
2 Broch, E. and Franklin, J. A. (1972) 20) q,=23.7 1/, 250
3 Bieniawski, Z. T. (1974: 1975) 21),22) q,= 23/ 350
4 Brook, N. (1977: 1980) 23),24) q,=125 /; 300
5 Hassani, F. P. ef a/. (1980) 25) q,=29 /, 200
6 ISRM Commission (1985): Brook, N. (1985) 14),26) q,=20~25/, 250
7 Hikita, S. and Kikuchi, M. (1988) 27) q,=123~15.0 /, 200
8 Kahraman, S. (2001) 28) q,=23.62 /- 2.69 150
9 Kahraman, S. (2001) 28) q,=841/ + 951 150
10 Tsiambaos, G. and Sabatakakis, N. (2004) 29) q,=13 [/, 50
11 Basu, A. and Aydin, A. (2006) 30) q,=18 [, 200
12 Agustawijaya, D. S. (2007) 31) q,=13.4 / 12
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Fig. 1.1 Typical examples of relationships between point load strength and

uniaxial compressive strength in hard and soft rocks. Numbers

correspond to Nos. in Table 1.1.
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A (Fig. 1.1B). £z, ZaboB/RAL, s 2T 2 msifr
PR L —HEREIR S EOBBREAONICL TS EIEE AR Y. A EEBEIC
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and Sabatakakis (2004) %, Basu and Aydin (2006)3%, Agustawijaya (2007)%V72 £'ic
FoTHESINTWDD, WEICBIT DBERICHENTIEFIZA 2. £/, Table
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Ens O zhdx, SEMRES ZEA O —EEMKRS & EENICERST S
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JEAESR & & OB DL 3, A=V v 7 a7 B o 2 8E LR
R IRLIERE T 27 PNCB T 2 AEMESRBICL b0 THY, RERMER
RIZBIT 2 mE AR S & — il EfER S & ORRE I &S L2 FFII 2 0.
Tz, TNETOMEEFIL, v —H A MTBWT, AA0HRI 2tk
ISR T & D LI E A Y,

1.2 MIEOBHEESE

AR DOF F D, RimLTIE, £7, #aPIC k< R o2 MR L3y
E e A O TTER X O E S AT R S ORERERICE 2 DL
122 L, sl iR S RERIC I 1T 2 MRS L850 & & T8 A ORI TTIE,
fafn it K OMERIREE &, SRR SR TIELH I T 52 &2 A
e LT, AAZ XA NERENRZ D “FHEORIKAE (BUKEEER) & H
UWNTC, gl R ERRBE (105+3°C, 80+3°C, 60+3°C 35 L Y 40+3°C CHfiilezlg L 7=
WHE) I X O HIE R AR 1T 36 1T D sl 78 & BRBRGRS SR & Bl i L 72 RIS,
Bl S ERRORBRGIEICESHNT, ZhETiFEAhanzno
TR =R EERRTRE ks 36 K O JE 25 D BUKZE B 25 D ) F Rk 2 B 6 98I
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FAE RAVAA M EETCEROREBEERIARAE

RETIE, AAI XA NEHEOR D ZFBEORIKAEEY H Wiz, il
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£2F MARNRMEBOMES S UVRKEE

Jext Stk (Fig. 2.1) OALHRERALIEIE A A — > 7 #A 4R B R 050 A i g BT
A= R s L ONE L T RO BERT B VE Mk &, BN S IR BRI AR 26 1
YL B U D U 36 L OBUKZHIZ W THHIRICEER T 5.

2.1 =ERETHHE[REMIE

A= mFE I (Fig. 2.2) OHUVEIE, EE8E HR~ b 5 = R BERTHE 5 0l 8 i & X%
a e L, EHH =R EE A mIRE S K ORBIE, o =R o i
B o> b A SRR e RER, 55 DU % BT 1L RE R R T HEAE A, 1T Rl B HE A
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? Y Sea of Okhotsk
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in Teshikaga Town

Sea of Japan
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Hokkald'(r)‘-\"'
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CATN ) Asahi—Nishi area V1
4 in Rubeshibe Town,
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L 41°N
Aomori O\ 142 143°E  144°E  145°E 0 200 km
|

Fig. 2.1 Location of the study area, northeastern Hokkaido, Japan.
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Wk L ONE I~ HEREY &, BN RTEHREIRMHEREY, LoD
L O REHER Y 572 % (Fig. 2.3) 339 AWFE L, AHICIE < 454 L,
FICERIKE R, WER L OWRE, B, KILBEEIRE, BIRARSE, Tl
AEEBLOZLEEEN LR LEMETH S, KA, EHEEE RS
ICBBV, BICEKEES, WAl X ORE, BERE, BAEIKE, KL
IR, GRIRAMEE, MBCAEARENLRLEMRE THD. ZiLb DAL,
BERVER, BUKEEERB X ORLIER 2% T 5. A H 5 E O B #E T
NNW-SSE 5 [a] O #4 dh il 2 £Ff > I R & 36 L MRS & TRES T 6005 23,

(\I N~
N2 N
¢ 3\ Sa&- "'—"_l'\
D \
3" /”?614, \
S age \
« Wa p, Mt. Maruyama "
e, A556.4
On-ne Mt. Kami-lkutaharayama
—43°56'N R’ver ‘/—
Ikutahara - s
% Engaru Town i‘
‘{v; Ikutahara i
—43°55'N = 1 —
% :
e v
3 \
. i
20 NO 2 E E
< |
?(e’\ec\\“a\ Fig. 2.3 ,
QY A i
= 43°54'N River \ % P
tgaWa o < . .
analdd %, Yae Mt. Suribachiyama
rasti™® luki < %, %, 7061 A
QO . 9"@ ke
®
143°30'E 143°31'E 143°32'E 143°33'E 0 2 km
| | | |

Fig. 2.2 Location of the Ilkutahara area in Engaru Town, northeastern
Hokkaido, Japan.
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KplEoEIRHTH 5 (Fig. 2.3) 339,

AL, %IRRT S T R T 2T T, B Bk — BUKTEE S K
*ﬁ&:%u“’*”’, e B o i & mi AT HH ~ AT Tt o R x < ZEIodk ) £
MESERILALAERICHE ) BOKEEEHZEEHE L TR TWnD. ZOEUKIES)
a:l%'éiiﬁ LT OERIROKBILRN K SN, —RIEICY 751 £k

AEOKRATW AT —VEOKEEERIL, RREEHEOAA I ZA4 N—EF T A
M (HhA) e, ZhEbo THET D, BMIAEARRSCARE—T T 2707
OKEFR) IREIRBT DIREHRHEO ) BAE, 4174 MEBX A 74
AA 7B A NROBEDE THEEST LS M. —F, ZEBICY A E
IEABKZBZIART —VBOREBEMEMRIX, b7 EABUKRFTH X 7 — P #0K
BEHKZY > TRET D, AE—TILFA b (ANVA) RCAE—T 4 v

1\\\

A MRZ IS 2 IRBREREHF D7 1 v I A B,

YA NH TR ST 55 .

Maeda et al., 20113%).
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Geological map of the Ikutahara area in Engaru Town (modified from

B IE)
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2.2 bR B8 052 BT B 7 i s

BV s (Fig. 2.4) OMUE L, HIRALHREBIC oM 5 EF A #ER~EH =R
BEBTHLIE B 2 ke & L, EISHTR R R T AR U B K OV IMR IR
o5 DU % 56 9T 50 Bl IR

=R %E%E%ﬁr‘fﬁ%ﬁ?ﬁit&%%%i(ﬁyﬂﬁiﬁﬁﬁ:iﬁ%%2:,
HEFRE W 3 L OB REHERE M 2 5 72 % (Fig. 2.5) 9. /MAIRJEIX, Fig. 2.3 12817
HRBEAHYE THY O, FITHMILE 2 & TR SRS BB b 72 5 i kB

Thod. £, MIYRBIINESIIWEREICBEDN, SbIT, £TD LA
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Fig. 2.4 Location of the Asahi-Nishi area in Rubeshibe Town, Kitami City

northeastern Hokkaido, Japan.
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Holocene Series
Alluvial deposits
Alluvial fan deposits

Pleistocene Series

Pumice flow deposits
Upper Miocene Series

Komatsuzawa Formation

Ikutawara Formation

LEGEND

Gravel, sand, silt, and clay

Gravel, sand, silt, and clay

Lower fluvial terrace deposits Gravel, sand, silt, and clay
Higher fluvial terrace deposits [ Hft | Gravel, sand, silt, and clay

Pumice and volcanic ash

@l Clastic and volcaniclastic rocks
Rhyolite lavas (Kanehana Lava)

Clastic and volcaniclastic rocks
Upper Cretaceous System-Paleocene Series
Yubetsu Group Il sandstone and shale
Y~ Strike and dip

‘ 0

1km

Fig. 2.5 Geological map of the Asahi-Nishi area in Rubeshibe Town, Kitami
City (added from Maeda et al., 200139).
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Xy END .
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I I Mt H I.d . I A313 I I
. Harumidai -
A316 Mt. Yukimiyama
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Fig. 2.6 Location of the Okushunbetsu area in Teshikaga Town, eastern
Hokkaido, Japan.
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LEGEND
Holocene-Pleistocene
Alluvial river deposits Gravel, sand, silt, and clay
Ancient landslide deposits [[La’] Rubble, sand, silt, and clay
Talus deposits Rubble, sand, silt, and clay

Lower fluvial terrace deposits Gravel, sand, silt, and clay
Higher fluvial terrace deposits [ Hit | Gravel, sand, silt, and clay

Teshikaga Volcano Somma Lava Basaltic and andesitic lavas and tuff breccia
L + : o e, sand
and dacitic volcaniclastic rocks
Dikes
Rhyolite
Andesite
Basalt
Upper Pliocene Series
Shikerepeyama Lava Dacitic lavas
Upper Miocene Series
Shikerepe Formation [sn ] itic and dacitic volcaniclastic rocks,
sandstone, and mudstone
Hanakushibe Formation [\Ha"] Mud and andesite volcaniclastic rocks
Oteshikaushinai Formation @ Conglomerate and andesitic

to dacitic volcaniclastic rocks
>~ Strike and dip
N2 Anticlinal axis
X Synclinal axis

N\ Faults

Fig. 2.7 Geological map of the Okushunbetsu area in Teshikaga Town (Maeda
et al., 2008*¥).
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E£3F MELE

ABFFE TR L7 s A akehid, AbEEALEE A A — Y 7 A IR BRSO BB
68 MY A PR i ek s L ONE B T RE IO ST B VE s &, SRR A R BRI R A T
JE BT B I e (Fig. 2.1) 1B T 2 {baBukiliio iR 6N~ —70 &4 fiff
MU CERE UTMBLBEICE, PRIGEIKE, B AR, KILBEEIR S, %KY
e, BIKEWE, BIKEBABIOT AV A N0 8 MOBUKEEE L, Bk
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DIENDITEE 2 RFEEICEUEIER b2 T b, Hadkkhit, T 3720 8bko
BN =T ICL DI BOZEO VIR NFEHO PO S, s # T8
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Uniaxial compressive
strength test specimen

Cut core samples to a length of 20 mm Physical tests specimen

Core the rock samples.
P and 100 mm using a diamond cutter.

Point load strength
test specimen

Fig. 3.1 Test specimen preparation.
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BHZ D WT, Bk X BREPEBRZ B 2720, S#arsm S a5 H o ks Lo
— I ERER B o A 2 ER (Fig. 3.1) L, KMEMWFRER, sfimim SR
BLO—®EfHRBRZ B 2o 7.

2B, RBRITETERBREANTEZ 2V, R F o =ENIEE B I O
JEIXEN TN 20°C BEL UK 40%TH 5.

3.1 ¥X X EEFTAE
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Lo T2 yum TR IR 728D, EHFMXRD T —FBLR=F L 7Y 2
— JVALEE XRD 7 — X IZ X o CTRIE L7z, KERBRIL, SR FORE IBI]
HEOMBEIZLDKTIEBREEOEZZFIHL, MtEWERELTZWGERE
WCHWOLNDIWEETH D, OB GIEIL, £77, 75 um KO K E 59

AR AK200mlZREY, X<#@EEEL, RBREICED. ko, —ERFREKET S
L, 2um L E ORI IS 50T, EEAKERY, mOSBEEE S AL T
LRI S 5. IRMEMME AT A4 N7 A EICIRIF THREE S, il
[ DM FNEATIC A 7EE T AakEl (Bdmalpt) & LT XRD Rz 36 272wy, b
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Fig. 3.2 X-ray powder diffractometer (Rigaku RINT Ultima®).
WER X REFEE (KXY HIE RINT Ultima™)

T ERET S, = F LU a— VRERIE, SR O A& T R O kR
TF LY a— Ll El L CEENAND Z AL, EHA XRD 7 —
CHWT DL LI Lo CTIMMEM LM ERIET 25672 EICHD R HIETH
L. ZORBRGER, EFMNRABZZTF LT a— LD ASTET v r—42H
WZAIL, 24 K%, ZORBIZROHL, =F L7 ) a—LRBalE e LT
XRD iR Z 35 Z 72\, WM MER L 2 RET 5.

X fREPrEEE IR A4 Y 727 % RINT Ultima® (Fig. 3.2) ZfEiMH L, Bk
SMRIE, BER CRFatR) d L OWHE X # : Cu Ka (1=0.15418 nm), &L :
30kV, BB : 20 mA, FFES:1s, AU » %R :1°-0.30 mm-1°, £ : 20°,
AAHE : 1.000°/min, EAEFPH : 2.000~40.000°, 7 /L A/ — L : 1,000 c.p.s.
Tohbd.

3.2 YIEHER

RHUET R SRR KOVl R R BR 2 b 22 O BN HERIA O EE, & &, i
BEE, BEEERSIOKTEELZAE L, A OBmEL L OMERE L, i

18
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B, fAFNEE, WKRBIOEMMERELZZNEAE N L. R ED0E
EBLUEIIT/ FRAZHOCTHEL, wREER L CRMEE®&IL 0.0l g D4y

FRE X FFOB 1 R A2HWTHIE L. REFETIE, BRAKEL X OH 2 HKRE
X, Fntn, HEAOREEE L VRERE L OEORBEEIIH T 2HEE
F OB &3l U T 2 Il E TR 22 LR O RRFE IS KT 9~ 2 [ BR D b & E £
U7z 9 ek o iss B, M, WoksRE L OE S BRIk RIC X -
THRM L.

Pqd :T (3.2)
Msa
psat V : (33)
Q=Ma=Ms 100 (3.4)
Md
n=Msa=Ms 109 (3.5)
Msat_ Mw

ZIT, pyl RO (glem®), pa (TR A ORI E (g/em?),
Q It DOWIAZE (%), n A DO HF LK (%), Mg lIHEEIEOTRE
& (@), Mol dREOME R (g), My ZHEFREOKPERE (g), V TR
KoEFE (cm®) TH 5.

3.3 mEfrsd SHER

AR AT TR S BABRIE, EREDROEE (AT —) @ 2 M THREE DA,
WA T2 LIk o THRELZHRESE2RBTH S, SlAFRSHKBRICHI
%A EE 13, 10~60 FOR CREEEICE B R 010 L x5 8, SRR S
REREBELHEZRVEIIC, —EHE (100 N/s) THM Lz, BUKEHAED
MRS ZWET D0, AR S KB A ER L7 (Fig. 3.3).

19
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3.3.1 mREF®RIAKRE

AT CHEA L sl oh S B, iRz ke ditia —, #lifra—
BT OHM T L—L4, Hiffa—C OB ARZNETLXA YT
—vl, HWMMELZMNET 20— FELBLOWMEREEE» BRI D
(Fig. 3.3). #ififa— > OMEIL, ¥ 1 A8 (SKD) TH Y, +472flttE %z Fo.
7 — RELB LU EEEEIZZE RS ItEER LU-500KE B X
A WGA-670B & H vy, v — RE/LidA K 5000 N £ ToOffdE 2 HE A2 TdH
L. Fi2, #ifia—rofRIiE, TEA 60°, m¥E5mm THY (Fig. 3.3),
ISRM Commission (1985) ) THEENTVE LD LFA—DERTH 5.
3.3.2 #EHRK

SREAT IR S RBRIC B T A BRI, P RE (B #ERRR, PR Gige) S GAIAR,
BT, RRABLR AR X OERRIERS H 5 (Fig. 3.4) 970 = =, FEE ()
BLOHEGD) A L1, RV T, ThEN, SMmcEEER L O
TRGICHEMT 2 HREBIRO Z L Th Y, REABLIRGE L 1X, RERHR
KO L ThHD. ABFFRICIT 2 A HEA R S 3B O LR T R IE A Giie) 3t

Load cell

Rock specimen
/ (e.g. axial test)
Conlcal loading —
30
L platens 2

Photograph

Loading frame

Universal testing
machine

Dial gauge

r : tip radius

Load Manual control
measuring handle
system

Schematic

0 20 cm
[r—

Fig. 3.3 Point load strength testing machine.
RE TR S R
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KB L ORERMERE (RRABLIRAK) & U7z, FAEGE g, =R
— o= =B AVYEL Ry X —% LT, EA50 mm L,
B S 20mm BREEICRIE L, HEEK L L7z (Fig. 3.5A). Z DOJEIRIL, RENES

Fig. 3.4 Shapes of rock specimens for point load strength test. A: diametral
test, B: axial test, C: block test, D: irregular lump test, E: ball test.
REMASHBROEFAARK (A: AR () HER, B: AL GO R, C: EAKHA
BR, D: FIRABKE (FEM) HER, E: BRKEAHR)

Equivalent circle

D =-:' - W= (W,+W,) /2

W=2L P 0.5D<L
P : Peak load (Failure load), D : Distance between two loading points,
D. : Equivalent core diameter, L : Loading point distance, W : Specimen width. UL

Fig. 3.5 Shape of rock specimens, load configuration, and conditional
expression for (A) axial point load strength test and (B) irregular lump
point load strength test.

RBFRSHRICIETI2HARERS L CHFTARX (A: A ) SRR AR,
B: AEM A&k EHR)
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T, A=V 7 ar7EEBeENTELMEZHLH. ZO~TEIL Fig. 3.5A F10
03W < D < WO I OLm@R S5, 2O, HRAKOTEDHEDOE
BERVRSTEDIZED LN DO TH L. FERMRIMRIE, SR S R
MR E LR ORI D 2 BERE TN EARABIOFICAL LS 72K
&L, Fig.3BIZRT EXoRBIKE L. 2, RERBMEFEMEO LI 72
8 W % 50 mm F2EE, AT kg DX 30 mm 2 & Lz, Z O~FiklX, Fig. 3.5B
FD03W<D<WEBEIR0ED < LOFKMAEIOLEES2. bk
L, RO TESROZEBEZRV RS TEDIZED LN DO TH S, il
RERIRFICIE, SEICEEZRITFT L) REACHEREL HE X2 WE D ICERE L.
ZIT, BEMEROEAORBREB IR ILA, BEESCEMmIZ K L CE
ERLOETICHMTL, ThAO0F— 22K LTHIVERH D 0. 2h
X, ARWFZETIE, EHmAERIN LI 5 AaREHI DWW TIE, EHmICx L THE
BEZITEITOEL LN LTz (Fig. 3.1).

WA, PO feaiE s L ORERERIEICB T 2 Afimims (BT, £h
Zhv TR () s S ) BILO TREEAEMBS ] L5L7T.) ORI FIE
IZOWTRIRT 5.

3.3.3 MAHG) REFRSOEHAIE
AT () b i o & 1T RIS K o TR L7z 1919,

_P
s(a) D 2

e

I (3.6)

T2, ls@lE HAE Git) iR & (MPa), P OIZAGEEfTE (N), De 3%l =
T (mm) Thd. EfiaT7ReEE, —OOEM A% E KD /NS
EELVWHEBER S a7 OEZTHY (Fig. 3.5A), kKL THHEIND.

_4WD
T

D’ (3.7)

e

Z T, D iE M = 7 (mm), W I HEEAEEE (mm), D (& 4 S fERE (mm)
Thod. HEEREICEBWYTHM 2 — > OBE AL LD #Wm k@ D 2BA/ha <72
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SRR, SEMEI0EHICBWY CHRERFo#E M ABE D2 H v
% OO0z x, KBFE TR, RREERE O A DA R L o THEH
L, BRI 2 MM AFREDICE Sz THEMMIZEB L.

D'=D-« (3.8)

ZZC, DUIBEERF O AN (mm), D IX#Em AR (mm), aldgtEE
BT o#ima— OB AE (mm) ThHhoH. #lif @ DX/ ¥ X% HCHl
EL, Hffa—r OB AEdUIT a7 RL A YAV —VEANCHEL. 7
FTr KT A YL T =D, A — VIR 0.01 mm Th D bEENZR S O
A LT,

3.3.4 FTEEABKMASIOEHAGZE

RIET SRR S OB TS IR () SHlAm s & FgEThp 9710 |
L, NEBMRKOEEIX, #f A% 5 i/ Wrimnfd o Wmn e R E
TIRARL, FHATHL D, Sfia7ROBHARETHS. hwz, &
WF9ETIE, RERSEMES 2 FERIED (1965250 T, wic k- THE
HL7-.

K—— (3.9)

ZIT, gl RERAHEMR S (MPa), kIZERK, PIXMEME (N), DI
WA AR (mm) THDH. FERIED (1965) VIR EFRMEREKIZHOWT, k DFH
ELTIIRICEfR 2L, 09 ZHWVWTWD., Tz, AFEIZBWTYE k Off
ELTO09ZMWE. Zeds, FIFEGie) Al iR S 38R & [AARIC, AR O HU A
HhE DL B.8) Rz ko THI L, B9XRicHiT2HEmififE D ICEX#H LT
SRR S 2B H L.

(3.9 KIE, IR ERB LI OHESDREZBE L TRV, HamfaHRE D R%E LT
i, FEE, EHE, SLHEZRE, WThoMERERR T TR TRERICER D
NHZ LIy, BITECITHERE I TW W, KFFEICE T 52 RERMEKIE,
TELHRETEROHi-T2b0EHEHA L, 2 CTOMEBEROE/NmAENIZIER T
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KESITZRY, FEEAIZ, ISRM Commission (1985) %> ASTM Standards (2001) ¥
TEDODOLNTWD HFIETHML TWA Z & EREMICHEMEHE TE S, Lz
NoT, REBERAETH-TH, TOREKBLOTELZ TEL2FTRELD
T UE, CERIED (1965) VDT AICHERTE L LB ILND.

3.4 —EhEHEHAER

— iy A SR 1, BEEUR O S & R, SRR o 2 [ CEEUA & B
WD LIl Lo TR KR L IESIE LR TH 5.

— i JE AR SRR B 1T A AR IA I R, AR EIR S 1 OVIE A AR R BUAR Y
% OSSR BT B AR BR O MR, AR S AR L
ROBH 26 ALK L L, T, ENHARA - v 7~y —rB LD
FAXEY ROy X —%MHL T, EELL0 mmfEE, &I 100 mm f&E 2R E

Shape of rock specimen Uniaxial compressive strength testing machine
P

A Load measuring system

- Rock
0 5cm i1~ specimen

m h/W = 2

20mm<W< 100 mm

P : Peak load (Failure load),
W : Specimen width, h: Specimen height,
A : Initial cross-sectional area.

Fig. 3.6 shape of rock specimen and testing machine for uniaxial compressive
strength test.
—HEEHRICETIHEBRBRE LUV —HEMREARE
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L, ek L7z (Fig. 3.6). Z O {EIX Fig. 3.6 #® 20 mm < W < 100 mm

BLONW ~ 2 0% DD 45, b, RBREROHAE L

B EHBREBORBEDORNPOLED LNIZLDOTH D, SHEAr iR I Bk & FERIC

R m AR SN DREHZ YW TIE, BEHmICK L TEHEEZITFEFITOEL S
IZE L7 (Fig. 3.1).
ﬁﬁ%fm,~%E%ﬁ%m%Eﬁﬁ%ﬁ%wO%ﬁAﬁ%¢%¢%Fm36)

EHEALTRE IV, —EMFR S TR X - TR Lz 990,

P

=" (3.10)
2T, qulE—HEMEIR S (MPa), P IR EE R E (N), A IR AEE AT F RS (mm?)

ThbH. —HEMERBRICE T DA EE L 0.5~1.0 MPa/s TH 5 D% —ifif

JEAG BRI R O E 1T 50 mm 2 (A = 2,000 mm?) THDH78, AT

— Wil A BRI B 1 D T £ 2 1,000~2,000 N/s & L7=. 7pd, iBREEIC

;tﬂ?fﬁ“é%:ﬁﬂ% L.
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FAE RAVFA+EZECERORBMBSHRTE

4.1 FEREH

A RBHE, B A E SRR G R BLJS 26 - JE BT AR R U R o > 7 L
YIRS 30T DB =R BT S LI IR < BT S BUKAE Y
WD L, BT A MHERAEKAES X OMBLEIK S THY, ~Nr~—%1ff
HALTERELEZ. 2hooaalEHIXRD T —XI10kd &, AAXA XA NE/D
EEORE, A A4 P EBBEEORABBLIOAAZ 24 F2EFER20R
BHZ =& (Fig. 4.1).

AA 7 ZA N EE ek (GBS 080608) 1%, WIRMIZZ U — A%
2L, ZEODENLT A MBIV EOHE, BA, AAIXA KN, 7V /X4
ABTA NeENLRRDBARIKETHD (Fig.4.1A). A AT XA KN EBME
Geatel GRUEFE S 070521) 1%, WHIRAIICHRFKKGAZ R L, ZEOELT A
MOV EOAHE, BA, AAZHZA N, 7a—J4F GFEA), 474 b
R EMNL IR AR EEIK s T D (Fig. 4.1B). A X7 ¥ A4 & EvikkE (R
£ 5 080615) 1%, WIRMIIZZ V—2a@EE2 2L, ZE20FELT T4 B LUD
BEOAR, RAOKEND R DHDMBLEIKS TH D (Fig. 4.1C). A AT Z A b &
MESOLHREBLOARA I A4 VeE&E 0k & X, REFA XRD 7 — X I
BWT, AAZ XA F® 1.49~1.50 nm (26 CuKa = 5.9°) ORIFTHERAER T X
72y (Fig. 4.1B,C) 28, EHNL XRD 7 — X TlL, TNEh, TNNHERTED
LOBLOHERTERZVWLDODZ L THD (Fig. 4.1B,C).

ZIT, AAZEA MEAER IO ES TRBHE, b A AL i 8 T
AR FE RS ) UIC I 2 BT =R BT AERIRE O A A 7 24 R E
HENR D " REOMAIEEIK S OARE A XRD 7 —4 (Fig. 4.2) & g4
LE,ARXATZA D 1.49~1.50 nm O EHTHR A FEEL OFE /3 BEME 2R L TW 5.
AHEEMTXOHIRICRBT2AA 7 XA bEaLbEERREOAX I X A4 G
HEIL, T8 XRD W EHEIEIC L > THIE LR, M Twwn Th o7, 7z,
AA T HA N EBEE RN, RNESNXRD 7 —ZIZHBWNWT, AAT XA
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Fig. 4.1

BKEBEEDRBFEESHRICE I —MEMRESOHTE

1,000 —
Symbol of minerals :
_ A :Chlorite, <: Clinoptilolite, + : Feldspar,
« & : lllite, v : Mordenite, « : Quartz,
Q .
o : Smectite.
= 1.49~1.50 nm (5.9°)
2 1
[]]
E
0 I_ 1 | 1 | 1 | 1 J
2 10 20 ﬁi 30 40
[ 1.49~1.50nm (5.9°)
pd
2 o oriented data
o O
E N
]
()
> =
-
© S
o
s
3
| L | L | L | L |
2 10 20 30 40
%
. 1.49~1.50 nm (5.9°)
2
£3
£ oriented data
: ]
> =
e
c =
o
2 =]
3

2 10 20 30 40
‘20, CuKo radiation

Unoriented and oriented XRD patterns of tuffs. A: Pumice tuff (Sample
No. 080608, the samples contain small amounts of smectite.), B: Fine
tuff (Sample No. 070521, the samples contain very small amounts of
smectite.), C: Fine tuff (Sample No. 080615, the samples do not
contain smectite.).

BIREEOTREANM (—8EAM) XRD/XFZ—Y (A: RAV 84 2L EBEATE
BEIRE B: RAVEA FEBHEELCHMEIRE, C: RAV8/4  EEFR
U KT ER PR )
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1,000 —
Symbol of minerals :
L < : Clinoptilolite, + : Feldspar,
% % : Quartz, o : Smectite.
Q
o
= | 1.49-1.50nm (5.9°)
2 |
] <
£

o
[

Relative Intensity,
scale unit = 200 c.p.s.

2 10 20 30 40
°20, CuKa radiation

Fig. 4.2 Unoriented and oriented XRD patterns of smectite-bearing fine tuffs of
the lkutahara-Minami landslide area in Engaru Town, northeastern
Hokkaido, Japan. A: The samples contain small amounts of smectite,
B: samples contain very small amounts of smectite.
tEEESEMERRBAMIRNYMBICETE2RA94 4 FEEOHARKEDT
EAM (—8EAM) XRD/IXZ—2 (A: XAV R4 +E2VEETHEM, B: R A

784 bEBHESTHM)

kD 1.49~1.50 nm O EIFTHEA R TE 2\ (Fig. 4.2B) 28, EHHL XRD 7 —
2 TlL, TR TE 5 (Fig.4.2B). ZDOZ b, BEERIMEBICKIT S X
AVEA VeV EGDHABBIORARA T 24 M e EGREO A X7 X 4
FEREEZNEN 5~10wthB IO 1wt RiiE CThH D EHEEIND.

IO O ORI R, fIfnE R, WoKERB L OA MR A Table 4.1 12
A RRORECE Th 5 KB A RECE EBAEIKE) ORERE, WKE
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Table 4.1 Physical properties of tuffs.
BRIEEOMMLE

Sample No. Dry density, Saturated density,  Water absorption, Effective porosity,
g/cm® g/cm® % %

080608 1.043 1.605 54.52 54.93

070521 1.172 1.690 43.70 50.69

080615 1.217 1.739 40.15 48.57

Oya stone 1.350 - 29.20 39.80

BLOHEDEEMEIL, ZFh, 1.350 glcm®, 29.20%35 L Ot 39.80% CTHh v
(Table 4.1), WFNORE L KEH & HIT 5 L, BREENAS <, WAS
BIXOEIMBRENKZ V.

4.2 WAEAZE

BRAR U 7o a A ik 2 & FIAE () sl of S U o il ik 2 /R LU, i
BB ICEEELCORE L, FH @) milifR Sk e 2o 7.

Z OJFEE, FAE GHE) S R S R ] o ik B o0 Rz R L EE o L OV fER B
&L RICIR TR 2 5 72, it {K % 105+£3°C, 80+3°C, 60+£3°C 35 L U} 40+£3°C
THBLEEEZOMBEREL, KIRLLLEZOBBEELZMEL, TLETN
ODEEEAEZBFT LI, KFETIE, BEEEICHWZKITIEEKRKTH L. Bk
B LI EesRL, S BROMERMRICKREREELEZX DL OR I T v I &5
EFRVWbH D, WIRAICE LD [E Uikl 2RO, ARV ELRE =L H
B L7z (Tables 4.2 and 4.3).

4.2.1 FREBEEDAE

W EEAZNET D8, RO mB S KEN R D LR ZE Db 572
B, HEEETOEKIRENFREO AR THRE L. 97, ffRiEO MR
KoMEEZHEL, 0%, K%L 105+3°C T3 E L2 i BIF 12 A,
3 M), 6 WEfH, 12 WfA], 24 Wffl, DR 1 H D b o E &L iek L7, W
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Table 4.2 Numbers of specimens for the measurements of dry and wet
masses.
RNBREEERSVEIHEERNTEOHAKELK

Purpose of each examination Numbers of specimens
080608 070521 080615
Maximum temperature
To reveal the relationship between drying time and change 105+3C 5 5 5
in dry mass of a specimen dried in an electric oven 80+3C 5 5 5
60+3C 5 5 5
40+3C 5 5 5

To reveal the relationship between immersion time and change
in wet mass of a specimen saturated with distilled water

BHEIZEUR 2 Ro B CTHREBRZ& T L. —RIZ, A0 EEOH
ENX, WRLERABREZFTOKGERKLENLEIICTDEDICT VT —%
RETRBEZERETHELTOLBIARALALN ™, KIS TIE, HEFE)
B L7-ERICEBRERONEE B Z o7, FERIEE 80£3°C, 60+3°C B LW
40+3°C D — A b RBRICHEBEEOWE LB 2o 7. KT, FRiEE
BT, £k 5T >0AE 60 HE L7 (Tables 4.2).

4.2.2 ERHEEDRE

LR Z AN R IC T 572, KICRT HIEEZERALE. 2ok,
HETRAKTDZLIZEST, RAKBEOENLRHDARA 7 XA N GlaA
REOHEEICEH THDL EEZOND. £T, KICERTHIOEREO W E &
ERIE L, Zo%, #REEZKICE L, 3 FER, 6 KRR, 12 KR, 24 K[, U
%1 AZtoRMEELTHELZ. BMEEIIER R Lo BB THER %
KT L BEEEE, P LB X A CHBRKRER O KD Z R & B> TRl
E L. 7eds, REFFRICEIT DKDKIEIX 20°C TH 5. fakikix, £k 5
FTOOAEF 15 EHE L7 (Tables 4.2).

4.2.3 P4 (ff) = Hfr iR S HER
FOAE () A3l iR 1, SRz IR iE 4 7 — X B T OBRENR KRB W T, X
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Table 4.3 Numbers of specimens for the axial point load strength test.
M4 () SR s SR o A E R

Sample No. State of moisture content Numbers of
specimens
080608 Forced-dry state (105+3C) 30
Forced-dry state ( 80+3C) 30
Forced-dry state ( 60+3C) 30
Forced-dry state ( 40+3C) 30
30
070521 Forced-dry state (105+3C) 10
Forced-dry state ( 80+37C) 10
Forced-dry state ( 60+3C) 10
Forced-dry state ( 40+3C) 10
10
080615 Forced-dry state (105+3C) 30
Forced-dry state ( 80+37C) 30
Forced-dry state ( 60+3C) 30
Forced-dry state ( 40+3C) 30
30

A7 B N REDRBBEGR A7 X4 M2 EERVRETH0ETOL,
ARXTHA B EES TR T 10 #3 > D4 & 350 18 & L 7= (Table 4.3).

4.3 HEEREBIUER

4.3.1 HEBEEEDOZIL

B O WL BRIRFE 10543°C, 80+3°C, 60+3°C 35 L (8 40+3°C 281 5 # i
EORERE R % Fig. 4.3 12737,

WP OFEE b IR E 10543°C CIXRLE A S 1 A L 2 H#, 80+3°C T
WL RS2 Atk L 3 A%, 6043°C TIdHzl A4k 3 A% & 4 A, 40+3°C TiL#
BER 4 AL 5 HROUBEEDOZ(NZNENAONT, HEERE OB
WX o T H N E7e > Twd (Fig. 4.3).

FORE B ONE &2 3 27 o In i UAE T A S > TH 528 (Table 4.2),
— T, SRR S EEBRIE 10 U LofEERER TR b 2 ENE
< ONIOID i SRR IE, MO B A RIS LR T U, %mﬁ@@g
PERRIC K o CTHEZR Y, F72, @i aEOEKRENEARE THNIX
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KbELRD,

W IR IF[A) & B ICIRTE S D 2 ST L v,

Jo B A B B R0 HE IR DE NI
ki A % 105+3°C T 1 HLL E, 80+3°C T2 HLLE, 60+3°C T3 HLU ERB I W
40+3°C T4 AL E—EH &
DRI FLHIRIE L R LT 5.

Forced-dry state

Lo THHBERRNRLRD Z 0D,

(272 B F CHLE

LTCREBE A A7 24 M EE T

Sample No. 080608 (the samples contain small amounts of smectite.)

Forced-dry state

Forced-dry state

Forced-dry state

- >
— —

L2 - T, R
=

AR

% (105+37C) (80+37C) (60£3C) (40£37C) 80
- 7oi w 70
S0 : B % ey
@ 50 P 13 § L % 50
8 g 5 5 ° 8
S| § 3 88 66 8 & | S
b5 =
30 30
20 RS T T T T T T 20 : : e
o 1 2 3 4 5 60 1 2 3 4 5 60 1 2 3 4 5 60 1 2 3 4 5 6 0o 3 6 9 12 15
Drying time : £, day Drying time : £,, day Drying time : #,, day Drying time : £,, day Immersion time : £, day
Sample No. 070521 (the samples contain very small amounts of smectite.)
Forced-dry state Forced-dry state Forced-dry state Forced-dry state
(105+37C) (80+37C) (60£3C) (40+37C) ”
70 ’ ’ 70
™ 5 ™ 9 TYTTTEEREERELY:
=70 E & ’ 8 s F
@ 50 — o @ 50
g |fae = 55 @ @ 8 8 8 3 R It
) E
5 =
30 30
20 T FE T FE T FE T PR 20 — I
0o 1 2 3 4 5 60 1 2 3 4 5 60 1 2 3 4 5 60 1 2 3 4 5 6 o 3 6 9 12 15
Drying time : £,, day Drying time : £,, day Drying time : £,, day Drying time : £, day Immersion time : £, day
Sample No. 080615 (the samples do not contain smectite.)
Forced-dry state Forced-dry state Forced-dry state Forced-dry state
(105+37C) (80+37C) (60x37C) (40+£37C)
80 ’ 80 ‘
70 70
o % < §EEREREREEEERE
=60 g S0
. P 8 7 g =
g % ; A g 50§
s 8 6 o g <
Egypflo o8 §.8 s E g
A
= %0 =3
20 T T T T T 20 : — :
o 1 2 3 4 5 60 1 2 3 4 5 60 1 2 3 4 5 60 1 2 3 4 5 6 0o 3 6 9 12 15

Drying time : #,, day

Drying time : #,, day

Drying time : #,, day

Drying time : £,, day

Immersion time : £, day

Fig. 4.3 Changes in the dry and wet masses of specimens.
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4.3.2 ZHEENEI

2 ROR O MM E & O E R R & Fig. 4.3 12”7,

AR ZA PEVEGORBTIIREEI K 12 Atk s 183 AR, AAZ XA |
EBESORBEBLIOAAZ 24 2B £V TIREBEEK 14 Ak E
15 HEORMEEEO RN ZNEAR NS, ORI X - T REH 23
HBipoTWWb (Fig. 43). 2O &b, BT A MEBRAEKER L UM
BLEE IR S AN DOBOKEE I >W T, BEEEOHEL B Z e -72 (Fig. 4.4).
TZTHEMRLZRENL, TATA PR T A AN, e A YA MRS
BeIR A L OIKEBEYS, 7'r e T4 by PRI K E,7H~74F/X%7
2 A MEABIY MR EEIK S, AA 7 Z A MEMRLEEIKSE, = —F %A b
WHREEIK S, Ea—F A MEKILEEEIKER IO Y) )24 a4 My
HIKLEEIK )5 T 5. 7ok, THNHOMEHE, 7T A F—a%kHET AV A &
BT, BZEMER LEE A G A, IS H R BT R AR M HERE L 2.

H—T XA b RLEE K s TIZIRE B9 AR E 10 AR, A AT XA by
HRLEE IR 5 &~ A W o N A BRI A d6 KL OVER K s C3im ¥ B %0 10 A #%

100

@ Alunite-quartz zone daicite
O Halloysite zone pumice tuff
ot am X Halloysit tuff lomerat
5 80 2RRDRRAAAAA alloysite zone tuffaceous conglomerate
3 29%% e B Propylitic zone medium tuff
= stsssssssssess by
@ @ |Interstratified chlorite/smectite mineral zone fine tuff
P 0-0-0-0-0-0-0-0 o
< R ARHHRRX
= 60 B Laumontite zone medium tuff
A Heulandite zone lapilli tuff
@ Clinoptilolite zone fine tuff

o 3 6 9 12 15 18

Immersion time : £, day
Fig. 4.4 Changes in the wet masses of specimens of the various
hydrothermally altered rocks.
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E 11 A%, et A MMyRREKE T A% 13 A% & 14 A, £l
AOREFTIXRIE A 15 A% L& 16 HEOmBEEEOLA R oo Tz,
BARKE#ZOEBEEEOELIL, HEOEWICLIETIRONT, £/, HHED
EWSLHKEER BB AL OBRICOWVTOEITRICA LR WA, BiH
AT, B OMEICL > TRLRS. LEX-T, ZbBMEAKOR VR %
L LT, A2 KIZI HU E—EEEBICRDIETRLICREEZAA T X
A b EEGLRBOMEILERELIERZ LI2T 5.

4.3.3 FH () REFES

SR RN EE 4 & — R, fiEE{K % 105+£3°C T 1 HLL E, 80+3°C T2 HUL L,
60+3°C T 3 HLL LB LN 4043°C T4 HUL E—EEH&EIT/ 5 £ THad L7 R 78
(LLF, £ Eh [105°C, 80°C, 60°C 35 L N 40°C iplgikfg ) Liid.) &, i
ke (A2 KI5 AL E—E-ERBIZZ2 52 E TR LRE) 285
FIAE () s faf 5 & % Table 4.4 3 X OV Fig. 4.5 127, 7ok, #ikoE &N
— B R0 R LB ORABREIB I ) HATE COR, ifilizERiEicEs

Table 4.4 Results of the axial point load strength test.
M4 () REk ok & SHEBRHER

Sample No. State of moisture content Axial point load strength test
/S(H}v MPa C, %
080608 Forced-dry state (105+3C) 1.44-1.88 (Avg. 1.70) 6.1
Forced-dry state ( 80+3C) 1.34-1.76 (Avg. 1.57) 6.1
Forced-dry state ( 60£3C) 0.71-1.59 (Avg. 1.35) 15.4
Forced-dry state ( 40£3C) 0.49-1.54 (Avg. 1.34) 16.1
0.30-0.62 (Avg. ) 18.4
070521 Forced-dry state (105+3C) 2.06-2.66 (Avg. 2.36) 7.3
Forced-dry state ( 80+3C) 1.71-2.35 (Avg. 1.96) 9.9
Forced-dry state ( 60+3C) 1.07-1.73 (Avg. 1.43) 14.1
Forced-dry state ( 40+3C) 1.07-1.80 (Avg. 1.41) 14.0
1.06-1.65 (Avg. ) 141
080615 Forced-dry state (105+3C) 2.26-3.92 (Avg. 2.84) 14.3
Forced-dry state ( 80+3C) 2.25-3.75 (Avg. 2.82) 14.0
Forced-dry state ( 60+3C) 2.26-3.64 (Avg. 2.82) 13.7
Forced-dry state ( 40+3C) 2.25-3.62 (Avg. 2.83) 13.8
0.61-1.11 (Avg. ) 17.2

/) + Axial point load strength, C,: Coefficient of variation of axial point load strength.
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F 2 IR TSR CoRERE CHRE L, SRENREREEIC BT D IR AY
AKIZIE Lt 72,

ARy B A NEEE TR 105°C, 80°C, 60°C 35 L OF 40°C Wik AE &
SR B IR BB T do 1T & BEEIRE 2L 30 fE o0 SRE IR S O SEHIEIX, Fa R
1.70 MPa, 1.57 MPa, 1.35MPa 3 X (¥ 1.34MPa &, 0.46 MPa T&H v, & Hofpi
FEIZ 30T 2 Bl R R o0 S S AN IR B L v I b N cRE W, £, &
REAERIR 12 33 1T B TR IR RE o (B oD s T TR S 1, 105°C HRMRBE TR b
K& <, RUT80°C MR AEA K = <, 60°C 35 L 1N 40°C 2K HE TIRIZ X[
CThd.

Axial point load strength : /; ), MPa

Forced-dry Forced-dry Forced-dry Forced-dry
state state state state
(105%+37C) (80x+37C) (60+37C) (40+3C)

----O--- Sample No. 080608 (the samples contain small amounts of smectite.)
—2/\— Sample No. 070521 (the samples contain very small amounts of smectite.)
R LS Sample No. 080615 (the samples do not contain smectite.)
Fig. 4.5 Average axial point load strengths in the forced-dry and forced-wet
states.
REIRBIRES L UEHRBRECEH T HAE H) REFES
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AR B A B &GRS Tk 105°C, 80°C, 60°C 35 L (N 40°C HLl IR RE &
SR T W IR BB S do T S BEERIRE L 10 {8 oo SRR IR S O SR B E X, FaER
2.36 MPa, 1.96 MPa, 1.43MPa X (X1.41MPa &, 1.32MPa TH Y, AA T X
A hELBEERREERBEOEBN R LN D.

AR B A NEEERVEEO 105°C, 80°C, 60°C ¥ L O 40°C #HuIREE &
g o] Y YRR BB S 8 1 A AR E S 30 oo Rk AT R & O CERIEIEL, EhvER
2.84 MPa, 2.82 MPa, 2.82 MPa 3 X 1'2.83MPa &, 0.85MPa TH Y, KHi/Rik
FEIZ 31T 2 Bl R RE o0 5 S SR NE IR BB L 0 I D c KR &E V. KR
FEZ 31T 2 il R e O i RUAR O R R S X W T o B BEIRE I B VW T

BEREITAONZRV.

ARX T BA NEDEB IO ES B o 105°C, 80°C &, 60°C 35 L 1M 40°C
REBRIRBB DO ENZE NI W TAHEMMR I ITEWDR R o oix, AHZE £
HAATHA NOFERAKD 105£3°C 1 L O 80+£3°C TIIBLAK X5 23, 60+3°C
F LN 4023°C TIHEMAK SN2V, SHEARSIX, L0 &ROEERRETIX
REL, IVRBEOHEERETIT/NESS ol bBZEZIOND. £/, AA X
A M EdEB KO ED e o S 7R S 1%, 80°C FzBRAE K ¥ § 105°C
HLBRIB O T7 AR E V. T, 80°C HZ MR AE Tl 105°C R R B It~ T X
AU B A OFESKBPILK ST, 105°C FLBIRE L 0 SRR EFE L TV 5D
mhEEZLRD. —J7, 60°C B LW 40°C FHERREIC T D AH AR S0
BERENALONZVOE, HEZ2KETTELEZZEICEY, AX T XA O
FEE KBRS 2ol EZ2 D, Lizn-T, 60°C 3LV 40°C
RLBORBEIC B T 2 IR IS N A X 7 4 A4 M2 GDRBAROHERRETH D
EEZBND.

L7TeNoT, AAZHA MG AaAIX60°C LN CRIEBET L2 ENEE LW
EFEXDND.

4.3.4 ARG RBETREIOATHERDOESDE

—MIS, TFOEL X EEHW T 2 IITEREFRESCEHRANH O
L. BERAEDRKREVZIEAUEFEROZHESVRREWVWE INDN, FEER
ZOREIFREEOREIICEIoTELAEIND. T bbb, —dliEMHARD
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R R SHBRE Y B REVBSOMEBHFEONLHE, ZhLRBROM
é@i‘%‘ﬁfﬁ%%th@bf:f: FTIE, EHL0MBRERN LV EBBRENNOD
FIWHZ O 72, D72, AR TIE, ZEREZE H W TRE R S OHIE
fa RDIXBOE AT L.

EENVRE L L, MERROITOLSE 2K L, BEBREBREWITLE
HEFRROIILDEDEGVNRRENVEIND. ZEHHEKIT, FERELRS
DOFEETHRLIZBDO T, AL~ THIEEND.

C, =>x100 (4.1)
X

ZIT, CUEZEERE (%), sIFEERAE (MPa), x TR OFHE (22
TR MRS ; MPa) ThH .

HEBAR o SR B2 R B 4 77— & (105°C, 80°C, 60°C 35 L (N 40°C #2152k fE)
B L O GRHNR R AR 351 2 FAE (/) Al 58 & O L ERE % Table 4.4 B L O
Fig. 4.6 (2”7,

MM S OS2 E, ZEEE»D, WTFhoRE b SIRIEEICE T
% G il HL R R L Mﬁ%ﬂﬁﬁ“ﬂk EQFMVRKRENEMNH D, Ziik, BiEE
WL THDLAA T Z A FBAEREREBIZ L > TRAKE LR ELZ X
Lbhvs.

ARAT B A NELER IO ESE TR 105°C, 80°C &, 60°C 35 L 1N40°C
HRREEOZNZNICB W TREM R S OZBBRBGENR AL TZOF, &
R R S OPERE R & FEED Z k7b>:zék%z%>hé Thhbb, Wk x
105+3°C 35 L O* 80+3°C THzME L2 A 11X, A A7 Z A N OREEKDBAKIZ
D, ARAXATEZA NEKROETHIHEEDN KD, BMIOEXL2EN"HEY AL
T, 5%&176@%@%@%%(75”J\é<fotof:é:%z%hé — 75, "B & 60+3°C
BLOA0+3°C TR L7281, AAZ XA FOFESEKBRBKSI T, A X
72 A M EELEBAKD i%o%ﬁdté“<%%m5rﬁ§§'ﬁk7‘£o7‘:k%z%h
%. 60°C 35 L O 40°C RLEIRABIZ 31T 2 A iR S O EEREIC A B R 220
LRV DY, MEZRREEICBOWTREMBIICAERENAONRNWI & &
FIRR, BRSO ERA DN RN EEZXOND. LEN-> T, mEif
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20

s
()]

(¢)]

Coefficient of variation: C,, %
o

Forced-dry Forced-dry Forced-dry Forced-dry

state state state state
(105+37C) (80x3C) (60+37C) (40£3%C)

----O--- Sample No. 080608 (the samples contain small amounts of smectite.)
—7/x— Sample No. 070521 (the samples contain very small amounts of smectite.)
------ 3¢ Sample No. 080615 (the samples do not contain smectite.)
Fig. 4.6 Coefficient of variations of axial point load strength in the forced-dry
and forced-wet states.
RFEIBRES S UBHERREBICS TS ) ABERSDOEESRE

RS DX H DXL 60°C I8 LT 40°C HzBIRAE KV & 105°C I K UF 80°C Hz ik g
DIFWINSND, ZAATZA N2 FLRABAROUERHREZHTNDL I LoD,
AIE OHBRENEE L VWEEBEILND.

AATZA P EFERVEBHT, WTHORBREIZEBNTHEARXA T Z A |
DI DB Z Z T i), JHEM RS OEBRBICHEERENL LR )N
STleEFZE2bND.

DX, RAAZ XA N EOBEMRS LW A G RN T D iR
FEOEWDT, SRS ORXL0ZFICEEL522BR]O—2THLLELD
na.
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4.3.5 M () REAR S OMETHIMEE S HEAKER
SRHUT TR SRR I8 1T D R E ST R AT R S O Z B R DO R E ST <

WEIND., MIOSMMBNIER A THEETE S &L (Fig. 4.7), (B
Sample No. 080608 (the samples contain small amounts of smectite.)
Forced-dry state Forced-dry state Forced-dry state Forced-dry state
(105+37C) (80£3C) (60+3C) (40+3C)
Avg. /; ;)= 1.70 MPa Ava. /;»= 1.57 MPa Avg. /; )= 1.35 MPa Avg. /; )= 1.34 MPa Avg. /; )= 0.46 MPa
12

Frequency
[--]

4
0 h
0 1 2 3 40 1 2 3 40 1 2 3 40 1 2 3 40 1 2 3
Axial point load strength : Axial point load strength : Axial point load strength : Axial point load strength : Axial point load strength :
fsz) MPa I+ MPa fsz» MPa Js 2 MPa Js 2 MPa
Sample No. 070521 (the samples contain very small amounts of smectite.)
Forced-dry state Forced-dry state Forced-dry state Forced-dry state
6 (105+37C) (80+37C) (60+3C) (40+37C)
Ava. /,,= 2.36 MPa Ava. /)= 1.96 MPa Ava. /,,= 1.43 MPa Avg. /,,= 1.41 MPa Avg. /; ;)= 1.32 MPa
12| ]

Frequency
©

i

4 b
0 “‘A‘“
0 1 2 3 4

Axial point load strength :
Is(2)» MPa

Forced-dry state
(105+37C)

0 1 2 3

Axial point load strength :
ls(» MPa

40 1 2 3

]

Axial point load strength :
Is{a) . MPa

40 1 2 3

A\

YN

Axial point load strength :
Is » MPa

Sample No. 080615 (the samples do not contain smectite.)

Forced-dry state
(80+37C)

Forced-dry state
(60+3C)

Forced-dry state
(40+3C)

40 1 2 3

Axial point load strength :
/_;(5; , MPa

Avg. /, = 2.84 MPa

~

Frequency
oo

0 1 2 3 4

Axial point load strength :
/s(aJ + MPa

Avg. /; )= 2.82 MPa

0 1 2 3

Axial point load strength :
/s » MPa

40 1 2 3

Ave. /= 2.82 MPa

-

Axial point load strength :
Js ) MPa

40 1 2 3

Avg. /)= 2.83 MPa

b

Avg. /; )= 0.85 MPa

40

Axial point load strength :
Js @ MPa

1 2 3

Axial point load strength :
/s(a) , MPa

Probability density function Probability density function

Probability density function

Fig. 4.7 Histograms and probability density functions of axial point load

strengths in the forced-dry and forced-wet states.
RHEBKESLVARFNERAKEBICETI2AXEH) ABEFRSIOER M T LLE
HEZERIK
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95% C D A AME HE X [ 23 S D 25% LANIZ § 2 7o 12 b B 72 Ra IRl 45 N I,
et EOMBEE LTt a2V TRO D, ZEFRENS 10%5H1% O
A, N=3fTH D2, 20%H1#%I1C7e25 & N =5 {HREE, =512, 30%H7k%IZ7%2
HEN=10 EEENER SN D 2D SHAHR S OZBIR R AR 5k (Tables
4.3 and 4.4) 756, WT R ORBRER S ZEREU WG o 2 RIRER % 1 &
LTWa7zd, FHEOFEERMAES, MEHIB T 25 A DM S DR % IE
fEIZHZ TV 5.

Zo Xy, SEMARSHRICBOT, RELMEREMEEKL, RBREgoLH
BREDOMEIZ L > THLNZR D720, REBRE B 272 ) Al 42 2 e AR E 5 %
RETLHZEIFTEHELY., 22T, iR ISR B4k 22 o00c, ABRic®ZE
EENDHRKME DO B L ERET D20, KFFETHWIZEALT A bHR
FREIR A B X ORI BEIK LIS D A A 7 2 A b B G T a a2 T HAE (i) A5

50 ‘ —— — ‘
- /
&/ o:  N<10
,:V K @:10<N<20 1
ES / ©:20<N< 30
S 40 S/ @:30<N 7
5 / :30<
= S )
o o o
S 30} ! o % ° :
©
= /9’ oo8 .
> o ° (@] @
S s © °
— 20+ ] oo o
[ = 1 ce e ®
Q2 1 GO 80 (SN6) ©
S 9 © © e o
= ,' (o) o © o0
S 10 ¢ o
o 8! o (e
(o]
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o ! 1 ! 1 ! 1 ! 1 !
0 10 20 30 40 50

Number of specimen : ¥
Fig. 4.8 Relationship between number of specimen and coefficient of variation
of axial point load strength test of various smectite-bearing
hydrothermally altered rocks.
RAHAA PEEBOHBALBBKEEEOMM () m# TR IRBICH T2 HEK
BEHEEHRHBLEOER
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filoferoh S BB (IRBUARME L - A5 1,024 ) #2720, TORENOLHE LT
PRV E 2 & ZER K O BR % Fig. 4.8 12T, ZOIE, EHEE 95% TO R
MHEHH X O FERMEIC T D EmHEg (Z 2 TIX, ¢ = 25%) 25, HEARMEE N
Lo TEDEHICENTD2O0ERLELDOTHD. HEEUAEE N 2SN < 10
DOFIPATIX, ZERED 20%% B 2 5 EHC ¢ = 25% D H F AT IS S HAFE L T
W5, 10 < N OFTIX, 2 ToOREHIRB W T, ZEREBUZ WA - 72 itk
EHEHELTWA.

AR O K 51, —MIS, AR S 3BT 10 @ 2L EofaiEE s Tl Z b
N5 ENLL DI KFRGE Iz I T H A A7 2 A b E RS RO
R AL 10 ATh Y, BERBUCAE - IR EEEZ HE L T 523,
L, AAZHAL MEEGLREAICBOL CARMBSHKBREB I 2554,
WEZT 10U EHET 2 ZEREE L EEZ NS, £, HABRAlTC, H
B L7 Ba @ o S HEE S N D EEREC L VbR IS b e B 'R
REWGEICE, ERAEEZREZHESCLT, BBz R BERNHD.

4.4 FEDH

FIAE (i) B SRR ICB T D ARX 7 H A D& m a0k, B
FHER L OMGERE A L, AR SRR TEEZRF LI REE DD L%
DEBYTHS.

1) ARXZZA NEETE 0 OMRBIFEIREBIZI T D Al S & EfEICRD
L7 DL, iK% 60°C LN CA4 HULE—FEEEBIZ/ D E THIRET S Z
ENEFLVWEEBZOND.

2) AAZHZA bERETAEAORENTEIREIC I T 2 R S 2 EMICRD
HI-DIIE, BARMEBEORNMNE® 28R E 0% AT, K ZKIC
5 AU E—EERIIRDETCRTIENEZTLNEEZOLND.

3) AATZA bERGIEADREMAMR S, 105°C KRB TR K& <,
N TC 80°C LR RE TR & <, 60°C 35 L 1N 40°C #2 IR BE CIXIFIER U T
bbb, T, AATEA MEEGEERVEAOSEMAR S L TE, W
NOFREIZB N THHEREN L LN,
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4)

5)

6)

7)
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AATBA N EGLEADRBARIOIELS>EIL, EERKICLD &,

105°C 35 X 18 80°C FLEIRHE D J7 2% 60°C 35 K TN 40°C FEIRFE L D B/ &\,
Flo, AATEA NEZERWVEADOREMBIOIX S DX T3 LTI,

WT N ORRIREICB W THAEREN A LR,

AATHA M ELEAICBIT 2 EEREOEWDT, RIS & 20X
LOXWIHEEBEHEZDLPHBERNO—DTHD.

AADBA N EGUEARICBOWTAMMEIRRAL I 2556, A
EEIX 10U EHETAZENREELWVWEEZSZOND.

AR BA N EGTAAOREMRSIE, A ORHEMESIZED DR
DA, 60°C LA O 5 i) #2150k B8 S L OV i 1 S R RE 0 14 5 KR B8 C RTAfR
THZENEELWNEBZONS.
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BoE RBAMIHRICED(BKEEED NERHE

5.1 HEHH

AR T H 2 BOKEEEL, ALREALEE AR — Y 7 i A R B BU AR
8 MY A FH it ek s L OVAR L T RE GO BE T RE P Mk &, B ER KR A IR B R )T AR B 1
Je T B AR 1) i s (Figs. 5.1, 5.2, and 5.3) 128 2{b A EUK U O IR )5~
~—RELHEH L THREL.

A H R BRI F5 1T D s A aORH L, AR T A M SRS o0 A U DKL R K G D
SR EH, A AT ARG S e N A O EE AR — U 7 HLT F-L,
H17 F-2, H17 I-1 B8 X OVH17 1-2 B4l =2 7k (A H R B 8 4 HEIK s B8 & OV
PRE ), A 22 [E] ek o0 A= FR U 88 A R PR e &, AF F SR it o AR IR
JE IR E e A B L OB E b s O FEEE» L ERE L7c (Fig. 5.1). JHVEHRIZE
T B E AR, B EE T AR M TE R oD /AR IR R R K S e e AU DR BE S K
IR A RHEREY) (IERGEEIKE) DA BEE LT (Fig. 5.2). BER|HEIZ
BILEARBNL, AT A0 TFTA)E, ~NT I IUNBBIRT T LG DK
e L OB E DR A L, SR ILE SO T A A FOEA NS
#£ 1L 7= (Fig.5.3).

BOKZEBEHMILEIC XRD BRI K 2 NEFHMIB L CE ST XRD 7 — Z 12 &
> CRE L7z (Figs. 5.4-5.8). BUKEE I, BUKEEE OHIMMEEICHED
< &, T NFA b —fH3HE (Alunite-quartz zone) , 7 ¢ ~ & 1 k45 (Dickite zone),
A YA ~# (Halloysite zone), 7w v 4 ~#F (Propylitic zone), # V£
# (K-feldspar zone), 4 7 A b4 (lllitezone), £ 7 A4 b/ A X XA NESE
gLy (Interstratified illite/smectite mineral zone), 7 2 —5 A4 K /A XA 7 % A4 |
RA MBI E (Interstratified chlorite/smectite mineral zone), A X 7 % A N
(Smectite zone), 7 —E > ¥ A h#; (Laumontite zone), 7 F /L% A ki (Analcite
zone), & = — 7 & A b #f (Heulandite zone), <€ /L5 F 1 | 45 (Mordenite zone),
7)) XA nm 7 A ki (Clinoptilolite zone) 35 X OV A 7 ¢ /L 3 A K #f (Stilbite zone)
D 15 HIZ B TE %5 (Figs. 5.4-5.9).
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Fig. 5.1 Sampling site map of the lkutahara area in Engaru Town. The
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topographical map is Digital Japan Basic Map (Map Information)

from the Geospatial Information Authority of Japan. Numbers

correspond to “Rock code” in Tables 5.1-5.4, 6.1, and 6.2.
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Fig. 5.2 Sampling site map of the Asahi-Nishi area in Rubeshibe Town, Kitami
City. The topographical map is Digital Japan Basic Map (Map
Information)®® from the Geospatial Information Authority of Japan.
Numbers correspond to “Rock code” in Tables 5.1-5.4, 6.1, and 6.2.
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Fig. 5.3 Sampling site map of the Okushunbetsu area in Teshikaga Town. The
topographical map is Digital Japan Basic Map (Map Information)®®

from the Geospatial Information Authority of Japan. Numbers

correspond to “Rock code” in Tables 5.1-5.4, 6.1, and 6.2.
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Symbol of minerals :
* : Alunite, A : Dickite, © : 1.0 nm Halloysite, # : Nacrite, * : Opal-CT,
+ : Plagioclase,  : Quartz.

Fig. 5.4 Unoriented and oriented XRD patterns of hydrothermally altered

rocks. Numbers correspond to “Rock code” in Tables 5.1-5.4 and 6.1.
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Symbol of minerals :
O : Calcite, A : Chlorite, < : lllite, O : Interstratified illite/smectite minerals,
x : K-feldspar, + :Plagioclase, # :Pyrite,  : Quartz, © : Smectite.

Fig. 5.5 Unoriented and oriented XRD patterns of hydrothermally altered
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rocks. Numbers correspond to “Rock code” in Tables 5.1-5.4 and 6.1.
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Fig. 5.6
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Symbol of minerals :

O : Interstratified illite/smectite minerals, + : Plagioclase, * : Quartz,

A : Chlorite, + : Feldspar, < : lllite, M : Interstratified chlorite/smectite minerals,

: Smectite.

Unoriented and oriented XRD patterns of hydrothermally altered

rocks. Numbers correspond to “Rock code” in Tables 5.1-5.4, 6.1,

and 6.2.
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Fig. 5.7 Unoriented XRD patterns of hydrothermally altered rocks. Numbers
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: Smectite.

correspond to “Rock code” in Tables 5.1-5.4, 6.1, and 6.2.
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Symbol of minerals :
A : Chlorite, < : Clinoptilolite, + : Feldspar, ¥ : Mordenite, -+ : Plagioclase, * : Quartz,
: Smectite, » : Stilbite.

Fig. 5.8 Unoriented XRD patterns of hydrothermally altered rocks. Numbers
correspond to “Rock code” in Tables 5.1-5.4, 6.1, and 6.2.
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Approximate temperature, C
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Hydrothermal alteration zones examined in this study are shown with red borders,
lIt/Sme zone : Interstratified illite/ smectite mineral zone,
Chl/Sme zone : Interstratified chlorite/smectite mineral zone.
Fig. 5.9 Classification of hydrothermal alteration zones based on temperature
and activity ratio of aqueous cation species in the hydrothermal
solution (modified from Utada, 1980°%).

HKEBGEDSE (Utada, 1980°% —E S E)

7/

T OBFOKEE IR T HEOKEEE ORBHREETT, BUKEEN, B
BROYE RO L, EREE, ffEE, WkELIOAEDMRED
WEEEVE 2 Z N Tables 5.1 and 5.2 (273 3. B A B O B2 E fafn s &,
WK =R I L OB R O HEIL, FHhEh, 0599~2518 g/cm?, 1.334~
2.594 g/cm?®, 3.02~123.34%35 L O} 7.55~T74.91% D& IZH v, WL
P& ORI b IEFICEWHBEN A b5 (Fig. 5.10). 2k L OMaf & &
X, m—Fr ¥ A FPERIKEBEEN RS RELS, AA T ZA bR EEIK S 03
b/ IW. Fe, WAKERL L OEBREIL, AX 7 XA MNEBREKE DN KD
REL, m—F ¥4 MrEIKEESDRL/NI V. Ik, AA 7 X4 Ml
kg K% (Rock code: 18) 1T-DWTIE, W/KZFDS 123.34% ThH VD, OB
NRTCIHFFIZRKE W2, Fig. 5.10 (2138 LTV,
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Table 5.1 Sampling site, rock type, semi-quantitative mineral composition, and
hydrothermal alteration zone of hydrothermally altered rocks.
BAKEBEORBRESN, 5, FEENMYERS L URKEETRE S

Rock Sampling site Rock type Semi-quantitative mineral composition Hydrothermal
code alteration zone
1 Okushunbetsu  Dacite Qz (+) =Alu (+) Alunite-quartz zone
2 Okushunbetsu  Dacite Qz (+) -Alu (+) -Kao (=) -Carbonates (-) Alunite-quartz zone
3 Okushunbetsu  Fine tuff Qz (+) -Nac (=) -Dck (-) Dickite zone
4 Okushunbetsu  Fine tuff Qz (+) -Nac (=) -Dck (=) Dickite zone
5 lkutahara Pumice tuff Qz (=) -0pl-CT (=) =PI(=) =1.0 nm Ha (=) Halloysite zone
6 lkutahara Tuffaceous conglomerate  Qz(-) -Opl-CT (=) -PI(-) -1.0 nm Ha (-) Halloysite zone
7 Okushunbetsu  Fine tuff Qz (=) -=PI(-) -Chl (+) -Sme and/or Chl/Sme (-) Propylitic zone
8 Okushunbetsu  Medium tuff Qz (+) =PI(=) -llt (=) =Chl (-) Propylitic zone
9 Okushunbetsu  Lapilli tuff Qz (+) =PI(-) -=Chl (=) ~Sme (=) =Py (=) Propylitic zone
10 Ikutahara Fine tuff Qz (+) -Kfs (=) =Chl(?) -Ilt/Sme (=) -Sme (?) K-feldspar zone
11 Ikutahara Fine tuff Qz (+) -Kfs (=) =Chl(?) -llt/Sme (=) -Sme (?) K-feldspar zone
12 Ikutahara Tuffaceous sandstone Qz (+) =PI(=) =llt (-) ~Sme (=) ~1lt/Sme (-) Illite zone
13 Ikutahara Tuffaceous sandstone Qz (+) -PI(-) -llt (=) -~Sme (-) -1It/Sme () ~Hul-Cpt (-) Illite zone
14 Ikutahara Tuffaceous mudstone Qz (+) =PI(=) =1t (=) =ChI (=) -Sme (=) ~1It/Sme (-) Iit/Sme zone
15 Okushunbetsu  Fine tuff Qz (+) -Chl/Sme (-) Chl/Sme zone
16 Okushunbetsu  Fine tuff Qz (+) -Fsp (=) -
17 Okushunbetsu  Fine tuff Qz (-) -Opl-A(-) -Fsp (-) - -Mor or Cpt (-)
18 Asahi-Nishi Fine tuff Qz (=) -Opl-A(-) -PI(-) -
19 Okushunbetsu  Fine tuff Qz (+) -PI(-) -
20 Ikutahara Pumice tuff Qz (=) -Opl-A(-) -Fsp (-) -
21 Ikutahara Pumice tuff Qz (-) -Opl-A(-) -Fsp (-) -
22 Ikutahara Pumice tuff Qz (-) -Opl-A(-) -Fsp (-) -
23 Okushunbetsu  Fine tuff Qz (+) =PI (+) -Sme (=) -Lmt (=) Laumontite zone
24 Okushunbetsu  Lapilli tuff Qz (+) =PI(=) =lit (=) =Chl (=) -Sme (=) -Lmt (+) Laumontite zone
25 Okushunbetsu  Tuffaceous conglomerate  Qz (=) -PI(+) -Chl (=) -Lmt (=) -Cal (+) =Py (=) Laumontite zone
26 Okushunbetsu  Tuffaceous conglomerate  Qz (+) =PI (+) =Chl (=) -Sme (=) -Lmt (=) -Cal (=) Laumontite zone
27 Okushunbetsu  Fine tuff Qz (+) =PI(=) =1t (=) =Chl (=) =Anl (+) Analcite zone
28 Okushunbetsu  Lapilli tuff Qz (+) =PI(-) =Chl (=) -Sme (=) =Hul (-) -Cal (=) Heulandite zone
29 Okushunbetsu  Fine tuff Qz (-) -Fsp (=) -Sme (=) -Mor (+) -Cpt (=) Mordenite zone
30 Okushunbetsu  Fine tuff Qz (-) -Fsp (=) -Sme (=) -Mor (+) -Cpt (=) Mordenite zone
31 Okushunbetsu  Fine tuff Qz (=) -Fsp (=) -Sme (=) -Mor (+) =Py (=) Mordenite zone
32 Okushunbetsu  Fine tuff Qz (=) -Fsp (-)-Sme (=) -Mor (+) Mordenite zone
33 Okushunbetsu  Fine tuff Qz (=) -Fsp (-)-Sme (=) -Mor (+) Mordenite zone
34 Okushunbetsu  Fine tuff Qz (+) -Fsp (=) -Sme (=) -Mor (+) Mordenite zone
35 Okushunbetsu  Fine tuff Qz (=) -Mor (+) Mordenite zone
36 Okushunbetsu  Pumice tuff Qz (+) -Fsp (=) -Sme (=) -Mor (+) -Lmt (=) Mordenite zone
37 Okushunbetsu  Pumice tuff Qz(-) -Fsp (-)-Sme (=) -Mor (+) -Lmt (=) Mordenite zone
38 Ikutahara Fine tuff Qz(-) -Fsp (-)-Sme (=) -Cpt (+) Clinoptilolite zone
39 Ikutahara Fine tuff Qz (+) -Fsp (=) -Sme (=) -Cpt(-) Clinoptilolite zone
40 Okushunbetsu  Fine tuff Qz (+) -PI(-) -Sme (=) -Cpt () Clinoptilolite zone
41 Okushunbetsu  Tuffaceous sandstone Qz (+) -PI(-) -Chl (=) ~Sme and/or Chl/Sme (=) -=Stb (+) Stilbite zone
42 Asahi-Nishi Welded tuff Qz (-) -Opl-A(-) -0pl-CT (=) =PI (%) Least altered zone
43 Asahi-Nishi Welded tuff o Crs(+) - B Crs (=) =PI (+) -Kfs (-) Least altered zone
44 Asahi-Nishi Welded tuff Opl-A(-) -0pl-CT (-) =PI (-) Least altered zone

Abbreviations : Alu=Alunite, Anl=Analcite, Cal=Calcite, Chl=Chlorite, Chl/Sme=Interstratified chlorite/smectite minerals, Chl/Sme zone=

Interstratified

chlorite/smectite mineral

zone, Cpt=Clinoptilolite, Crs=Cristobalite,

Dck=Dickite,

Fsp=Feldspar,

Ha=Halloysite, Hul=Heulandite, Hul-Cpt=Heulandite-clinoptilolite series minerals, lit=lllite, llt/Smc=Interstratified illite/
smectite minerals, Ilt/Sme zone=Interstratified illite/smectite mineral zone, Kao=Kaolin minerals, Kfs=K-feldspar,
Lmt=Laumontite, Mor=Mordenite, Nac=Nacrite, Opl-A=0pal-A, Opl-CT=0pal-CT, Pl=Plagioclase, Py=Pyrite, Qz=Quartz,
Sme=Smectite, Stb=Stilbite. + : Large amounts, - : Small amounts.
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Table 5.2 Dry density, saturated density, water absorption, and effective
porosity of hydrothermally altered rocks.
RKEEEDHREE, BMEE, BRKESIUVEDHEKE

Rock Dry density, Saturated density, Water absorption, Effective porosity,
code g/cm® g/cm? % %
1 1.505 1.911 27.07 43.40
2 2177 2.307 598 13.14
3 1.744 2.070 18.67 33.08
4 1.738 2.076 21.17 33.35
5 1.358 1.809 25.69 38.02
6 1.698 1.788 18.39 28.64
7 1.762 2.072 29.44 30.96
8 1.891 2.124 12.37 2411
9 1.979 2.218 12.08 2417
10 1.935 2.161 11.72 2294
11 1.858 2.120 14.07 26.22
12 1.525 1.811 18.72 30.97
13 1.533 1.804 17.69 29.55
14 1.813 2.087 17.09 27.66
15 1.399 1.827 34.17 4578
16 - 2.039 19.29 36.42
17 1.310 - 34.94 47.74
18 0.599 1.334 123.34 7491
19 1.353 1.834 37.75 48.20
20 1.079 1.563 4494 52.23
21 1.094 1.552 41.90 48.77
22 1.279 1.690 32.13 4299
23 1.550 1.944 25.09 39.31
24 1.461 1.829 25.31 38.71
25 2.518 2.594 3.02 7.55
26 2.309 2.420 4.82 11.12
27 1.526 1.947 31.05 42.20
28 1.772 2.054 18.84 28.36
29 1.284 1.728 34.84 4456
30 1.191 1.749 37.53 48.62
31 1.263 1.642 39.38 48.17
32 1.242 1.682 39.00 48.94
33 1.240 1.684 39.06 49.15
34 1.185 1.683 41.24 51.96
35 1.219 1.641 39.53 49.12
36 1.067 1.599 51.14 56.15
37 1.156 1.670 45.30 51.90
38 1.226 1.663 46.42 45.57
39 1.214 1.675 39.87 47.24
40 1.518 1.966 24.42 40.02
41 1.622 1.938 19.50 32.21
42 1.648 1.984 20.38 35.23
43 1.616 1.959 21.27 36.28
44 1.671 2.003 23.90 35.16
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Rock type :
000000000 : Fine tuff, M : Medium tuff, OOO : Pumice tuff, AAA : Lapilli tuff, < : Welded tuff, @ :Dacite, O : Tuffaceous mudstone,
++ : Tuffaceous sandstone, AA : Tuffaceous conglomerate.

Hydrothermal alteration zone :
@ : Alunite-quartz zone, @ : Dickite zone, OA : Halloysite zone, @MA : Propylitic zone, @ : K-feldspar zone, + : lllite zone,
O : Interstratified illite/smectite mineral zone, @ : Interstratified chlorite/smectite mineral zone, @O : , @AA : Laumontite zone,
@ : Analcite zone, A : Heulandite zone, @O : Mordenite zone, @ : Clinoptilolite zone, + : Stilbite zone, < : Least altered zone.

Fig. 5.10 Relationships between the average value of physical properties of
hydrothermally altered rocks.
BKEEEOEYMEFHEEOERF

TN OEAREHT, TATA F—AEHT AT A I KL ORLEE A s ke
JRAE 2 BRD T, Tl =R B ke s K OMRE A TH 5.

5.2 WMIEAE

B4R L7 m A a2 & AR () 36 & O B AR A 38 S 3R IS B 1T 2 etk
FERHL, (B4 E XAV A F2E8CEROREBEEIHARAZ) TESN
T, TREIH R AR 3 X ORI B8 12 36 1T 5 FIAE ()if) 38 & VR & TE A ik i o
SHBErBZ ol

M A () F6 & VR @ T AL AT o8 S 3 BR I B 1T A el iRix, &35k o I E RS R
WCREREBEZHEZ DO 7Ty 7 25FE20b 0, WIRICEALOREE N
A U LR A 2 38 OY, P4 (RF) a7 5 S 3Bk C 1,755 B (G #2150k RE s L OVl
HIR IR AR & B 1T 43 FURE) , AN ETE AR R S BB T 2,073 {8 (TR iz gk BB 3
L O AR B RRE & b 12 42 3B o &5t 3,828 il L 7= (Tables 5.3 and 5.4) .
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5.3 HRPLIUEBE

5.3.1 RKEEEDRBFMAS

BOK 2R A O s R RO RE 5 X OVR AN ELIR BRI B 1T B AR (fiE) B8 L AR E
& 7 58 X % Tables 5.3 and 5.4 3 X O Fig. 5.11 {Z/R” 7.

SRz IR RBAZ 38 1T D FIRE GigE) sl fr R S O SRR, TV A b — AR
TAHA RNH 485 MPa Tlb K&, RAA T XA NHBAEIKAD 0.18 MPa
Thb/hSW. F70, WENEEREICI T 5 () SRR S 0 R HEIE
THNOBKEE S IZBNTHMEIERED T —2 L v/h&al, TrF A4 k-
FEGT A A M 243 MPa ThRb RKEL, ARA T Z A MFBAEIKE D
0.09 MPa TH b/ &V (Table 5.3 B3 L W' Fig. 5.11). —F5, @il EICE
FARETEEEARE OFEHMEIL, v —F o & A BB B 8.20 MPa T
Kb REL, ARAT Z A MFBEAERIKE D 025 MPa Tlieb/hE W, 72, madl
MR EE IS B D A ERAEA R S O I, B U R AR K 23
7.19 MPa Tixb K& <, ZAA 7 Z A MFEAEIKE D 0.06 MPa THib /I W
(Table 5.4 35 X N Fig. 5.11) . @@ E IR IC 1T 2 RETE sk fir o8 S O ) E
X, BV EAHHRIEEK S (Rock code: 10) ZFR< &, WAL b SR s IR BE D
T2 XD b, BB, TATA N AEFIZONTIE, WO AT
B8 X b R R R R & RSN RR BB W THEBE R EIT A b L.

A (6E) B8 L O ER MM R S 1T, WTFN b BEDOFNRE VA, g,
INOOREXNERLZZENEELZLEEZOND. T/hbL, 36 XBX
W@ XoEN L, REOTEOREDOENEZRL, B.6)XTIEENZ R/
WrimfE & F LWHmEZ R o2 7 OEEZED. D2k E L TEY, B9 NTIEZEh
EHEAMAEBED D 2FLELTVNDINLTHD. 0B, T4 v hA M, ~eA
A N, A TALH, 7a—T4A4 8 AXA 724 NEGBEME, 7Y
A FEBLXOZY ) XA 0T A4 NHICE T DGR R O P AR () 55
SEARERREMABI ORI, AEREZTRAONR.

FRE (]E) B8 X VR B Rl oi S BB %ISR 1 2 IR KO #E R E o fl &
Fig. 5.12 (Z75¢. ISRM Commission (1985) <> ASTM Standards (2001) *® T,
SR R S R I B T AR ORI R I B, R m S AT R A EE
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Table 5.3 Numbers of specimens and results of the axial point load strength

test in the forced-dry and forced-wet states.

M4 (fit) R &R <

RROHUREERL TORBRER

Rock Loading Forced-dry state Forced-wet state Point load
code direction N Avg. Ava. /) c, N Avg. Ava. /., c, strength
to lamina Is oy Range, % L5 apr Range, % decrease ratio,
plane MPa MPa MPa MPa %
1 14 1.79* 1.54-2.16 10.6 15 1.51 0.89-1.88 15.2 15.6
2 14 485 3.37-6.20 15.5 9 243 1.70-3.33 21.8 49.9
3 3  0.39* 0.31-0.42 12.8 3  0.32* 0.28-0.34 9.4 18.0
4 2 0.20* 0.18-0.22 10.0 4 017* 0.15-0.20 11.8 15.0
5 5 0.51* 0.46-0.57 9.8 1 0.37* 0.37-0.37 - 27.5
6 3  0.72% 0.67-0.80 8.3 2 0.11* 0.10-0.11 9.1 84.7
7 L 20 1.64 0.89-2.52 26.2 21 0.79* 0.55-0.98 12.0 51.8
8 3 2.76* 2.05-3.49 21.4 4 1.34* 1.15-1.61 12.7 51.5
9 36 3.36 2.00-4.45 17.9 24 1.09* 0.77-1.32 11.9 67.6
10 L 39 464 1.87-7.65 25.2 12 1.52 1.08-2.24 23.7 67.2
11 1l 19 1.95 1.24-2.82 25.1 2 1.59* 1.56-1.62 1.9 18.5
12 38 0.75¢ 0.40-1.06 18.7 39 0.20¢ 0.12-0.35 30.0 73.3
13 42 0.77* 0.62-1.05 13.0 41 0.20* 0.09-0.30 25.0 74.0
14 1l 28 1.97 1.11-2.87 24.9 2  0.14* 0.13-0.15 71 92.9
15 18 2.01* 1.02-2.44 19.4 19  0.09* 0.03-0.17 44 .4 95.5
16 L - - - - 8 0.73* 0.36-0.93 28.8 -
17 L 15 0.90* 0.25-1.69 411 - - - - -
18 L 17 0.27* 0.17-0.37 22.2 19 0.19* 0.11-0.22 15.8 29.6
19 17 1.35* 1.00-1.79 16.3 19  0.20* 0.10-0.31 30.0 85.2
20 7 0.18* 0.15-0.23 16.7 8 0.06* 0.04-0.08 16.7 66.7
21 L 22 0.18 0.11-0.28 27.8 27 0.13¢ 0.06-0.19 30.8 27.8
22 28 0.38¢ 0.22-0.50 18.4 25 0.12 0.08-0.17 16.7 68.4
23 22 1.22* 0.59-1.92 28.7 30 0.33¢ 0.21-0.44 18.2 73.0
24 12 0.49* 0.27-0.61 20.4 10 0.20* 0.13-0.27 20.0 59.2
25 6 3.88 3.29-4.56 14.7 1 1.78 1.78-1.78 - 54.1
26 2 3.82 3.52-4.12 7.9 5 1.28* 1.02-1.44 13.3 66.5
27 L 35 0.88* 0.35-1.24 21.6 35 0.20¢ 0.07-0.32 30.0 77.3
28 28 3.14 2.84-3.45 4.8 27 0.88* 0.43-1.16 14.8 72.0
29 7 3.42 2.42-3.92 14.3 18 0.94* 0.70-1.11 11.7 72.5
30 11 2,77 2.29-3.11 9.0 13  0.69* 0.54-0.82 11.6 75.1
31 19  2.77 2.31-3.09 8.7 7 0.48* 0.33-0.61 229 82.7
32 12 1.67 1.29-2.34 16.8 1 0.51* 0.51-0.51 - 69.5
33 14 1.43* 1.01-1.78 16.1 4 0.53* 0.47-0.66 15.1 62.9
34 7 1.51* 1.29-1.67 7.9 4 0.33* 0.23-0.40 24.2 78.2
35 65 1.94 0.38-2.98 27.8 66  0.50 0.19-0.77 32.0 74.2
36 55 1.53* 1.08-1.88 13.1 44  0.46* 0.30-0.62 17.4 69.9
37 8 0.86* 0.46-1.10 23.3 12 017* 0.10-0.23 17.6 80.2
38 25 0.85* 0.21-1.19 23.5 28 0.37¢ 0.15-0.63 29.7 56.5
39 30 1.10* 0.81-1.46 14.5 67 0.49* 0.17-0.68 20.4 55.5
40 14 2.24 1.35-3.08 28.6 17 0.44* 0.23-0.70 25.0 80.4
41 63 1.45* 0.36-2.54 32.4 50 0.61* 0.20-0.99 31.1 57.9
42 27 1.39* 0.83-1.78 17.3 29 0.68* 0.21-0.99 27.9 51.1
43 44 1.39* 1.19-1.65 7.9 46  0.45* 0.23-0.54 13.3 67.6
44 21 1.10* 0.80-1.57 20.0 20 0.40¢ 0.26-0.65 25.0 63.6

L: Perpendicular to the lamina plane,
N : Numbers of specimens, /;,, : Axial point load strength, C,: Coefficient of variation of axial point load strength,
* : Values of data points in the relationship between axial point load strength and uniaxial compressive strength.

II': Parallel to the lamina plane,
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Table 5.4 Numbers of specimens and results of the irregular lump point load
strength test in the forced-dry and forced-wet state.
FERRBFARASABROMBARERE ZTOHBRBER

Rock Loading Forced-dry state Forced-wet state Point load
code direction N Avg. Ava. /) c, N Avg. Ava. /) c, strength
to lamina L1 Range, % L Range, % decrease ratio,
plane MPa MPa MPa MPa %
1 23 3.37* 2.22- 4.49 16.0 25 2.89 2.12- 3.72 16.6 14.24
2 31 6.97 3.98-10.29 26.5 31 6.46 3.16-10.71 33.1 7.32
3 13 0.89*% 0.53- 1.30 29.2 15 0.26* 0.18- 0.39 26.9 70.79
4 15 0.35% 0.17- 0.51 31.4 16  0.11*% 0.05- 0.17 27.3 68.57
5 9 0.68* 0.42- 0.89 23.5 4 0.27* 0.20- 0.31 14.8 60.29
6 10 1.12% 0.96- 1.51 15.2 5 0.13* 0.10- 0.17 15.4 88.39
7 1 22 469 2.61- 7.08 29.9 24 1.71% 0.74- 2.81 31.0 63.54
8 25 3.08* 1.21- 5.73 39.6 22 2.32¢ 1.30- 3.65 37.5 24.68
9 34 593 2.62-10.89 30.0 30 2.38* 1.05- 4.06 29.4 59.87
10 L 17 6.67 3.48-10.19 345 25 719 2.89-12.09 32.1 -7.80
11 1 15 2.70 1.43- 4.00 32.2 18 1.66* 0.74- 2.76 35.5 38.52
12 35 0.94F 0.30- 1.36 27.7 34 0.27F 0.13- 0.45 29.6 71.28
13 35 1.02% 0.47- 1.69 30.4 26 0.21* 0.12- 0.35 28.6 79.41
14 1 23 3.68 2.03- 6.58 31.8 15 0.36* 0.14- 0.63 36.1 90.22
15 29 4.07* 1.74- 5.20 18.4 30 0.15% 0.09- 0.25 20.0 96.31
16 1 - - - - 16 1.75% 1.02- 2.49 26.3 -
17 L 20 2.90* 1.51- 4.18 28.6 - - - - -
18 L 39 0.91* 0.32- 1.39 242 24 043 0.27- 0.56 18.6 52.75
19 37 1.80% 1.02- 3.24 29.4 38 0.30¢ 0.13- 0.48 30.0 83.33
20 23  0.25*% 0.14- 0.49 40.0 10 0.06* 0.03- 0.10 33.3 76.00
21 L 34 0.43 0.23- 0.82 30.2 18 0.15* 0.09- 0.22 33.3 65.12
22 30 0.79* 0.35- 1.34 31.6 26 0.15 0.08- 0.25 33.3 81.01
23 30 1.86* 0.93- 3.67 31.2 34 0.45* 0.24- 0.75 33.3 75.81
24 28 0.55* 0.26- 0.90 30.9 20 0.44F 0.23- 0.71 31.8 20.00
25 12 8.20 5.13-10.88 18.2 5 5.51 4.13- 6.36 15.2 32.80
26 7 6.56 4.55- 8.81 21.8 7 2.52% 1.64- 3.26 23.8 61.59
27 1 29 0097 0.52- 1.53 29.9 26 0.21¢ 0.10- 0.37 28.6 78.35
28 52 5.25 2.90- 7.48 16.8 52 1.34% 0.74- 2.08 18.7 74.48
29 10 8.15 6.93-10.32 12.6 33 2.34* 1.58- 3.11 16.2 71.29
30 14 7.20 5.65- 8.49 1.1 22 1.23% 0.84- 1.70 20.3 82.92
31 26 7.35 5.14- 8.76 11.6 12 1.32% 1.11- 1.69 12.1 82.04
32 22 4.34 3.58- 5.80 111 5 1.29* 1.12- 1.54 13.2 70.28
33 25 5.05* 3.76- 5.82 111 7 1.02* 0.85- 1.12 8.80 79.80
34 12 4.84* 4.13- 5.28 6.0 4 097 0.87- 1.02 6.20 79.96
35 58 5.66 3.25- 7.73 13.8 59 1.31 0.73- 1.82 25.2 76.86
36 86 3.70* 1.77- 4.81 16.5 52 0.66* 0.26- 1.00 27.3 82.16
37 13 2.56* 1.87- 3.45 19.5 19 0.38* 0.27- 0.50 15.8 85.16
38 27 3.32% 1.14- 5.14 25.6 24  0.55¢ 0.32- 0.78 21.8 83.43
39 - - - - - - - - -
40 26 3.90 2.51- 5.99 23.8 19 0.64* 0.40- 0.92 21.9 83.59
41 47 2.15*% 1.09- 3.48 26.5 36 1.06* 0.52- 1.76 33.0 50.70
42 24 2.14¢ 1.16- 3.44 33.6 21 0.75* 0.47- 1.18 30.7 64.95
43 24 2.09¢ 1.27- 3.90 32.5 20 0.77¢ 0.48- 1.36 31.2 63.16
44 28 1.21* 0.72- 2.32 32.2 25 0.78* 0.44- 1.25 32.1 35.54
L: Perpendicular to the lamina plane, Il: Parallel to the lamina plane,

N : Numbers of specimens, /;,, : Irregular lump point load strength, C,: Coefficient of variation of irregular lump point load strength,
* : Values of data points in the relationship between irregular lump point load strength and uniaxial compressive strength.
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Axial point load strength test

Forced-dry state Forced-wet state
Alunite-quartz zone rocks ‘ °* ‘ ‘ P TTe e ‘
Dickite zone rocks (X (L]
Halloysite zone rocks oA A O
Propylitic zone rocks ) [} A o AN
K-feldspar zone rocks @ e ®
lllite zone rocks + +
lit/Sme zone rocks (u] (u]
Chl/Sme zone rocks 6} e
5/ o o (o] o
Laumontite zone rocks A [ 2 A0 A A
Analcite zone rocks ® ®
Heulandite zone rocks A A
Mordenite zone rocks o) e@e o 5} ) oceme o
Clinoptilolite zone rocks (S ] ©
Stilbite zone rocks + +
Least altered zone rocks o0 ) ) ) ®o ) ) )
0 1 2 3 4 5 0 1 2 3 4 5
Axial point load strength : /; ), MPa Axial point load strength : /), MPa

Irregular lump point load strength test

Forced-dry state Forced-wet state
Alunite-quartz zone rocks ‘ > e [ T Te RS
Dickite zone rocks |® ® ™
Halloysite zone rocks oA lis)
Propylitic zone rocks [} e A em
K-feldspar zone rocks [ ® ° °
lllite zone rocks + +
lIit/Sme zone rocks (] o
Chl/Sme zone rocks e o
(9] o (@] D o
Laumontite zone rocks A ° A A ' A A
Analcite zone rocks °® °®
Heulandite zone rocks A A
Mordenite zone rocks () O @ @ @ o ococe® o
Clinoptilolite zone rocks e o @
Stilbite zone rocks + +
Least altered zone rocks o o ) ) ) © ) ) ) )
0 2 4 6 8 10 0 2 4 6 8 10
Irregular lump point load strength : /; ;), MPa Irregular lump point load strength : /; ;, MPa

llt/Sme zone : Interstratified illite/smectite mineral zone, Chl/Sme zone : Interstratified chlorite/smectite mineral zone.
Rock type :

00000000@ : Fine tuff, M :Medium tuff, OOO : Pumice tuff, AAA :Lapilli tuff, < :Welded tuff, @ : Dacite,

O : Tuffaceous mudstone, ++ : Tuffaceous sandstone, AA : Tuffaceous conglomerate.

Fig. 5.11 Average axial and irregular lump point load strengths of
hydrothermally altered rocks in the forced-dry and forced-wet states.
BHEEZERES L URTREERKEBICE TSI KEESEOAREH LUV ER R

s
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Axial point load strength test specimens

No. 19, 28, 35, and 42 : Forced-dry state.
No. 9 and 23 : Forced-wet state.
No. 9 and 19 : Invalid test specimens.

Fig. 5.12 Examples of typical modes of failure of the specimen after the axial
and irregular lump point load strength tests. Numbers correspond to
“Rock code” in Tables 5.1-5.4, 6.1, and 6.2.
A BEUVFERRBARSIHARRICE T SHEROWEREDORKHA

RN, EE, oM RETEBEVIRT LIS E RS, FoRBRERE
BEROFHENLGR VRS LERDDHE LTS, LENn->T, AMFEICEWN
T, WEm M RE S ERVWES (Fig. 5.12 No. 9), E70i%, AkEEm»—
OO T Y /T DA (Fig. 5.12 No. 19) 1Z1E, AHE iR S 55k A
FIXRITH D LWL, aaﬁmIi@{ém:%H&@ﬁ%b\f:. AL T, FAE GiE)
ST TR S R & NE AR SRR T, BEOLR, KWT L2560
WS MEB N D - 7=, 723, Table 5.3 and 5.4 (23551 2 i IRE S0, KkIK
L7 IR B 2L & T e,
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10

Rock type :
Q000000 0@® : Fine tuff, M : Medium tuff,
OOO : Pumice tuff, AAA : Lapilli tuff, < : Welded tuff,
@ : Dacite, [ : Tuffaceous mudstone,
++ : Tuffaceous sandstone, AA : Tuffaceous conglomerate.

Hydrothermal alteration zone :
@ : Alunite-quartz zone, @ : Dickite zone,
OA : Halloysite zone, @A : Propylitic zone,
@ : K-feldspar zone, + : lllite zone,
] O : Interstratified illite/smectite mineral zone,
Correlation coefficient : @ : Interstratified chlorite/smectite mineral zone,
R=0.90 QO: . @AA : Laumontite zone,
: . . : @ : Analcite zone, A : Heulandite zone,
0 1 2 3 4 5 @O0 : Mordenite zone, @ : Clinoptilolite zone,
Axial point load strength : /; ), MPa + : Stilbite zone, < : Least altered zone.

Irregular lump point load strength : /; ;,, MPa

Fig. 5.13 Relationship between axial point load strength and irregular lump
point load strength of hydrothermally altered rocks.
BKZEEOAE ) RBFRS EFERRBFERE & DERK

5.3.2 A REFEES AT REFRS &EOER

YA (HE) AT TR S lga) & RETE BT8R S 1y & ORARIL, MIBTHY, Z
o ORBRRAI, 1 = 1.9 I TH D (Fig. 5.13). £z, Zh b OMBEKRKIT
090 THHDT, HFFITHWHENBRAOND. LEn-T, M (B IR
ERRBA RS IEL, TNENEHADRELRY, RIZEXHLI OO, ZThb
DOMBENRIEFIZEmNT & D, AR S RBRIEL, =N T 5 IR (i) kit
iz TbAr—H% A MBI L2 ARERLEREICEB N THREIERIZ, HA05R
S ZfEPORHEICFEM TE D ENFEIEI LT,

5.3.3 HA#H ) fEffRs EYERELOERK

FIAE () Al R & & Rz S, AN B2, WoKE R X OVE RIS & o B
% % Fig. 5.14 (27~ .

—RIC, AAOBRS LEE, WKRE X OAEDMEER L ORI immm%%
%D &b s 4O KIFRICB N TS, IR () SR s & g
B, ffngE R, WOKEB LA DFERE L ORICITHBBERIR LS.
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Forced-dry state 100 Forced-dry state 100 Forced-dry state
w 4 80 r 80
£ =x = o
S S <
2 S 60| z 60
¢ ° 2 2 -
. o o 5
z £ 3 ° 8 'S ".°,°o ° .
B 2 A 1 & 40+t ° e L 40+ °
2 0 s oo ® =, ° s ° Jo. 8 ° _E ..o S
z 10%% 4 o £ o . 2 A 3] A
= @ @ ] o ) =
s 8o Y ¢ = % 0.,&4 A Y "4 e |
o E ] A ) AA *
*
0 0 A 0
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
Axial point load strength : /;,, MPa Axial point load strength : /;,, MPa Axial point load strength : /), MPa
Forced-wet state 100 Forced-wet state 100 Forced-wet state
2 A B C
o 4 L 4
< 4 < 80 < 80 o
% S <
i{, 3 § 60 % 60
= A 2 o s (o0}
2 R s loe s pee,
s 2 &’fg‘. . T 40 % 2 wile
= () €] = &
E % ® o 3 & +.A
[ ° = A ® b Aamg
2 1 — 20 é. A — 20
©
b and A ¢
A ® A
0 : : : : 0 : A : : 0 : : : :
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
Axial point load strength : /; ), MPa Axial point load strength : /), MPa Axial point load strength : /), MPa

Rock type :

000000000 : Fine tuff, M : Medium tuff, OOO : Pumice tuff, AAA :Lapilli tuff, < :Welded tuff, @ :Dacite, [ : Tuffaceous mudstone,
++ : Tuffaceous sandstone, AA : Tuffaceous conglomerate.

Hydrothermal alteration zone :
@ : Alunite-quartz zone, @ : Dickite zone, OA : Halloysite zone, @MA : Propylitic zone, @ : K-feldspar zone, + : lllite zone,
O : Interstratified illite/smectite mineral zone, @ : Interstratified chlorite/smectite mineral zone, @O : , @AA : Laumontite zone,
@ : Analcite zone, A : Heulandite zone, @O : Mordenite zone, @ : Clinoptilolite zone, + : Stilbite zone, < : Least altered zone.

Fig. 5.14 Relationships between axial point load strength and physical
properties. A: density, B: water absorption, C: effective porosity.
BKZEBEEOMF ) R8RS EMERELDOBR

5.3.4 BKZEBRELEABHFEIBIOERLDER

BBV K 22 o R R B I 35 1T D AU R S SR R ERBE D Z L K Y
ENETEAD L TWAENERTT-OIC, RiimmIEDRE2RKIZ L > TEH
L.

£9
£9

I —1
D =_Sdv  stwet 100 (5.1)

r
s—dry
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Avg. D, %
Alunite-quartz zone rocks e e [ ' ® ' ' 21.8
Dickite zone rocks e T I () 431
Halloysite zone rocks o O A A 65.2
Propylitic zone rocks = B A0 A 53.2
K-feldspar zone rocks ) ° |-:::.‘.’i ______ ) 29.1
lite zonerocks | e H-_t 745
lIlt/Sme zone rocks og 91.6
Chl/Sme zonerocks | © 95.9
o o _jeeoO oo 63.6
Laumontite zone rocks A A ACAA A o@ 55.4
Analcite zonerocks | . * 778
Heulandite zone rocks A|fé 73.2
Mordenite zone rocks 0 IO 76.4
Clinoptilolite zone rocks @ - f e 719
Stilbite zone rocks + [F 54.3
Least altered zone rocks . . o o | eo . 57.7
-20 0 20 40 60 80 100
Point load strength decrease ratio : 0,, % ( ---- Average)

lIt/Sme zone : Interstratified illite/smectite mineral zone, Chl/Sme zone : Interstratified chlorite/smectite mineral zone.

Rock type :
Q00000000 : Fine tuff, M : Medium tuff, OOO : Pumice tuff, AAA : Lapilli tuff, < : Welded tuff,
@ : Dacite, O : Tuffaceous mudstone, ++ : Tuffaceous sandstone, AA : Tuffaceous conglomerate.

Fig. 5.15 Relationship between hydrothermal alteration zone rocks and average
point load strength decrease ratio.
BKZEEFICETARKEES L RABRABRIBIOELDER

2T, Drid sl SR (%), Ds-ary 3R B HLBOIR TS F5 1T D AL AT i
S (MPa), ls-wet (ZTRAFPTFIRABIZI T 2 FlimsR S (MPa) TH 5. Z o

SR B IR RE O TR & 2 100% & L2 A, SREIRTEIRE & 05 & o 2R
M%WICY =B 0% RTHDOTH B .

A () 3 X R ETE s dlfir 7R S SR 31T 2 sl fr 7R S Jli ) % Tables
5.3 and 5.4 (T, BUKEEHICHIT HBUKEE S & AR S B oY E
O RE% % Fig. 5.15 IZZF N E IR T,

BOKEE A O Rl iR Sl IE, B Y B R RLEEIR A 2BV T-7.8 % T
LIS, I m—=F A 8 ARARAT ZA NEA IR AR EE ZHE VT 96.3%
T dH K&E VW (Tables 5.3 and 5.4) .
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T IT, BUKEER T R0 X, BB L TR ST NS A T
AN/ ARXTZA NEBEIMHE XA AT Z A4 NPl LW % &
YA TA MELBEHETHD ZERPALNTENT NG 1339044455960 - g
REVICIE, BOKZEER T <0 1X, A6 30 A i 8 = e i AR | R — b R i g 28
WY 4 3E Ml O 55 =% B Hoam A REERS K ORBIESMRTIZA 714
AAT B A NMEABHMHRLA A7 Z A4 b VDIE, AV HEMEE LW
4T FHEODRRRA Y XA M EEREALTFA M OC, R 5 7 T
FLAN — AR O =% B HiA T v A EomikTiIa 7
A NS RRAT A MRBBHDE VT, RAFT 7o R_BBLOY 7 LAYESTR
WMTIEARAZ S A M, AAT AL DNEEGDRELT A MEBIORRARA T Z 4
FEghm—Fr A PO TRAL TS 3. E, dbiEEE R ET A R
R ML MU B8 U D AR =R B TR A R ORI BRI (2 ) ) 2 A
074 M) ODRARXAT XA NEGENPHT Y ORELELONFHEEICS
ZDLWBIZOWTRHM LR, AAXA7 XA begtammlE, 7 wt%d ik
HDEDAA XA NEAETSH, FAOMBIKTNICEEL, T Rt
LEBEREREEOWNEES LD L ShT0E D,

R SR RO MEIL, 7 —F A4 N AA 724 NEGEIEDH B
LA TA N AR A A NEATBIDH T 90%LL EEFERICKEL, £z,
BAB MRS LI TR S T bh b a A A M, ZAZ 24 METIELH A
hy £ 74 FPESCELTA M (TFHAH A b, Ba—F %A N, T
FThA MBI ORZ Y 44T 4 ) ThbREL, 60%L ETHDH (Fig.
5.12). T4 v A MEBLRNa—F ¥ A MFIZB O TIE, SR S R
D FEEIE DS 60%LL T Tidd 205, s 8 SR 710% 282 5 b H 1,
N L, BB OMFT X LEBORKEERH L OBERERKICET S
Fok 3N3NADAINEN L p & —Fd 5, F, BOKAE#HICET AT G
BRIEIZBREE & A ISV TFHMTE B AEMERH 5 WP L S50, &
AR SO RITZDOZ LA IR TOHMAETHLELERD. B, r—F
AL, EATTA MEBEOZ ) 724054 MHHICBWTIE, DED X
AT EA NERETH>TYH, MHENEEREICI T 2 AR S 28 KIEIZIE T
TOMAERNDH 7. ZOZ &L, o 0BEUKREER TIX, BIMEMR LY
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HEERLSTH, #HiFRAKPLCH T ARKAMB ORI DK T AL, I (FkE)
RRERE LR ESEL RN D LBRELEH THL I LamRR LTS,

5.3.5 mEMABIABROXLMEDRKREL

FIFE (E) 36 X R E W s fir 78 S BB AE R0 B 15 b o ZEfR % % Tables
5.3and 5.4 (2, fIEIRMEE & @Rt & OBfR % Fig. 5.16 IZZ N Eiurd . Z
DN S, FEREEER D2V EL L TEMBEENRE L, RBBEROI
LOXNRRKREVREELDLLALNDN, 1A EORBHIBW CITEENREKIC
B ol R EEEEHE L TV 5720, sdl iR S 55k o SE5 Ml o5 8 X R
W, RAEHZBIT 250 DM DR A EMICIEZTHRY, RFRIZBIT D
AR SRR II RS THD L TE D,

Axial point load strength test Irregular lump point load strength test

50 . : 50
S S
n /@ u
A /('3 s/
x 40 g/ x 40 ¢ g/ ]
L;; %f / L); \:‘b /g ™
It o |/ t S/ &
D > @ ® 04
= / +e < A &
S + oS (4
= 30 ¢t d’ o (5] o + = 380 ! P % &o
< 7 e o o 5] S / o + +
= i = 6 * + ©O
S °! PY o i ° ° °
— ® °® [} -— A °
° m:®, O ° °© A e o
e 20 | aAA GO . £ 2 / o . °
g8 ‘o @ &® at o 8 N o o A
g " &0 Ao 2 (g o ¢ b 4
3 fm e®a e o 3 % °
o % o ! ) o
10 40 1 000 o
- S o :
A @ €]
)
0@ . . . . . . 0 . . . . . .
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Number of specimen : ¥ Number of specimen : ¥
Rock type :

000000000 : Fine tuff, M : Medium tuff, OCO : Pumice tuff, AAA : Lapilli tuff, < : Welded tuff, @ : Dacite,
[ : Tuffaceous mudstone, ++ : Tuffaceous sandstone, AA : Tuffaceous conglomerate.

Hydrothermal alteration zone :
@ : Alunite-quartz zone, @ : Dickite zone, OA : Halloysite zone, @A : Propylitic zone, @ : K-feldspar zone,
+ : lllite zone, 0O : Interstratified illite/smectite mineral zone, @ : Interstratified chlorite/smectite mineral zone,
Q0 : , @AA : Laumontite zone, @ : Analcite zone, A : Heulandite zone, @O : Mordenite zone,
@ : Clinoptilolite zone, + : Stilbite zone, ¢ : Least altered zone.

Fig. 5.16 Relationships between number of specimen and coefficient of
variation of the axial and irregular lump point load strength tests.
A BLUVTERABTRIFARBRICE T2 HEAEARLETFZHE L OBER
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Al B A v 2 e T AR P MG, b BT R SS TR PR ek ds L OB 7 e BT B
BRI ES S, EITHHE =R Bkt s LORBESE &7 ¥ 4 b
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THD.

1)

2)
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4)

5)

6)
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BOKZEE S O PR (E) sl i S O B, R 2R B8 s I OVl il
MR L bIZ, TAFTA N—FAEHFTAVTA PR RORELS, ZARAT XA
N BRI S S B /N S V.
BOKZEE G DR ER SHAT R S OFEEIE, miflmgRETcE, v —%»
ZA MrEEKEEE R R RELS, ARXA T XA MFBAEIKEDP KD /NS
W E e, REREEIRE T, Y RAMAMRIEEKE R b RE <, A A
7 2 A MFEAEIKE DRSNS 0.
SR AR R AR I 31 2 AL () B X VR ETE Sl iR S 1%, 7 U &l
RIBEIR A D AR ER S S 2 k< &, Wi bl fERED T —% &
DbH/hESWv. B, TTA P AERFICONTE, WO RHEA R S
b gR i EZ KRR &SRR TR R IC B W THEBERZEIT AR,
FIAE (HE) BT TR & Mgy & AN ETE R 8 S sy & O BAFR U 1s) = 1.9 Iy
THO, T2, TNHOMBEREKIFZ 090 THLDOT, FEFEITEHWVFHER A
L.
MAE () B L ORERA#HMRS X, TAENEHANRZRY, BIICE
NHDLHDOD, MEDOHENIEFIZE N &b, malmim S B, =
Wmﬁﬁémﬁﬁﬁﬁﬁﬁzﬁwf%ﬁy—ﬁfbi‘Téﬁﬁ%ﬁﬁ%
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B—EUHA Ny, EATFTA MBIV 22 AT 4 FHIZEWNT
X, VEOARXA I XA FVERBRETHH-TH, MENTREIREICI T D A #H AT
I NKIBICIKTT2HRAAER D72, 2D &1, b OBKEE
TiX, MR LM a2 & £ TH, HIRAKSH T KD HilE O S DK
TEMRL, #HFTx0 (k) OREREEREIEDLARBEEN S HEUKE
BHTOHZEERBL TS,
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E6E RKEEEDRAHFTRSHRICE DS —HIEH
RS DHETE

6.1 WEAHE

BAE L 7oA A ek 2 & RE T S H ATl S BRI X OVl E#E aBR s 3 17 2 fit
AR ZER L, R ek i b L OV ANE R RR IS B 1T o — i E AR, 4
— A FPOBRERREBICB T OIARNERAHMESRBREL I o7, 20k,
— i A RS 1T D B EA oo s i KRB dS K VR AR R BB I E T 2 £ T
(Z B 7R R R R S L QMBI IR [ O BB RS R S TR DAY, R R S
R LRk FIETEB I otz Tbb, MililiRiEIL, A% 60+3°C
DRI C—EEEIZ/ 5 F Tl S8, sEshgiERee ik, iRz KK
—EEEIIRDIETRTZLICLY, ZnEnoREE L. /o, —fliEH
B O LR ERIRR 1L, BB AEOMHILI A YEL NI v X —OHHIR
EDIOWKBEKREERT 2, Zhicky, kot -4 FoARE
KIREBEMRETHZENRETHD. Thdx, —HEMRBRICOVWTITAR
GARKRETITB I o T, BAG/KIREBIZI S 2 sl & &5 o it
AL, 11 A EA~FAIZHT TEREL, WThotlk T XfEigxiFh, B
BRIBITR 4.4°COTH -, F72, T —HA FOAREGAKREEMET S 7=
W, REHRERNORBREZB 22O £ TOM, REMSHMR SRR
RITEE U CRE Lo, fEaURIE, —ib e < 326 18 (R #z etk 58 T 43
AOEE, FRANZIEARAE T 41 FOBH, BARGARIEIZR T 5 AN E T S #A R S G BR
T 748 fH (18 #kl) FME L7= (Tables 6.1 and 6.2).

6.2 WRBLUEE

6.2.1 BKEEED—HHEMES
BOKEE Aol iRl X OV EREBICK T 2 —flEfRR S %
Table 6.1 3 X O Fig. 6.1 |2/~
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Table 6.1 Numbers of specimens and results of the uniaxial compressive
strength test in the forced-dry and forced-wet states.
—WERAROUARERE ZOHARER

Rock Loading Forced-dry state Forced-wet state
code direction N Avg. g,, Avg. g, c, N Avg. g,, Ava. g, c,
to lamina MPa Range, % MPa Range, %
plane MPa MPa
1 5 23.66* 21.19-27.14 8.7 5 15.64 11.83-20.48 21.0
2 3 66.79 57.28-73.51 10.3 3 67.14 57.55-84.21 18.0
3 1 4.76* - - 1 3.88* - -
4 1 3.56* - - 1 1.63* - -
5 1 9.18* - - 1 4.22% - -
6 2 7.41% 6.31- 8.52 14.8 1 1.08* - -
7 L 3 33.97 32.69-35.96 4.2 3 11.86* 11.76-11.92 0.6
8 1 16.19% - - 1 18.48* - -
9 4 40.74 27.95-47.90 18.9 4 15.83* 13.62-18.50 11.4
10 1 1 36.66 - - - - 16.04-20.70 12.7
11 1 2 61.24 52.58-69.91 14.2 3 21.29% 17.99-24.13 11.9
12 6 7.03* 6.20- 7.76 8.5 5 1.80¢ 1.66- 1.90 6.1
13 11 7.38* 4.18- 8.95 171 10 1.95¢ 1.55- 2.45 15.4
14 1 4 27.81 23.60-34.12 14.5 3 2.91* 2.20- 3.40 17.9
15 2 15.19* 13.81-16.57 9.1 4 1.20¢ 0.99- 1.47 15.0
16 1 - - - - 1 6.08* - -
17 1 1 10.68* - - - - - -
18 1 6 2.09* 1.64- 2.47 12.4 4 1.24* 1.14- 1.35 7.3
19 2 7.11*% 6.28- 7.94 11.7 3 2.74% 2.63- 2.93 5.1
20 2 3.37* 3.28- 3.45 2.4 2 1.01* 0.97- 1.04 4.0
21 1 5 2.07 1.04- 2.52 26.1 4 1.56* 1.38- 1.77 9.6
22 4 5.27* 4.88- 5.82 6.6 5 1.54 0.94- 1.87 23.4
23 1 12.91* - - 2 2.69* 2.68- 2.70 0.4
24 1 6.18* - - 2 2.30* 1.96- 2.64 14.8
25 1 84.07 - - - - - -
26 1 91.10 - - 1 18.16* - -
27 1 5 8.10* 6.57-10.07 17.8 3 2.78* 2.65- 2.92 4.0
28 5 36.69 35.60-37.54 1.8 4 11.47* 10.86-11.82 3.1
29 5 31.14 24.19-37.95 15.0 10 16.64* 12.16-22.12 19.8
30 10  26.03 21.78-28.51 7.2 5 8.08* 6.99- 9.28 9.5
31 3 29.79 29.41-30.05 0.9 5 5.81* 4.90- 7.35 14.3
32 4 4156 37.76-44.64 7.0 1 6.23* - -
33 3 23.29¢ 22.61-23.85 2.2 1 6.44* - -
34 6 18.49* 17.95-19.19 2.9 4 4.47* 3.94- 5.24 10.7
35 4 26.44 24.20-27.93 5.3 3 7.70 4.60- 9.84 29.2
36 20 17.15* 14.00-19.69 8.6 17 4.73* 3.40- 5.51 12.5
37 2 8.93* 7.24-10.62 18.9 3 2.52% 2.16- 2.93 12.7
38 4 19.23* 17.35-20.54 6.1 8 4.22% 3.58- 4.70 9.0
39 6 22.00* 20.38-22.76 4.0 5 5.03* 5.12- 5.63 3.2
40 3 18.09 12.88-22.93 22.7 1 4.60* - -
41 2 19.10¢ 18.71-19.48 2.0 2 3.96* 3.94- 3.98 0.5
42 5 16.18* 11.58-18.45 15.8 5 8.77* 7.17-10.17 11.9
43 6 14.57* 13.31-16.34 6.9 6 6.72* 6.45- 7.09 3.3
44 5 12.37* 11.20-14.00 8.3 5 5.36* 4.31- 6.34 13.6

L: Perpendicular to the lamina plane,
g, : Uniaxial compressive strength, C,

*: Values of data points in the relationship between point load strength and uniaxial compressive strength.

II: Parallel to the lamina plane, ¥ : Numbers of specimens,
: Coefficient of variation of uniaxial compressive strength,
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Table 6.2 Numbers of specimens and results of the irregular lump point load
strength test in the natural-moist state.
BARAEKKEICETSITERRBTRIAROEAGKER L TOHBRER

Rock Loading Natural-moist state
code direction N Avg. Avg. /) c,
to lamina Il i Range, %
plane MPa MPa

4 30 0.14 0.06-0.26 429

7 L 35 1.92 0.79-3.86 43.2
12 50 0.45 0.18-0.98 42.2
14 1 46 1.75 0.73-3.52 42.3
15 46  0.42 0.14-0.83 452
19 40 0.25 0.13-0.50 32.0
20 47  0.33 0.11-0.55 42.4
23 46  0.40 0.19-0.74 37.5
24 22 0.31 0.15-0.55 38.7
27 1 41 0.25 0.10-0.55 48.0
28 46  2.58 1.00-4.84 36.8
30 39 1.19 0.52-2.43 445
35 38 1.36 0.47-2.64 39.7
36 34 0.71 0.33-1.44 46.5
38 48 0.57 0.22-1.24 421
40 40 0.91 0.38-1.72 429
41 50 1.46 0.37-2.60 41.8
44 50 0.50 0.11-1.03 42.0

L: Perpendicular to the lamina plane,

I1: Parallel to the lamina plane,N: Numbers of specimens,

/sy + Irregular lump point load strength,

C, : Coefficient of variation of Irregular lump point load strength.

SR L ERIR BB IS IV B — il EME R S O BB Y, v —F X A DT REIK R
759110 MPa T b KE <, RAA T XA MNEFEAEIKAS ) 2.07 MPa Tie b /)
S\, F, RENZEAREICR T D - EME R S OEYEE, TS -6
FHT A YA A 67.14 MPa Tl b RKE L, A AT XA NEFEAEIKAE R
1.01 MPa T /M &\ (Table 6.1 35 X O Fig. 6.1) . s&$IZEIRAE I 1T 2 — ik
JEME TR & OSFEEEIL, T A b —fa%EwT A% A4~ (Rock code: 2) B LUV
0BT A NEHRIEEIK S (Rock code: 8) #Br< &, Wiiud i@ iz oiRED 7
— X2 X0 /0.

— B ERE R IS B T 2 IEBRIR O ERRE OB % Fig. 6.2 12”77 . KEFRE
%, HEEIAYEE (Fig. 6.2 No. 1) B X O AWrakEE (Fig. 6.2 No. 19) @ —|Z
DI ND. Fig. 6.2 No. 7 D X 9 RBEIERERITRTH L LW U, s R
SRB L RERIC, 2EROFEEMHE SED RV,
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Forced-dry state Forced-wet state
Alunite-quartz zone rocks "o ‘ S ‘ 'y ‘ S
Dickite zone rocks | @ o0
Halloysite zone rocks 0 AO
Propylitic zone rocks [} e A e AN
K-feldspar zone rocks ° ° °
lllite zone rocks + +
lit/Sme zone rocks o o
Chl/Sme zone rocks (6} o
00 Do
Laumontite zone rocks Ao A A 2 A
Analcite zone rocks ® o
Heulandite zone rocks A A
Mordenite zone rocks O @ee® o ce® o
Clinoptilolite zone rocks @0 @
Stilbite zone rocks + +
Least altered zone rocks X0 ‘ ‘ ‘ 00 ‘ ‘ ‘ ‘
0 20 40 60 80 100 0 20 40 60 80 100
Uniaxial compressive strength : g,, MPa Uniaxial compressive strength : g,, MPa

lIit/Sme zone : Interstratified illite/smectite mineral zone, Chl/Sme zone : Interstratified chlorite/smectite mineral zone.

Rock type :
000000000 : Fine tuff, M : Medium tuff, OOO : Pumice tuff, AAA :Lapilli tuff, < : Welded tuff, @ : Dacite,
[ : Tuffaceous mudstone, ++ : Tuffaceous sandstone, AA : Tuffaceous conglomerate.

Fig. 6.1 Average uniaxial compressive strength of hydrothermally altered
rocks in the forced-dry and forced-wet states.
RERBRRES L UVRFBEHREBICETIBRKEEED —BIEMES

No. 1 and 19 : Forced-dry state.
No. 7 : Forced-wet state.
No. 7 : Invalid test specimens.

Fig. 6.2 Examples of typical modes of failure of the specimen after the uniaxial
compressive strength test. Numbers correspond to “Rock code” in
Tables 5.1-5.4, 6.1, and 6.2.
—HMERRBRRICE T HIHAKOHEREDORERH
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RFEFOMRIEEIK S (7 BT A MEARLEEK % - Rock code: 7, 7 v — 5 A
NSRRI B A NREE B AR EE K 45 - Rock code: 15, A A 7 ¥ A K HihkL
KA : Rock code: 19, v —F > ¥ A4 MHHMKLEEIK A : Rock code: 23 B L OV
F YA NEARLEEIK & Rock code: 27) (ZOWT, EHEL 30 mm B, 53
60 mm F2)E O A2 /ER U (Fig. 6.3), 5l i K 58 T o0 — 8l £ i 7l Br
RFICB T 20T AMEELEB I Ro7. OFTAWEICIE, OFTAHAT—Y (A&
tH 4 FnE 2R KFG-10-120-C1-11 LIM3R) Z AW TEB Z 2\, Fig. 6.3 ® X 9 {2,
w7k KOG S, ERER &S T O e ks, OFAMEIS
B2 —dhERME R OMRAOFEIT Fig. 3.6 HF20mm < W < 100 mm
i@szz@%#”mm%ﬁﬁﬁé

LR FA O FBRLER K 55 O BSRE BRI IZ B 1T DI 1 — O T A &, Ao
— AR S —%Fmﬁé®5W>ki5%7//w PEAR VLR AL (HEAR
YU R) BROFIRMEESRE (Bl 7#8) & Fig. 6.4 1277, ok, A
TV UlE, Rk THBE L.

y=—"- (6.1)

T, vIERT Vb, giddii s m (JEME) OF A&, g 7GR (B15E) O

Schematic Photograph
( D Specimen
~—— (Rock code : 27)
e W =30 mm

LIS h = 60 mm
B d

b/ Strain gauge
s |a a : axial strain
g / b : lateral strain

Fig. 6.3 Specimen of the strain measurements on the uniaxial compressive
strength test.

—HEMARICE TSV HBIERDBEK
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THTHD. Flo, EHRHEMERES X OB EREIL, Fig.6.5 173 X9 7%
— B EMERBR OB DN D6 — O T AN I 2 B ARL I X OVEE 4
BB ZNENROT. 728, Fig. 6.4 ([ZBF 585 (JEME) OF A L OV
JmE (BIE) OFRIE, FhZF, —o00THhTF—I bl hEN-0Fx4
DEHMETH Y, KL T, EMOTHEZA(—)E LTERLTD.

SRl Hz R BRI B 1T 2 AR O MORLEE K s DS ) — O F AR, Wi o
BE I 1 OIS, BEPEZEE ) & BRI S E A A2 oRx L,
IR TE RV, —HlEMR S O 50%CB ) 5 MR, e T A M
BRI GEEIK 5 2% 3.7 GPa Tl b K& <, T DM OMKIEEK &S Tl 1.0GPa Ll FTH
H. HMEREIL, e T A MEFHRIEEIKE 2R &, WO MBI IR S b
REM 2R TH D RKBA OMIERE (2.6 GPa) &t T/hE .

16 T T T T T T 16 T T T T T T 16 T T T T T T
Axial strain Lateral strain Axial strain Lateral strain Axial strain Lateral strain

s P s

=, O pax q, =11.98 1 2 ot g, = 703 = 0 g, = 3.52 ]

S F > v= 010 S v =014 S v = 003

v E = 37 v E = 05 . E = 06

3 E, = 37 2 E, = 09 8 E, = 10

s 8 ] ® 8¢ O max % 8 ]

[ o [}

= O (50%) = =

[} [ [

(7] w w

o 2 e

% 4 E‘ 4t ":N / % 4 t Ounx

o oS oS (\

i 70" 15~ °= 19
0 . . . . . . 0 . . . . . . 0 . . . . . .
-20,000 -10,000 0 10,000 20000  -20,000 -10,000 0 10,000 20000  -20,000 -10,000 0 10,000 20,000

Strain : £ (x108) Strain : £ (x108) Strain : £ (x108)
16 T T T T T 16 T T T T T T
Axial strain Lateral strain Axial strain Lateral strain

i L . . . .

< 12 q, = 679 < 12 q, = 488 — : Axial strain (compressive strain)

5 v=017 5 v=024 — :Lateral strain (tensile strain)

. E = 03 v E = 05 o )

2 E = 04 g E = 07 g, :Uniaxial compressive strength, MPa

- 81 G 1 2 81 v :Poisson's ratio

= = .

§ % Cum E; :Tangent modulus of elasticity, GPa

E 4| o E 4t E, :Secant modulus of elasticity, GPa

Q Q O (s0%)

i 23~ 27
0 . . . . . . 0 . . . . . .

-20,000 -10,000 0 10,000 20000  -20,000 -10,000 0 10,000 20,000
Strain: £ (x108) Strain : £ (x1068)

Fig. 6.4 Stress-strain curve on the uniaxial compressive strength test.
—HMERARICETAIE N -0V FT AR
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Tangent modulus of elasticity : £ Secant modulus of elasticity : £;
) )
.. GMAX ””””””””””””””””” .. OMAX ”””””””””””””””””
(7} (23
o0 (2]
2 =
k) >
[ [
= =
] ]
@ Oww |/ & © O |77
(=} 1 o
£ £
o o E.
(&) (&) s
1
Axial strain: £, Axial strain: &€,

Fig. 6.5 Calculation of modulus of elasticity from stress-strain curve.
EREMHRES I VEREERBOELHAZE

PE SR D — i £ g B AE R KA, BRI 15~20% T H 2 #i]23 Hhikiy £%
<, BRCEBIRED 20%E B2 5 HA I, HRKEREHEOT I EAEE L
WEERD O, 13 EALEDOREHZ O W TIEB RIS 20%LL T TH D
(Table 6.1).

6.2.2 MM SEmRS & —HEMRES & DER

SR R IR AR (BUK R 24 3EHE L OVRAE A 3 3EH F5 L OV i i R
RE (BUKEEA 34 Rt LOREE S 3k (281 2 MAE (i) AR s &
—HhEAER S & OBf%R & Fig. 6.6 (289, 2 OXIE, il LR S 2% 25 MPa R
i DA, 22D, —EhEAME R S OZ BRI 20%LL F o7 — % (Tables 5.3 and
6.112BWNT, *FITREINDLIHAE.) 27y LT D THD.

PO A (L) Al i8] S gy & — B EMITR S qu & OBMRIE, BETH Y, il
fEik ek X OSEHNE R EIC BT D 2 b o BRE L O BEREUE, ko
LB THS.

Gu_ory =105 | R=0.71 (6.2)

s(a)—dry,

Qe =13.2 1 R=0.97 (6.3)

s(a)—wet ,

ZZ T, Qu-dry BLW Qu-wet 6ig§ﬁ§”$€i§%%ﬁ§% £ Uﬂ@ﬁﬁﬂ@ﬁ%ﬁﬁbi% J 5 *%E
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Forced-wet state

S B Y AR § 25 —————————
= ®
& ° A 3 B
3 T [
S 20 ® +. S 20
= <
"ré) <o ] 5
& 15} o § 15 |
K7 E7)
[} [}
= o) =
g 10 | o g 10 t
§ ° 1 & ]
_ o —_
; 5 'ﬂ' qu-a’ry =10.5 /s(a) -ary | ; S Qy-wet = 13.2 /s(a) -wet |
§ Correlation coefficient : #=0.71 ?.3 P Correlation coefficient : #= 0.97
5 ol S obo o .
0 1 2 3 4 5 0 1 2 3 4 5
Axial point load strength : /) _4,. MPa Axial point load strength : /) _,.;» MPa
Forced-dry state and  Rock type :
forced—wet state 000000000 : Fine tuff, M : Medium tuff,
o 25 y - - - 00O : Pumice tuff, AAA : Lapilli tuff,
< C < : Welded tuff, < : Dacite,
& O : Tuffaceous mudstone,
S 207 ++ : Tuffaceous sandstone,
= AA : Tuffaceous conglomerate.
< [ |
[ .
£ 15 Hydrothermal alteration zone :
2 @ : Alunite-quartz zone, @ : Dickite zone,
% 10| OA : Halloysite zone, @M A : Propylitic zone,
s ® : K-feldspar zone, + : lllite zone,
§ 1 O : Interstratified illite/smectite mineral zone,
= 5 g,=11.2/,,, | ®:interstratified chlorite/smectite mineral zone,
E , o ] oo: ., @AA : Laumontite zone,
) i Correlation coefficient : #=0.86 1 g . pnaicite zone, A : Heulandite zone,
0 ; ) 3 A 5 @O : Mordenite zone, @ : Clinoptilolite zone,

Axial point load strength : /. MPa

Fig. 6.6 Relationships between axial

+ : Stilbite zone, < : Least altered zone.

point load strength and uniaxial

compressive strength of hydrothermally altered rocks in the forced-dry

and forced-wet states.

BHEBRERSIVEFNERRKEBICES TR KEEEDAT ) REifmRs & —

IEHERS EDBER
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MR X, lsqay-dry 3 K O Tsqay-wer VL IR FZ IR RE 35 K OVGRENE R BB 12 31T 5 M AE
(FE) AR AT R S, R P A (HE) Ml iR S & — Bl ERE TR S & OFBERETH 5.
g ) B2 IR RE S X OBRNE R RIS B 1T 5 2 b BRI B 1 2 M BRI =
NEN 071 B ELTN0.97 TH Y, FIZHHENBFIREICI W CIEFITE VAN L
515 (Fig. 6.6A,B).

S il R B s XL VIR AN R RE O i F KRB IS B 1 2B A —FE L T o
7256 o M (E) R AT & & — Bl ERER & & o BRI K OHBI R BTk
DEBVTHY, ZOHEHLMHEEE? 086 THAHADT, SWHENALND
(Fig. 6.6C).

q,=11.2 | R=0.86 (6.4)

s(a) »

ZIT, Quid—HEMR S, ls@ldPIAE GE) i S, RIS HAE () sidiifhr
RS L EMR S & OHBERETH S.

6.2.3 FAEMREFESL—HMEMES LDER

S Hz IR RE (BUKZE B 24 30k L OURAE A 330 F L OVl i Bk
RE (BUKEEA M RABBLOREE S 3R CBI D2 ARAERAmEmS & —
il EAER & & OB A Fig. 6.7 12”879, Z O, —#ENE S 28 25 MPa R il
DR, Do, —Hh MR S O E BRI 20%LL F D7 — % (Tables 5.4 and 6.1
WZBWT, *HITrans#E) 270y FhLEBLOTHS.

RIE AR S gy & —EMER S qu & OBRIE, BB TH Y, SRR
Rl L OGN EIREICB T 5 2 o BERE L OMBERKIL, kKXot s
DVThHDH.

Oy ary =51 gy, R=0.80 (6.5)

Gy =70 | R =0.90 (6.6)

s(i)—wet ,

TT T, Qudry 35 5 O Quwer (SR B2 B B RE 35 1 OV IR TR BB AT 50T % — B E
SR Teiyary 35 £ O gyt VIR BEIRIR RE 35 J OVBBNIR IR BE 12 5 1) 2 R E T
AWAIRE, R EARER AR S & BERRS L OMBIRKCTH S, W
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Forced-dry state

Forced-wet state

S B ’- ------------ g 25—
= e
4 A= B
T i S i
§. 20 N ® o Q? 20
< (o) =
5] < B
S 15+ o (¢ S 15¢
> o ® &
S 2/ ] 8
£ la | £
; 5 S ¢ Qy-ary = = 5.1 /s(/)—a’ry ﬁ ; 5 Qy-wet = 1.0 /s(/) -wet |
?‘3 ©  Correlation coefficient : #=0.80 : é 50 Correlation coefficient : #=0.90
5 ol o o o . S o

0 2 4 6 8 10 0 2 4 6 8 10
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O : Tuffaceous mudstone,
++ : Tuffaceous sandstone,
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Hydrothermal alteration zone :
@ : Alunite-quartz zone, @ : Dickite zone,
OA : Halloysite zone, @M A : Propylitic zone,
@ : K-feldspar zone, + : lllite zone,
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@) , @AA : Laumontite zone,
0. Analcite zone, A : Heulandite zone,
@O : Mordenite zone, @ : Clinoptilolite zone,
+ : Stilbite zone, < : Least altered zone.

Fig. 6.7 Relationships between irregular lump point load strength and uniaxial

compressive strength of hydrothermally altered rocks in the forced-dry

and forced-wet states.
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FLIORRE R K OV RANR IR IC B 1T 2 2 S BIRRIC BT 2 MBBRKITENE
nQ%%iUO%T%U,%:ﬁﬂ@ﬁ%%m%wfﬁﬁm%wﬁ%ﬁﬁ%h
% (Fig. 6.7A,B).

g B R AR S L OV AR MR BB O W G AR B IC B 2Bl 2 —FE L THo
7oA O AR (E) Rm iR & & — 8l EfE R S & o BRI L O BRI
DB THY, ZOLE LRI 084 THLHOT, BWVHEARALND
(Fig. 6.7C).

q, =55 l,, R=084 (6.7)

ZIT, Quid—HEMERS, lald N ER AR S, RIIANEE S HEA RS
& —HhEAMIR S & OHBMRETH 5.

6.2. 4 A—YHYA FOBREKREBIZEITATAERASTRIARICEDLC

— B [EHEE S DHETE
AIER o (6.7) 2%, s@FIEERRERS XL OMENE R IC B T 5 A e S & —

%Fﬁ%é&@%%%—%Lfﬁok%@f%é#%,%n%@$%@g%€
AREBIZBNTH ZOBEFRITHEATE 20 CTlEhnneEZxohbd. £ T,
BUOKEE A 17 3B L ks LBt 2 W T, v — 34 b o BARE KRR
IR D ARERAHEHME IR A B 22 (Table 6.2), F@ il 8k BB 3 L U84
TR BB I 351 D —filEME R & & MR OV THE L7z (Fig. 6.8).
ZOMIE, —HhEMETR IS 25 MPa Rl O#EEZ 70y LD TH D,

H R 7Mj< 7‘%)7;333%5%2173@% & R i LRI BB d6 1T D — il A O
S B L ORI EIC T 2 —#EM R S & ORI, n@%ﬁ;’@&p@, ns
ORI L OMHBEREEL, kKX LBY THD.

Ouary =194 1,4 1, R=0.70 (6.8)
qu—wet:4'7 Is(i)—nat, R:O77 (69)
2T, Qudry B & T Quower (T5R B H2 IR TR TS K OBRFNR R AE(Z BT 2 —Hh/E

ME R, sgiy-nat 1X B IR B AKIRAEIZ I 1T D2 R EE SR &, RIZARER A A 5
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Fig. 6.8 Relationship between irregular lump point load strength in the

natural-moist state and uniaxial

compressive strength in the

forced-dry and forced-wet states.
BARAEKKEBIZCETAFERMRABFARS ERFEZBEBRES K UVRGEBKEICE
T5—EEMRES EDERKR

XL —HEMER S EOMBERETHD. Zh b BERRICE T 2 MHEREITER
ZN070 B L0077 THD, WTFNOIREBIZBWTHmWAHBEL R 51 5 (Fig.
6.8). 72k, ARGAREICE T D ARER AR S O LB R & AR E K
ﬁmmamﬁ%nifwgaﬁﬂ@%@%@ LA EE AR L TWD

%M@z,ﬁwﬁ®%ﬁﬁﬁﬁ%< HEHZ BT 25 A DM E O R & EHEIC
ZTEY, BREGKKRBIZBT D AER MRS BHERIZYTHDL L
T CTE B,

— IS, HAORS EEKEICITEVHBEBERD D E ST D 9,
FIT, ABFRIZEWT, v —H A hOBEKEAKREIZET D — il EE R S
TE LN TRV, RENZHEIREES L O HREKIRIEICE T 5 HERED &K
e s, —HhEMER S 2 HEE L, BAREAKIREEIC Té?m%,ﬁﬁﬁék#

il £ R & & DOPEILRICOW TG Lz, BURKEE S 17 50k & i kK s 1Rk
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4 12 15 20 24 28 35 38 41
0 100

Uniaxial compressive strength :
-O-- Forced-dry state
—~O- Forced-wet state
—4— Natural-moist state

Moisture content :

Moisture content : w, %

O Forced-wet state

Uniaxial compressive strength :
qu—dry' qu—nat' 3/70' qu—wet' MPa

@ Natural-moist state

7 14 19 23 27 30 36 40 44

Fig. 6.9 Estimated uniaxial compressive strength from moisture content of

rock sample. Numbers correspond to “Rock code” in Tables 6.1 and
6.2.

AHOBKEIZE YRS -—BHERES

O FEFENTERERS K OB ARG AKREBICEBIT 2 E KK E, SEH R RE, sREIR
AR K OVBUEE O BRI L0 HEE S 7z BAR G AIRRBIZ 31T 2 — il £ #ig 7
X% Fig. 6.9 IZ/R"T. ZORMND, & AEORBHIIW T, FRfiEIERE &
ARG AIRIEICEB T 2B KITITREREN WD, FEOEKEIZ LV H#
SN HREGKIRBIZH T 2 — il EHE R S & mENRERECS T 22 E KR
XREFTRNVEBZLND. SHIZ, AREAREBICE T 2R ER SEATES
ERBIOEAKEICEVHEE SN —WEMRS L OARE ey P L2 HOR
Fig. 6.10 TH 5. HAGAKKREICE T 5 AREEREMES & HAKEICE D H#HE
SNTEREAREICEIT 2 —#EMBS & OBRKRIL, HETHY, Z Ok
B L OHBEREIT, KX LBY THD.

qu—nat:5'5 Is(i)—nat, R:079 (610)

I T, %-natﬁié‘?ktl: FOHEE SN BREG/KREBIZE T 2 — @R S,
Isi)- nat (X ARG AKIRIBIZE T A2 ARER SHATHR S, RITANER SRS & — i
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Fig. 6.10 Relationship between irregular lump point load strength in the
natural-moist state and estimated uniaxial compressive strength from
moisture content of rock sample.
BRAEKREBICBEITIFTERABURSLAHOEKLICLYEESIN-BRE
KIREBICE TS —#ERERS & DAK

JERETR S & OB TH L. ZoBRAT(6.7) e —HLTEY, Zhid,
SR LR BB K OVRNE IR B IZ R 1T S Bk 2 — 5 L T - 7 BIfR & Sk
TOMRTHLEEZDND.

L7’ -> T, RERREARS & —fiEMRS & oAz RIS L > TE
5.

g, =55 I (6.11)

TIT, QuiEERE S, gl ERIES (1965) 00Kz ko THEHH LR
ER R RS Th 5. Ml ek ig, mbhEER Bl L OEREAKIREDO W
THNOEKRKEIZEBNTH, AKIFERICE > TH LN BEER(6.10) 2 H W ivid,
RERRBATRS 0D —HEMFRI AR N T A2 ENARETHL Z ERH LN
Eleodz. 7ek, (6.10) X AL, RER MRS 234 5 MPa & (—
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i B A 7R X A3 25 MPa K O #Cs ) O#iH &+ 5.

(6.11) AT B 1T 2R F DO ME & A (HE) BERRIT I 1 D i 98 & & — i [ 7%
RS & OBAfR (6.4) NICBITHMBEA LT 5 L, BREBADFITHK 2.0 fFRE V.
IO EE, SRS OB FEN ISRM Commission (1985) % ASTM
Standards (2001) iz X 5 DAy, FkED (1965)VD Xk B DD EN E
e L TWa. F£72, FARIED (1965)°0 L » THH L 72 RETRSH AR S 1T
ISRM Commission (1985)'<> ASTM Standards (2001)™|z X - THH L 7= H#:
GHE) Iz B 1T 2 REMm IR E 0 195 TH Y (Fig. 5.13), MEHFITITIEFITH
WHARES (FHES4R3L 0.90) NEOND Z EZB LN LR, T, HEkfiiR
SEFHLEROEVWERBL TS EEZLND. 4%, SEmBRI N —
HHEAM R S 2 J T HBICIE, CoREMRSEEREZMER T2k T,
B AW T2 ERH D0, WTNIZBWTY, R —EHER S 28
RT3t EBx26N%.

LEDZ e, RWFEIC L - TH G [ (FE) 3 X ORE T s a7 il S
EHHEMRS L OBRAE LD L D% Fig. 6.11 127, FAE () SRR
S & EAE R S & OBARIC OV T, SEGIZER R X VR ENE R BT B
F LR E R 2R Lic, Zhd, mEREREICR T 2 (E) Sy m S
E—HYEMEIR S & ORIZIHFF ICEHWMHEAR AN & &, MIBHERAEZ W
TH 725 M) S#El MRS BROGE, BAREGARELD &, il s gk
REE T 3R AR R BOIZ ) BDEHER S WO TH D,

WMoE 2 IR ETHOMERE F CORFMMOER LHEIIGOM T R0 Mlkizs T
HRER—V T arTREHcB T, 77 v 7R —VU 7D ek,
Bz mEWrim OF k2 12 LD, 10em Ll EOER 2 7 EBEENME <, — i E HE
RBREB ) ZENRNEREANEZ . KO EIL, 0k )REAIC
BWTHIFFHICANTHY, £/, MEOEANTFORBICTHESGTH L L HIZ,
E A RVASTETE: [ RAS T B S G SR

6.3 F&oH

A S AL 58 T A S, b ST R ST L S R O - T
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s BT T T
g A // """ 1 q,=13.2 [y
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? 20 ;,l / Axial point load strength test
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<) 1
= ! / /
g 15 it
o {/ /// """ 2 q,= 103 [y
= '/
A 10 '/ 3 / Axial point load strength test
i) 7
E. ,':/ in the forced-dry state.
) i
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g 1/ 3 q,=55 Ly
—) 0 Y Irregular lump point load strength test.
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Axial point load strength : /), MPa
Irregular lump point load strength : /; ;. MPa

No. 1, 2 : Calculated by the formula of ISRM Commission (1985) ¥ and ASTM Standards (2001) 19,
No. 3 : Calculated by the formula of Hiramatsu et al. (1965) 59,

Fig. 6.11 Relationship between point load strength and uniaxial compressive
strength of the hydrothermally altered rocks.
BKEEEDRBAES E—BMEMRARS & DBERK

BRI EES D, FATHH =% LE O H ks B L OIS & L BTt T A
T A MNEEOBOKEE S (— Bl EHER S A 25 MPa K O #k) @ FFE () 3 &
ORER SRS & —EMHRS L ORI VWTELDEERDLEEY T
0 5.

1) R AR BE 3 X ORI IR BB I 1 5 ISRM Commission (1985) '
ASTM Standards (2001) "2 & - THH L 7= FAE () S ATR & g & — il
JEMETR S qu & OBFRIL, —FE L TH o 2BERAD qu = 11.2 Igwy, F72, 1A
BB R 72086 THAHDT, mWHHEN A LS.

2) SRR R s OV R DR BB IS B 1 B AR IE D (1965)°012 ko TH
L 72 NET AT R S Loy & — Bl EMR S g & OBFRIT, —fL TH-
7ZBARADY qu =55 lsgy, 7o, FHEMRE R 094 THLDOT, FEHITHEHWD
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3)

4)

5)

6)
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HEN RS,

HARE AR REIZ BT 2 REFR AHATIR S Isgyna & RBFO G KT LV H#HEE
SN —HEMR S Quaar & 1%, BRI L OMHBEGREE R X2 ZE 0
Qunat = 5.5 lsiynat BE N 079 THHD T, mWMHBENALNS.

SRERT IR S 2 B — Wl EAE R S 2 BT HBRICIE, o AR S BER A
HRHTLINCE T, BBRRXEENSTLILERD LM, WTRIZEWNT
b, AR —EERRINEHTELZEEZ16N5.

sz R AR, SRHIR RS K OB RS AREO TR O EKKRIEICE
WTCh, —EHEMETR S 2 25 MPa R O#CAEIK THILIE, ARFRIZ L -
THROLNIZEFKRAZ HNT, NERREMAIRE 20—l EMER S 2 FJ T
HZLEMAEETHD.

ARBFIETIE, RERSEMMEIHKBPIIERENICTB I abiizn, KA—
BT RS RREEZ Ty — Yo P TRBRAEERIT IS, RE
AT SR, LRI ERORS AT, EAMERLL &
KB EBEZDbNS.
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BTE SUFRSAFENY—FF7ERAV L

7.1 [FLC®HIC

AT T D EEER T RO B LU LRI D X, EhEh,
B AL VB S B F A IR B R )1 EARSE R T O EEF P 5K 9 km 38 KUY
12 km HiS12 & % (Figs. 2.6 and 7.1) . #fFgext ez, Z o o4 <b
&G H PR 4.5 km, ALK 4.3 km OFPATH Y (Fig. 7.1), [7IHT BRI
Sk FE RIS AL E T S . AHUIIZ 351 5 3T A 30 4R (1981~2010 4F) D4R K & (8l
T M 2 B T 1, 691~1,589 mm D #i P (SE¥J 1,068 mm) ¥z & v (Fig. 7.2),
AEEHI 1,718 mm (1981~2010 4E) SO Ltk 2 & A7,

AU I 1T B Hd 0 BFIRICIE, LR (1993) 7, RiTH - 24 A (1997) %Y,
B IED> (2008)*Y, Maeda et al. (2008) V72 X\ X % HUE A 0 4~ ~= 0 H1ITE,
BOKEEWHHT RDICET 20000 5. Ailkix, FHE =fLPaithins
BAEE T, EICkHE KIS OS CTH v, 3212 /il 1 fE B i~ 7l B 58857 it o kil
— BRI L » TR SN B EHLO IR BOK R E #0130, e T L
B U MEBOKEEH B IL FEL ) T R0 MBI E ORI LTS,
ATHIEA> (2008) *3 & UF Maeda et al. (2008) 49T, Hi4 v JEE D ERC, H
SEHE, BUKEEHICBT AT R AN — R~y B 7 EOREBNE R L
THZEREME LT, RO, HEEER X OBUKEER LT RY
EDOEFEHLNIL TS,

g~ AR O fEREFMICET A RIT I ETEHE ST
. BlZE, AEEA (1997) %, ENK 100 #AT O~ 0 &R KO 300
T & Bl ZF0BApmERRE LT, EhEBEHGE X OBFAEICLD,
L L OHEORBAEHE L, FAEICLILEEOZK A2 A TND. Hi
HHE A (2001)300%, ALiEE A EM T~ 0 Ml (BUKZEH k) (B8 5 24
O, HHE, #MEMHER JOBUKEER & oot <0 ks L O HH 9
XY L ORRIZOWT, EHEEHGE, HEREA, XRDHERZR EIC X o THRFE
L, BOKEEHMT RO AP =R~y T7OERFECOVTELED TS, &K
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OHS : Ohekisawa Slide, SHS : Shikerebenbetsugawa Slide.

Fig. 7.1 Location and landslide topographic maps of the Ohekisawa Slide and
Shikerebenbetsugawa Slide in Teshikaga Town (Maeda et al., 2008*%).
The topographical map is part of a 1:25,000 map of Pekereyama from
the Geospatial Information Authority of Japan.
BHERELUSTLRUAYIIIMIRYDHERES L UMY MK (FTEIFH,
2008*Y ; 1983 FE L MBEBRHEIT 2 A5 FHO 1L MR M@t £&EH)

fiy + #e 2 K (2007) ™%, FIING 0 [ &2 ARE L7 SRR 2 LR B FRITIC X
RO ZRREIRIE L T HHEMEREAMFELRET D& &b, FITE
PUkd K LS 2 B 72 2 B SEHIR I8 W T, ZRFEOEAWIZE LT 4 BEOG
BRI IS5 L7 SRR FRM X &2 ERR L TV 5. URIEDY (2009) i, AHP %
AW THS XY HE O PGB fERE 25§25 > A7 L& L, #E =i
J& 75 70 2 P B I sl THEME S a7z 312 oM Y flmizownW'T, %
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Fig. 7.2 Annual precipitation of Teshikaga Town in 30 years.
BFREMICE T HEE 30 F/H (1981~2010 F) OFRKE

DYATLZxBEHAL, T XY HEORIEESERESHEEZIERL TS, L
ML, ZThoOWERRIL, MFEHBOMT XY MENOALEZRSR E LIZGER
FEFEAM T TH D T L, GRS O SRR EE STV W &
OHMERN DD, £, BKEBEERREOEBEORELZE LT AT
A NERREFARCBE T 2BV T, ATHEIED (2000)% BT, %<1
WE I TR,

ZIT, TRV IZENDRZOEF I THY, MIT RV Z2REISELE IO
AT EAW I TH L. O T 2 WEMEIR SR EOE ARSI T
HY, bLb, BAMANEAMMBRS 2 LE D251, #d <0 n%EAE+ 59,
ZDw, L, GERHT XY OLEMT AL IR 512, IR
EAOE VMR S FEEOHENEE & 72 5705, R, BE RS0, L8
HRICBTOIEAWMRIDOIEHOH L SR END, HAKBIE RN B I tb
NRWEE D7 2 10779,

2T, ABFZETIE, BTHIEA (2008) *E X U Maeda et al. (2008) 1z L - T
BONIMERRICEDSNT, HEER— 7 LX)~ 0 Ml (Fig.
7.1) 2B efmotE, SimtE CEE), MEMGER X OBUKZEE I
MZT, MR IRBRICESSBKEE D N FERMEEZEZER LTV AT
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AR ==y 7E2ERL, RHEOT L FAT A4 AP —=FRTEZ A |
BT B O X 90T, AR SRR, B0 O S & oRGE I FT
MiTcExHDT, JVRATA RN —Rwo 7 2BI25BICbIEFICHE
NRRBRFTIED - ThiHLEEZLND.

ZIT, BUKREEWMT Y L%, TR OoMEFHSEO—D2THY,
HiVEE IRF AR 36 2 OVEE SR REAR oD Ak (L — BAOK SR IC K o TR S L7 BUK A B H TR A
THHT R DL THD NN R m gy Dk LY (B
FERM T N B X OHEAE M~ ) D3 - oBUKEE R4~ (2
YT 5. BlziE, BRICEBT2BKREEFHT Y ITE, FHhIBERIRRE
FONHFHBTRY, B EREEFREAL IR FREMT Y, BERTEL
L OREMH T R, MRJIIREEILNB X ORFHAT R0, Koy EIAE RS~
DR LN 5 I F i KRR TIE, MEEBORKE TV RAT AR
S EI2T 5.

7.2 e RUYUthfiz, MBS L VERKEE

A O HIT R0 I, HUE B L OBEUKERE IOV T, BTEIE2 (2008)*YEs
& T Maeda et al. (2008)*Iz ST, kT 5.

7.2.1 HIARUY MR

BRI R O i 1%, #5E = R Bkt ds L O BRI, BTEE S A
FREE &, 5 DU SR TR B - K L S LR AR IR TR I LT 6 B A,
ZF O EMNEFLLIIOEE 581 m TH Y, FI0URFFA LR EHEED B
KO EH R ESEEY oA Xt EnE s L OMEHTH 5 (Figs. 7.1
and 7.3).

9 ML E AT CHERR S h, EEER PR B L O LR Ryl B
WK DOH T N ZZ N ENHERBT XD BT LX) b
W#9 2 (Fig. 7.1). HMEERM TV X, 2EK 410 m B X OBEHEAOER
350 m DA Z Fi D, BEHKR O R A ES 23K 10~20°TH % (Fig. 7.1 8 L U Table
7.1). ZoOHT N0 IR, MREHEHE Do ks, Tona=y Mk
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LEGEND
Holocene-Pleistocene
Alluvial river deposits D Gravel, sand, silt, and clay
Landslide deposits B2 Rubble, sand, silt, and clay
Talus deposits - Rubble, sand, silt, and clay
Lower fluvial terrace deposits D Gravel, sand, silt, and clay
Higher fluvial terrace deposits C] Gravel, sand, silt, and clay
Teshikaga Volcano Somma Lava - Basaltic and andesitic lavas and tuff breccia

Shikerepempetsu Formati |:| Congl ate, sand | and dacitic volcaniclastic rocks
Dikes
Rhyolite
Andesite
Basalt
Upper Pliocene Series
Shikerepeyama Lava |:| Dacitic lavas
Upper Miocene Series
Shikerepe Formation l:| Andesitic and dacitic volcaniclastic rocks, sand and
Hanakushibe Formation - Mud and andesite volcaniclastic rocks
Oteshikaushinai Formation - Conglomerate and andesitic to dacitic volcaniclastic rocks

>~ strike and dip
\5\ Anticlinal axis
& Synclinal axis

N\ Faults

OHS Ohekisawa Slide
SHS Shikerebenbetsugawa Slide

Fig. 7.3 Geological map of the Ohekisawa-Shikerebenbetsugawa landslide
area (Compiled from Maeda et al., 2008**).

BEBR-HTLARURYIMTRY B OMER (FTHEA,, 2008 % #HE)
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Table 7.1 Analysis of ancient Ohekisawa Slide and Shikerebenbetsugawa
Slide.
BHEBRMIARNYBLIUSTLARAUAYIMTRY O

Items Ohekisawa Slide (OHS) Shikerebenbetsugawa Slide (SHS)
Total length, m 410 595
Width, m 350 175 (foot) -450 (main body)
Angle of slope 10-20° 10-25°

Bedrock geology Shikerepe Formation Hanakushibe Formation

Coarse tuff and tuffaceous medium sandstone Fine tuff, mudstone, and lapilli tuff

Classification of landslide

- based on bedrock geology Hydrothermal alteration zone landslide Hydrothermal alteration zone landslide

- based on landslide body Weathered and hydrothermally altered rockslide Weathered and hydrothermally altered rockslide
Geological structures Dip slope Dip slope and cap rock of lava

Hydrothermal alteration zone Smectite and smectite-bearing mordenite zones Smectite and smectite—bearing laumontite zones

72% (Fig. 7.1). ¥ 7 L _XUXYJIHT XY X, 2R 595 m, BENVAEE~
EONER) 450 m, ZOMEBOEF 175 m OB AR S, BEHAO R AB K
10~25°C&H % (Fig. 7.1 B X X Table 7.1). Z o3+ Xy HEt, ks Al
g ®o k<, o=y bnbA2% (Fig. 7.1). ZhIFILER (1993) 7
DB FJE No. 7 DT XY MIBITH YT 5. £72, 20, &K, BEREDOT
— & b LT (1996) 82 bt > TV 5.

PREIRM 0 DAL, U7 U AEHURLEEIK A B K OVREIKE PRI 5 0 B
720 (Table 7.1), BUKEEEHB L ORYLIEHZZ T TWb. 22T, RE
HIT O 12 AR B R 0 i 8D L R, SR REOMIT N0 i, EEE
MELTEREBEEMN 221 TR, BILHIEHOHZZZ T TV D551, B
B E IS &, Bpad <y S npmansn, BOKEEEM %
S g AIE, Bk - BOKEEE (BOKEEERB L OEERZEH L T
A TR0 NSRS Fhwx, EEERIMT N OBEIKIE,
FICEAERO R - BOKEEESLSETORBNLRY, miko ko2, MkE
R HIE 2R3 DT, KESpEA - BOKEEENO R EEZEZLND. LR
ST, ZOHT YT, BEEBEMEICESS L, Bk - BUKZEEE <
DI TE% (Table7.1). —F, V7L _XUXYJIHFT XY OHEE L, ~T
7 U RJFRLEE K S, TR B K OVK LRI E 026 72 % (Table 7.1) . Riiik o> X
N, ZOHTRD G, RAEHMBIHEZ RS O T, BEIEERYEICHE S
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Table 7.2 List of aerial photographs.

EHEEN—K

Reference Photography Area Scale Photography Photography Latitude and longitude

No. fiscal year course No.

CHO-77-34 1977 Akanko 1/15,000 C9B 8 43°27'54'N, 144°17'36'E
CHO-77-34 1977 Akanko 1/15,000 C9B 9 43°27'53'N, 144°18'43'E
CHO-77-34 1977 Akanko 1/15,000 C9B 10 43°27'51'N, 144°19'55'E
CHO-77-34 1977 Akanko 1/15,000 C9B 11 43°27'49'N, 144°21' 5'E
CHO-77-34 1977 Akanko 1/15,000 C9B 12 43°27'49'N, 144°22'25'E
CHO-77-34 1977 Akanko 1/15,000 c10 20 43°26'42'N, 144°17'19'E
CHO-77-34 1977 Akanko 1/15,000 c10 21 43°26'40'N, 144°18'26'E
CHO-77-34 1977 Akanko 1/15,000 c10 22 43°26'39'N, 144°19'28'E
CHO-77-34 1977 Akanko 1/15,000 c10 23 43°26'38'N, 144°20'26'E
CHO-77-34 1977 Akanko 1/15,000 c10 24 43°26'36'N, 144°21'21'E
CHO-77-34 1977 Akanko 1/15,000 c10 25 43°26'34'N, 144°22'33'E

&, B - BUKEE ST XD IZHETE 5 (Table 7.1).

mk, MO HIZIL, WERELHMTXOBEAREL 155 T 1 2ZhER
(L i (5 —22h52)%) ; Table 7.2) HFHIC &k - TRE L%, HiF
BEAB /2o THER L., T XL, Wiy, ZnboEhEERY
RRICIZER R EO@mARANBE LT DKM TH o720, 3T XY o sEIL, 2=
FEEHFEE 5 T 1 HIERMFIC L - T, B (1970)%, 3 (1971)°%, i,
W (1975) %93 L ONE (1992)8Nc S W TH Z o 7.

7.2.2 i &

KU O OMEIZHONWTIE, (5 2 E ARAEHBEOMES K VEKE
B CRBLEEBYTHD. 22 TlE, Ak HE R EIZOWTREBT 5.
B, AMIKOMEIX, FICCHMHAE, EHEBEHHERIOCHEREICEL ST
B L7z,

AT AT A E, NTFT I UREBIXORV T LB oERIT,
HIEALVE TR D A7 > 1 0 > A IR~ A6 35501 T ds & b BGE oo 88 51 )1 45 B3k
TIX NW-SE J51n), Hidsh 7635 o0 #6385 755 )1 Hr itk © 1k ENE-WSW 5 1), HiUsk g
H~MEE O > LR XY I~ Eifidg Tk NNE-SSW~NE-SW J5 A &
ENE-WSW JimZz rd. ZhbOMEMERITHES, —MKIZ30°UTTHD.
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il E 1, kA E S oA T v h v A R~ TEE EL T g Tk
NW-SE J5 1] O #4 il #ih & £F > 15 R 3%, Hk 75550 oo A 35 7550 )1 9 i 38k < i
ENE-WSW J5 [ D dh il 2 £f D [y A &, HUEFHE D o 77 L o~ 1 i
I TlE NNW-SSE J5m O 8 dh il 2 £ D35 RiAE S, HUREFH O > 7 LX)l
Hr s C it ENE-WSW J5 ] O #4 dii #if 2 £ D R #E dh, HUEEvEF O v 7 L
A I i T lix NNE-SSW~ENE-WSW J5 1] 0 #% il #ith 2 £ -2 8 PR 42 il 23 5% 22
LTwW% (Fig.7.3).

T U@, R ARG T, & mE R 2 NNW-SSE~NW-SE, 10°NE T,
Al R 2 R T

WriEid, =i NE-SW 25 L OVNNE-SSW & &, b &Y% NW-SE R B3
ELTW5 (Fig. 7.3).

7.2.3 BKZEHE
AHIBOBOKEBZEOBEICOWTIE, [ 2 E BIEXMRMBOMES & U
KEE) THRELEZEBYVTHD. 22Tk, AHMBOBKEB#HICHOWTE
w5, ok, AR OBUKEEHIX, EICHEEER X O XRD BRIk - T
Bt L7z, XRD BRI K o CTHE I N BOREEIEM T A5, 43—/ CT,
WV EA, TARAL s (BHEA), A48 A48/ AA2A7 %24 MNEATEL
Yy, 7a—J4 K8 (&¥efa), AATZHZA N, AT 4014~ (R¥AE), 7V
JEAAmTA4 N (R7Fanrhna), TEATFAN (FEATUWAH), Ba—7T
YHEA N HEEhA), TV A (Ea), 7oA~ (Fiha), v—
TZA N (BUA), I a s (Ha), v A4 s (R A), e
TNFA N —=FPANA), FABLONRAL T4~ (L) Th 5 (Fig. 7.4).
BOKEBHEOIMMEEE L O EKRBOKREE RS MK EZEn £ Fig. 74
X OV Fig. 7.5 12”7

TVFA b — R, EICHUE g o B EHAL LA I A B L (Fig. 7.5),
LT NVFA "NeEEL, ThaT AN, A, HARRE, 1474 F
72 W (Fig. 7.4), L THD.

TuvrIA MEIE, FiCHiEdEE RO r — 2 A4 PHEBIORARA T XA b
R, MUK O A T4 MMyPicERICHMm L (Fig. 7.5), A%, 7N
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A"er:m K-feldspar | lllite lit/Sme | Smectite |Laumontite -@@-
Mineral zone zone zone zone zone zone zone
Quartz |———mF——F—————————— e mmmemmeed e
Opal-CT | | | e e s e
K-feldspar
LYY Y I e e e T
Wite | | e ——————— et mmee e
It/ Sme
Chlorite | = = el eed e emeam
Smectite | | | |  jm—— —t— | e
Stilbite
Clinoptilolite
Mordenite
Heulandite
Chabazite
Analcite
Laumontite
Caleite | = —- |  pemmmmmmeme———— L mee— e
Alunite
Natroalunite
Minamiite
Pyrite

Major occurrence  ------—---- Minor occurrence

Alu-Qtz zone=Alunite-quartz zone, Iit/Sme zone=Interstratified illite/smectite mineral zone, Iit/Sme=Interstratified illite/smectite minerals.

Fig. 7.4 Mineral assemblages of hydrothermal alteration zobes (Maeda et al.,
2008%Y).
BKEEHOMHMMBAE (FTEIEA, 2008")

A B/ —F 14 EaFELEL, 414K, DALY AL N, NATA M ERE
9 (Fig. 7.4).

BV EAFX, AREDIVEREZEEL, TAAAL N, 474, 474 F
JSAA T ZA NREEEIEY, 7a—TF4 8, A T4 MR (Fig. 7.4),
Wi, B ThD. ZoOEEWIEL, A4 NEEREFATA N AR T HA
NMEAGELEYE IR SN DD, DN TR TH D720, HEBUKE
B AKIZFL L TV,

A4 T4 FEE, FICHIEEE RO — XA b, TH AV A PEBIO
ENLNT T A PR T e T4 M EEEL T, NE-SW FHIZfE L THAi L (Fig.
75), Al A T4 " EELEL, TANRAL K, Z2u—F3A4 K, £F4 /AR
7 44 NMEBBEIEY, I A b, SA4T74 ekl &ES (Fig. 7.4).

A T4 N/ AR ZAL NBRARBIEDWIL, HIKEESO A 74 FE I
NE-SW JFiZfiiz L CHe/MZaAi L, £z, koo —e 2 24 MEE
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Lol (Fig.7.5), AkE A T4 b/ ARXATZ A MR
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Shikerebenbetsugawa landslide area (Compiled from Maeda et al.,

2008*Y).
EER-VILRUARYIBTRYMBEOMRAKEEEH HE

Fig. 7.5 Distribution of hydrothermal alteration zones in the Ohekisawa-
2008 MR &)
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e EEE L, TANL N, 4748, Z78B—F4 L, ANV A FBIY
INATA NDIED, ZAATZA MefEH2 8 bH5 (Fig. 7.4).

AR HZA M, FICHIRALEE L M EHIC oA L (Fig. 7.5), AA T X
A hEEELL, AESA/N—NVCT, "4 T4 " E%FES (Fig. 7.4).

n—F XA T, FICHIEEEESICIAL oA L (Fig. 7.5), m—F o %A
Mt L, Ak, TAXAL4 LN, 70— L, AN ALFBLERNALTA B
DIED, FNITATA FRARA T XA &S (Fig. 7.4).

T YA NEE, HPEE O n—F v Z A b TIC EH R < 43 A L (Fig.
75), THAt A hEFEEL, A%, /e —TA4 FBIOBSAL T4 FDOIED,
FNIZATA MEfES (Fig. 7.4).

ta—T7 414 ML, FlIZue—Fr ¥ A MEROA AT Z A4 M HIZ/NEAE
AT 4 WA M ERTEL (Fig. 7.5), Ea2a—J %A FRF ¥ XY 714 K
rEELEL, A%, /o —JA4 L, AL FBLUSNAL T A DT, FHIZ
AAT7BA NafES (Fig. 7.4).

ENAT T A M, RIS AR <, 70, MU ENIC R TR IS 5 Am
L (Fig. 7.5), EATFA 27V /74 4aT4 heEL L, ARSA/N—L
CT, AAZHZA N, XA T4 2% H5 (Fig.7.4).

707 F A48T A ML, EICHBEENIC KRR oM L (Fig. 7.5), 7
Vo2 4m74 heEE L, ARESE/N—ILCT, AAIT XA, XA4FA K
ExfEo5 (Fig. 7.4).

AT A IVNA NHE, MBI 2 — T XA b EiREL (Fig. 7.5), A
TANNSNA NEEE L, ARERST/N—)LCT, AATZA N, XA T4 FDIED,
EFnicrzve—74 &S (Fig. 7.4).

A M Tk, A ERIRE SCBUKIATR pH O F 7 D8k 2 e BUK R EH NEMEIC A Y
ZL->THfiT 25 (Fig. 7.5). ZH OBOKEGEH KT 2 BOKEE 5L,
TNhAFA N —ARESCH ) BEATOHEMAEZRS &, Ky, ATHD.

7.3 SUFRRSA FRNY—FTvEYS

HEREIR — A LRI R o S micBIiF a3y 0FER%
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Hierarchy level 1

Hierarchy level 2 Hierarchy level 3

Landslide
hazard
evaluation

Convex ridge-type landslide topography

Topography

Convex plateau-type landslide topography

Fig. 7.6 Hierarchy-structure of AHP for landslide hazard evaluation.

Concave monohill-type landslide topography

Concave polyhill-type landslide topography

Concave easy slope-type landslide topography

Ridge-type topography

Valley-type topography

Landslide deposits consisting mainly of fresh rock

Slope geology

Landslide d its consisting mainly of altered rock

Landslide d it isting mainly of debris

Landslide d its consisting mainly of earth

Talus deposits

Unconsolidated sediments
with the exception of landslide and talus deposits

Soft rocks

Hard rocks

) Dip slope structure
Geological

structure

Reverse-dip slope structure

Strike slope structure or structures
with the exception of dip and reverse-dip slope structures

Alunite-quartz zone

Propylitic zone

lllite zone

Interstratified illite/smectite mineral zone

Smectite zone

Laumontite zone

Analcite zone

Heulandite zone

Mordenite zone

Clinoptilolite zone

Stilbite zone
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DL, ZVRRATA RAYP =R B 7l X0 ORRITHE
ks L MU IR O 90605, ZoRREHIE, HEL, HEKNEROD S
L, MmE CG5E), MERERE LOEKEER L THD. MHEIckiT 57 v
RAZ A REMREIX, ZHodOFRKHEHENS AHP (Analytic Hierarchy Process :
BT AL R E 0 HT) RIS K DR BRI Lo TRMIIL, I~V ICHEI L
P—= I 7IESNT, UV RRATA A =R~y 7Z2{ER L7, AHP I&
L%, Saaty (1980)*z k> TR Sh-BRREED —H>TH Y, FMHHEE O
BEEE T A M S HEICHESWTIRET 28T HiETHS.

KWZEZ BT DT FAT A FEBREFAN O 720 0 AHP 1512 X 2 P E i %
Fig. 7.6 IZ"¥ . ZOREHKELG, 7, RERHEEMOEBEEY = 1 b, KRIZ,
ZOTMOFEREOEEEY = M2HEHL, FERICBTLT7 L FATA
RERE A SR Lz, REFE T, FMEEEOBEEE Y =4 N HHT 55
O—xt B OFEHERFE L, 1: FUCRRE, 3: OCEHE, 5: HE, 7: FEFHICE
25, 9 fixHiCEEE L (2,4,6, 8 ZMEMICHA), HEENMENEEIZZED
Wil L7z (Table7.3). £/, EHEE Y = A FORHIX, KM FEHEEZHWT
BIlhol. vk, —*EEOESMER, BAE (227 v —HEE:C.l)
ZMHWTEMi L, CI. < 0.10~0.15 O&MEm-T L&, BEENRDHL LN
5%z z, ABFETIE, Cl < 010 D&MEEH-+ & &, Xl
BEHTH D LW LT,

Table 7.3 Intensity of importance and its definition for pairwise comparisons in
the AHP.
AHP RIZE 1T 5 —HBOEEUDEERELZTDOESR

Intensity of importance Definition

Equal importance

1

3 Moderate importance

5 Strong importance

7 Very strong importance

9 Absolute importance

2,4,6,8 For compromises between the above
Reciprocals of above In comparing elements X and Y

- if X is 3 compared to Y
- then Y is 1/3 compared to X
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b
\,
o

Landslide hazard evaluation A B c - Weight

A | Topography 1 1 2 3 0.355

B [ Slope geology 1 1 2 3 0.355
Geological structure 1/2 | 1/2 1 1 0.160

- Hydrothermal alteration zone 1/3 | 1/3 1 1 0.130
Cl.=0.007 < 0.1

Fig. 7.7 Pairwise comparisons of factors for landslide hazard evaluation in the
hierarchy level 2.
FRER (s, ME®E HREBESIUVRKEET) BO— LR

7.3.1 Z=HEIEB (BELANIL2) B0O—% K

B L ~L 2 ICBIFARKNER (ME, FE#E, HWEMEELS X ORKEE
) RO —%f i O R R % Fig. 7.7 ([287.
i~y Hx, i, HALBOMBREEEED, T #E L IFEh
DEFR IR 2 TR LT % D809 e g i, U IS B E O S
EHLOBFTERELTEREY PPN c s oMiER LB OHEN T v R X
A NIGREZFIMT 59 A CEEL RS, Thwx, —xh#ETiE, [HE)
FOIAEME ] CRRREOEEMASH LS ELTL1E, A6 2O00EA L Ml
BRG] CHARATRRBREELIIOCREETHL E LT 2%, TBUKEER] L
RCORHEETHDHE LTI L., T/, THEME & TBUKREER i
FIFRREOEBEMENHHE LT L &L, TORR, ZREAMOEEEY =
M, THIE ] B X O TRmE ) < 0.355, THIEHEE ) <€ 0.160 &, EUKEHR
H#1 TO0.130 &7 o7, ok, AL 0.007 ThHY, #FKIEHEMO—xt
DIERITEAEHNTHDL LW TE 5.

7.3.2 REHEB (K [CEHAITLIFER (BEL AL 3) MO—xtHE
g~ OMIZAERIC T, RERE, HRei, MReti (B,
MR e (2 E) BLXOMIKRERER GRE) -y <y PR H

% AN (Fig. 7.8), iz, ThOLOHT N0 BEIAIL, EITHEES,

BUKZE A, B, B b - BOKEE S, AEB LW oWn-Fhninn bk
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Fig. 7.8 Time-series classification of landslide topography (Watari, 199285)). A:
Convex ridge-type landslide topography, B: Convex plateau-type
landslide topography, C: Concave monohill-type landslide topography,
D: Concave polyhill-type landslide topography E: Concave easy
slope-type landslide topography
BRIMCHE LTS Y B ORE (B, 1992°° A: MREEBLT <Y
2, B: MIREMBMT XYM, C: MRKREME (BE) Iy ~YH, D: MK

B (ZH) thy XY, D: MREMEE CGRE) iy Yi)

AN
A

&

Ens Y. MRBBEMHT Y HIE (Fig. 7.8A) 9913 HEAK & 7T
ROWLESLCEBRLESLTERBRE 2600 Lic /NEREBICH T X0 BB ETDHHO
T, B OB N ERIREZEZELTWD., F—RI7 T v 7IXIZORBFED
W EICRAET L%, AEPEIT 30~ 40 REOSRmE £ 5. H
TR HEITIIESRE L CTRAE, MY EEIC L o THIFE S, MR
THHDIK LT, ZTOXIRHMEBEZRIROVOIEX, HT XD BEIED KN
S 7 3BKEE AN OB SN =D THD. MIRA BT~ P
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(Fig. 7.8B) %% 3 —R BEHMFEOXSICRAZDZ L bbb LN, HMFEMET
CERMBEZEDRNLONEL, TR0 OLLIXTEO AR & A HERIC
HKAETH., ZORMEEEAR L TV D3 BE{K O R 13 EALAEH 2
IKEENEH R 2 R E IS T - BUKE - A, BUbA, BEIL - BOKEE A &
DORER S AL, A FEIC T ESEMEREY O i AR W RHE B EE T D560,
WINREBICE S TREZET 254 LH 5. WREHAH T~V #E (Fig.
7.8C,D) &, &b MR XY HMIE ThH > T, FZOHIEN S T EE
OIEEEAT TIZNER 2 2 L, BB S I ) Ciddfiic ik 2z &4
% 9. - OB, BEEREA R ORI L > THEME Z BRSNS,
MR A HR (B ) Hi$ v # (Fig. 7.8C) %913 BEED Fic—>on+h
HRBERE 2SO b DT, M3 ~NY & LTI e R 2 o, 8% 2
O FIIE MM, 3, BHAR L 2EHSZ LN, & HE o mHElE A 2
FEIFIRHIBIC > TWVWD 2 ERZW. F, R EROHT Y &0k
STWAHZELH 5. MTRVBEEOKESITEE, B - BUKEEER
BENOMEIND 2 ERZ . MREHAE (ZR) I3 <0 #iE (Fig.
7.8D) 8903 GHEINZ D% OMT RV EHICL > THRELTRENICELL D
INEEETHOT, MTROBEIZEESE LT E R, ZRENO/NEH
FEIFNEEFLELT, FRFh—o0fiT Ry FEERT L. L
N T, WRIEOHRR LS, BENICHLEHEO/NRNTE, ZABKHT D
2=y FOBERZZRTZENZ V. FIROE RN I 5T LT, HEE)
LEMET, HRICOBEE S E . M0 BEMAD KIS ITE B L2 6 1
RENDZENE V. NRERER GRE) H9 <Y #iE (Fig. 7.8E) %99
1%, BEEOGHRENRZOZOMT NV EHLREICL > TIFEA L KDR,
7, HEEANSOICHEDRE, &KL LT RARBRE &2, WO R
LY IRENTZEHOTEDIZH ER KON TWDE Z ENEW. ZEEDE W
W, LPEOBEWICOLEEIND Z ENE L, Wrkiny £ 72 3k I ES) 2 4 0
BT NN, 5%, EINOMITROBEETLIONEMEND T
THZENEEL. M N0 BEAO RIS EW A OHEREND 2 ERE 0,
Mg G LT HT RV Ik s TR ShE#ETH 50T, FHIHEHRH
TRDFINSOEEOMBOB TR Z Y, HHROMT NV FIEHT =0 HIE
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Topography A B c D E F G Weight
A | Convex ridge-type 1 [ 12|14 15|15 2 | 5 | 0063
landslide topography :

Convex plateau-type

B landslide topography 2 L 173 | 174 | 1/4 8 6 0.093
Concave monohill-type

t landslide topography 4 8 L 12 | 1/3 5 8 0.181
Concave polyhill-type

. landslide topography 5 4 2 1 1 6 8 0.285
Concave easy slope-type

E landslide topography 5 4 3 1 1 7 9 0314

F | Ridge-type topography 1/2 | 1/3 | 1/5 | 1/6 | 1/7 1 5 0.044

G | Valley-type topography 1/5 | 1/6 | 1/8 | 1/8 | 1/9 | 1/5 1 0.019

Cl.=0.067 < 0.1

Fig. 7.9 Pairwise comparisons of topography in the hierarchy level 3.
FHEEH (M) CEHITLIEZRRO— R LLE

DEFTHRATSD . 115 FlOBEBERICLEI W ETICL > THRAE Lz xY
EPHEAEE & OBMRIE, BARTUA 48.7% (56 fHAT), HAIAY 16.5% (19 &),
BATIN 13.9% (16 A7), BTN 11.3% (13 Fir), RAN 7.8% (9 &),
AHB L% Q@& Tho . b0 FHAMHEED I B, BRME LW
AR (R HE RO R g EICERL, BEL L 3 IR HE
KIEE (i) BT 2 ERMO -tk a 272 >72 (Fig. 7.9). T Ok
R, HFHERNBOREREE Y = MIEWIEE, THRRERmA RE) Hd <D H
) T 0.314, IMRRAHA (£ ) Hi3 <H#ifZ) < 0.285, [MPEREHA (B L)
M= HIZ] T 0181, [REHBIHS <D M) T 0.093, [MeRER H
TR HZ) T0.063, [EREME | T0.044 5LV TRAIMIE ] T 0.019 &7
Sfc. ¥, BEAEEIL0.067 TH Y, KRKEHAMO O FITELSH T
oYM TED.

7.3.3 ZEHEEBR (FEHE) CHAITLIFER (BB LA 3) BMO—XHE

AU oD R T VBT 1T, T 2 A RS D I B I HERE Y s K OV R HE R &
Br< &, Tk, e, e, BEARHE, REEMERD B X O
g~ HEFEWIZ Ky s b (Fig. 7.3).
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Slope geology A B c D E F G H Weight
Landslide deposits consisting

A mainly of fresh rock 1 1/2 | 1/3 | 1/3 2 3 4 7 0.116
Landslide deposits consisting

B mainly of altered rock 2 1 1/2 | 1/2 3 4 5 8 0.174
Landslide deposits consisting

C | “mainly of debris 3 2 1 1 4 5 6 9 0.263
Landslide deposits consisting

D mainly of earth 3 2 1 1 4 5 6 9 0.263

E | Talus deposits 1/2 | 1/3 | 1/4 | 1/4 1 2 3 6 0.078

Unconsolidated sediments

F with the exception of 1/3 | 1/4 | 1/5 | 1/5 | 1/2 1 2 5 0.052
landslide and talus deposits

G | Soft rocks 1/4 | 1/5 | 1/6 | 1/6 | 1/3 | 1/2 1 4 0.037

H | Hard rocks 1/7 | 1/8 | 1/9 | 1/9 | 1/6 | 1/5 | 1/4 1 0.017

Cl.=0.046 < 0.1

Fig. 7.10 Pairwise comparisons of slope geology in the hierarchy level 3.
FEEE (HEME) ICETL2EZRAMO—xTLHE

RIE AR X, BE, B LA S e D ERE U s K OVR B HERE )
MO L REMHAE SR G2, BRI (e IO E) X, S
HIEIEI, ks, HEEBLOEREOHEE TN LOEBEENLRD.
A OB TR0 HERE Y, EHEHEREY), RRMMEREY, B MR, kil
g ie Enbied. Tz, T XD BEIEOYEMRIL, B, 2k
EEE, BMbe, Bk - BOKEES, 5, B IU0xRLotE 2Ky Sh
5%, 2T, BBIREAE 2mm L EOK T 20~80%% 5 @ B MK D%+
B, TEMIE 2 mm LU R ORF-AS 80%LL L& 5 Ak DL WEE TH D .
bz int, RIEHEIZBIT ST RAT A NERE OGS B X, #Hrif
H, BEE (BOKEES, BEis, B BOKEEE), AL tws L
THRHMEOM T Y HEFEY), EHEHEREY, TSN O RBERSHERY, AR X
Ol &L, MEL -~ 3 1B 2R KNEA (REE) 13 54 EKKO
—xI A Z o7z (Fig.7.10). ZORER, FERMOEEE Y =4 MG
WIEWZ, THa2F e T oMTXOHERY ) BIO EHEELEET M3 D H
W) T 0263, [EE A ELTHHT XYHERY] T 0174, THEEE%2 £ &
TOHG Y HEREY ) T 0.116, TESEHER] T 0.078, [Hi~0 HERM B &

102



BKEBEEDRBFEESHRICE I —MEMRESOHTE

ONEHEHERSE W) 2 B < SREREHERE Y ) T 0.052, T8 T 0.037 &, [f# | T 0.017
Elpotz. 7eB, BAEEIX0.046 TH Y, FHRNTEH MO — KL O R ITES
BWThHdLHWTES.

7.3.4 FEEEBE (ME#EE) ICHATLIEFER (BEBLAIL3) MO—x &K

Mg~y L EREE (FAR), Wi, il & OHUBEME & I3 E B BERN
HobEEbRLTNG 8990

BRI (1970)%NC L % &, i #E ORI TR0 oS SIFIE B
T 5, ARG OB AICHIT Y OFAERKEWE SRS, FFIED (1986)°7
2k D&, 15 BlOERBERICE O YU LTIk - TIHAE LZHT D L
EOBBRIZOWTHAE LR, 30 0 565%NiLEi#eE (65 &),
20.9%75 B (24 {5 7T), 11.3%725 5 T kA (13 5 AT), 10.4% 238k (12 & 7T,
0.9%23 /K (1 f&FT) THY, RPAEER LK 70% N MIEREE Th - 7= & #
HEENTWS. £7-, BEE (1995 2% L UWEM (2004) 9 X 2 HiB B O H =
FREH AT OMEHERS, bbb, I X0 BEBKROIEE GH & EEDE
B e OBRRICOWTRE LICHEREZ A D &, T _D D 43.2~79.7%03 i AL
W, 4.6~28.6% 3RS (GEm TR, 9.2~49.4%°3% (M, £ Ofti)
2.4~91%Tdh - 7-. it TlE, Maedaetal. (2008) %% X O A IE A (2009) 10V
2 X - T, BEALEER RO 104 ET TR Z oo iR D & B E #E R~
W S RBER R EERRE S R EoEHE & OBKRICOVWTHREI SN, £
FES, K 4B EAVEERE IS, 0 30% S BUERMEIE GEMIJTIM), 9 25%728 %% 54k
EHECholbahd.

ZIT, U URURXYJNMT R L, BEMKRO T T g B AR RO
D LA W% R AR D B O 2 LS B B R KL S i RS D ¥ v
Ta sy 7EEICLRE SN TS (Fig. 7.3).

bz Enh, MEHMEICRBITD T AT A FEREOFMEB X, 7
MRS, =M &, MRS £ IV R X OB E DA (2 2
TiE, ¥rvv ey sl OMEHBEL L, BEL~L 3 ki3 HEKNEA
(MEHE) ST 2K ERM O~k s 272 o7 (Fig. 7.11) . £ O#5R,
FHERNMOBEEED = A MIEWIEI, TEAEMES) ©0.752, [HlEfEEE~
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Geological structure A B c Weight
A | Dip slope structure 1 9 5 0.752
B | Reverse-dip slope structure 1/9 1 1/3 0.070

Strike slope structure or

geological structures with
¢ the exception of dip and 1/5 8 L 0.178
reverse—-dip slope structures
Cl.=0.015<0.1

Fig. 7.11 Pairwise comparisons of geological structure in the hierarchy level 3.
FHERER (MEHBE) CHTLI2FEZRMO—XHEK

Il LU= T BREIEUSO-ERE] T 0178 B LW 21 BfEE) <
0.070 & 7o 7. 72k, BAEIL0.015 TH Y, #FKEH M O —xf ik O 5 R
TEENTHL LW TE S,

7.3.5 HRAIEH (BKZEEF) ICHITLIEFER (BB LA 3) BO—x &
B E RBERIARICED(BRKEEED HERME] TlT, BOKEEE
O R IR A RIL, BUKEE RSB D TR0 fE R R A BUKEE ¥
ATICHESNWTEBIRZADARERHDL ZLEXFTHOHMBEETHDL LR L.
LT, HEER - LRI XD Ml O MR s BB L 72 BUKE
'BE 2,901l (5 R B T 1,615 {Hds X OV EIRAE T 1,286 H) O ARE
R R SRR A I 2wy, BBEUKEE IR T D AR S A R A2
L7=fE®R (Fig. 7.12) % AHP {EIC X 2 & FIKW O —%f LB I SO X 1 7=
HEER — 7 LR AR I HET 0 M2 36 17 5 BOK R E S O R E T iR S I8
DEONMEIX, Fig. 5.15 1278 S35 A8 S P B OFEHE L B &,
ARAIHEA N, TIAHA MEBEIR e 2—F X4 MEZERW TRIFHEL
O A RS, T, AAZ ZA METIE, o 72300 KER 3 A3 A H i e
WMEIFEE SN SRE LR THDL L, THAY A FPHRBLOE 2 —
FZUHEA MHETIE, LHABOAROT =2 THLHZENFERTOHLEEZEILLNS.
BEOKEBERH IR 2BKEE S D Rl R S WA RIL, 174 N RARXAT X
A MEBTEIH D 983.6% Tk b K&, IRWT, AAZ Z A hadt 8l.0%TH
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by
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‘‘‘‘‘

lllite zone rocks

IIt/Sme zone rocks | Teo

Smectite zone rocks e

Laumontite zone rocks i o

I ' ' \\ ]
Mordenite zone rocks : : : o »

Clinoptilolite zone rocks R «o
a T

0 20 40 60 80 100

Point load strength decrease ratio : 0,, % ( --»-- Average in Fig. 5.15)

It/ Sme zone : Interstratified illite/smectite mineral zone
Fig. 7.12 Average point load strength decrease ratio of hydrothermal alteration
zone rocks in the Ohekisawa-Shikerebenbetsugawa landslide area.
HBR-VTLARAURYIMTRYHIBICH T2 HKEEED REFR I HDE

% (Fig. 7.12). — 77, R#EMBRI WD RIT, 7T ¥ A M T 24.7%,
TIVFA P —HIEHTIH 15.2% L /& (Fig. 7.12) . F7-, sdifrsm S Ed R
2y 80~60%DHFIFHIZH DA T A by, m—F XA b, EATHA MEEB X
7Y 224074 Myb, REHmRI D ER 60~40%DHMIZH DL 7 1
TA b, BEa—T XA MEBLORAT 4 AL M E, TNENREDORE
BREZFFOBOKEHHE CTH L &M L (Fig. 7.12), B L ~L 31281 5 FNK
@a(ﬁm%gm>m%ﬁé%%l%@*ﬁm@%ﬁ:@ot(ngmy
ZTORER, FERMBOEEEY =4 MIGWIEIZ, T4 74 8 AXA 7 %A MNE
Bl E ] T 0227, TRAA 7 Z A ] T 0163, 474 i), Tm—F
A N, [BRALTFHA M) BEOY T2V /%4074 hy) T 0107, [
PETA M), [ka—F %4 ME] BEO TAT 0434 i) T 0.048,
(7 F %A M1 T0.025 &, [T F A4 F—f%H] T0013 L7xoT. Ik,
A 0037 THY, KFEREAHB O X O FITEANTH D LT
5.
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A | Alunite-quartz zone 1 1/5 | 1/7 | 1/9 | 1/8 | /7 | 1/3 | 1/5 | 1/7 | 1/T | 1/5 | 0.013
B | Propylitic zone 5 1 1/3 | 1/5 | 1/4 | 1/3 3 1 1/3 | 1/3 1 0.048
C [ llite zone 7 3 1 1/3 | 1/2 1 5 3 1 1 3 0.107
D In;?rrlitrr;ti;i::eillite/ smectite 9 5 3 1 2 3 7 5 3 3 5 0227
E | Smectite zone 8 4 2 1/2 1 2 6 4 2 2 4 0.163
F [ Laumontite zone 7 3 1 1/3 | 1/2 1 5 3 1 1 3 0.107
G [ Analcite zone 3 1/3 | 1/5 | 1/71 | 1/6 | 1/5 1 1/3 | 1/5 | 1/5 | 1/3 0.025
H | Heulandite zone 5 1 1/3 | 1/5 | 1/4 | 1/3 3 1 1/3 | 1/3 1 0.048
| | Mordenite zone 7 3 1 1/3 | 1/2 1 5 3 1 1 3 0.107
J | Clinoptilolite zone 7 3 1 1/3 | 1/2 1 5 3 1 1 3 0.107
K [ Stilbite zone 5 1 1/3 | 1/5 | 1/4 | 1/3 3 1 1/3 | 1/3 1 0.048

Cl.=0.036<0.1

Fig. 7.13 Pairwise comparisons of hydrothermal alteration zone in the hierarchy
level 3.
FREBR (BKEEF) CHISIBTERBO—x L&

7.3.6 JURRSANF—FIvEYT
AR (FRNEAMBLUOSERNE) OEEEY = bbb, FHEEICE
F27 2 FATA FEREOHRZRAUZ L > THRHLZ.

P::Y!¥!1x1oo (7.1)

3MAX

ZIT,PIETURATA REREDOHA, W IZ&RKEH (B L~/ 2)
WCBTL2HEBEET =4 &, W [ IHEKEE (BEL -~ 3) BT HEEY
=AM, Wouax ITEZERIEH (BEL <L 3) BT 2EEEY =4 FOKEHE
Thsd. TDRT, FFEREBICBT LK EROKESGRERFT 5 &L 100 A
bk EBERESNEREERICR > TS, ToREEHER, FlxE, Mk
EARTUH S~ M OGP IX, MBOEEEY = A b (W, = 0.355), HIkE
RIS R MO EEE Y =4 k(W3 =0.063) 3 L O PR A #ERE A (RY)
I NYOHPOREREEDY = A F (Wauax =0.314) 206 71 mEHHTE 5.
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Table 7.4

E

eSS

factors and distribution point.
ZURRSZA RN —F7ERAAV MR T LA

Landslide hazard assessment system based on landslide hazard

Landslide hazard factor Distribution
point
Topography
Concave easy slope-type landslide topography 35.5
Concave polyhill-type landslide topography 32.2
Concave monohill-type landslide topography 204
Convex plateau-type landslide topography 10.5
Convex ridge-type landslide topography 71
Ridge-type topography 5.0
Valley-type topography 2.2
Slope geology
Landslide deposits consisting mainly of earth 35.5
Landslide deposits consisting mainly of debris 35.5
Landslide deposits consisting mainly of altered rock 23.5
Landslide deposits consisting mainly of fresh rock 15.7
Talus deposits 10.5
Unconsolidated sediments with the exception of landslide and talus deposits 7.0
Soft rocks 50
Hard rocks 2.3
Geological structure
Dip slope structure 16.0
Strike slope structure or structures with the exception of dip and reverse-dip slope structures 3.8
Reverse-dip slope structure 1.5
Hydrothermal alteration zone
Interstratified illite/ smectite mineral zone 13.0
Smectite zone 9.3
lllite zone 6.1
Laumontite zone 6.1
Mordenite zone 6.1
Clinoptilolite zone 6.1
Propylitic zone 2.7
Heulandite zone 2.7
Stilbite zone 2.7
Analcite zone 1.4
Alunite-quartz zone 0.7

L ko X9

fIC, 70 RATA4 NERELZES/L LT (Table 7.4).

2, BEREOEREEY =4 M6, M0 OHIEH - Hi

& 2 RS

RERD.

NS T HIE
TR BE R —

)

v,

HH)HE

BT,

AKEA Z LA TL2EROR/REZEFHLIEbONRT Y FAT A FERES

i, TORFEGRENPRE TN, 72 FAT A MaBREITS <,

LRI I IZ X, o0 I SRR &
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b
\,
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Table 7.5 Slope evaluation based on total landslide hazard point.
SUFRRSA FERESRICE S CHEETM

Total landslide hazard point Hazard rank Slope type

10.0 or less Rank | Stable hard rock slope
10.1-20.0 Rank Il Stable soft rock slope
20.1-30.0 Unstable soft rock slope
30.1-39.0 Rank IV Potential landslide area

Rank V Ancient landslide area

NTWDLEN, 260 SO0 FTXYIZHONWT, Table 7.4 D7 RAT A R
P—FRT7EAA M ATAZBEAL, REdMizis o7, HEERMI N
VICBT AT FAT A NERERSAIZ, #E (WREMA 3 <D #E .
105 ), RlmE (BEEAY EE T T 0 HERY : 235 5), HEME (0
MRS 0 16.0 7)) BLOBKEEHR (ELT T A MF 61 RBIUOA AT X
A M 193 8) 75 561 ABIUE93 A ThoTn. V7 LX)
DIZBT DT RAT A FERESAIT, #E (MRE#MB S0 g .
105 50), RlmE (BEEEE LT HHT 0 HEREY : 23.5 /1), HEHEE (i
NEERETE 0 16.0 7)) BLOBKEER (R—FEr ¥4 MF 61 ABLORARAY
2 A oy 93 M) 25 561 MEBLUNE93 A THY, HERMITIDIZEITD
BELFEILCLTH-T-.

IS o0 T R ERSBHICBITS T RAT A RERERS SO KE
AU, HiE (BRTIHE 5.0 5, RmEHE (B4 5.0 R), HEME (in
AR 0 16.0 ) BROBUKEER (A4 N ARX T XA MEEIEIEMH:
13.0 /) 75 39.0 R ThHholz. Thwpx, RHFFETIE, 390 8L FELU2>DZ
YT, TR E ST, I~V ORI U7 ELTE
(Table 7.5). bbb, 707 NXLREMEBEME, 727 WXL ERSEBRR
i, 77 WIEARZEGEBERME, 727 WVITHHOM T R0 BENRR S
NAORLERKEBBEIORT 7 VIEHEESEBT ) RNBREIN D& NLE
eI T RO EINDS. ORI RBLXZFTHMLIEZT O RAT AR
NPF—=RFZ 712KV T, UV RATAL RAF—Fsy T E2ERLE
(Fig. 7.14) .
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e
P

d
LEGEND
B Ancient landslide area <" Boundary line of geology
W] Potential landslide area /" Boundary line of hydrothermal alteration zone
[ 1] unstable soft rock slope N\ Faults

- Stable soft rock slope
- Stable hard rock slope

Fig. 7.14 Landslide hazard map of the Ohekisawa-Shikerebenbetsugawa
landslide area in Teshikaga Town, eastern Hokkaido, Japan.
BRI BERFERNERR -7 LAUAYIIMIRNYMBOS Y FRAS54F
NYF—F3 v

7.4 SUFRRSARNY—FKT7EIXAV T

ARKHIZIZB T DTV RATA A —=RTH®RA XA FOREREZLTFICRT.
Zr7 N OFIEBRH T XD NBESRIN DR DAL ERHTHI I D #2 T,
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HEERM T XD BN T L R_XXYJI T R O H X0 N om3 5.

PRER M~ DRSS (7 VoYE) X, EMDS NNW-SSE, A3 7°E TH D,
MEREZ T, —F, V7L RXR_XYJIHT Ry ois (O 7 vxE)
O HEHEIE X, ENE-WSW J5 [ o # dhiilh 2 FF o m R 8 5 # L, RSB E)
{REEEE ~ MR ER Cid 10°SE, & O MR CITIFIEARFE~5°NW 2/~ L, &K &L LT
N EZ 79 (Fig. 7.3 B X0 Table7.1). £7=, giddo X Hiz, ZoHd X
@ﬁ,%%¢®A%&VNE%m%Eﬂ%®LMz@%%%%ﬁ#é@%@ﬁ
g FEAKILUARILE SR Iy vy 7oy Z7iEGEICL XS TWnd
(Fig. 7.3). BHEEJRMI& R0 HIK CiX, 30 BEHAET OIS ITIZA X7 ¥
A NEELEALT A MEDR, E~HHOEEITITA A7 2 A4 Fa iR
%ﬁ%@OT,ﬁfNSﬁWZ@ELTwé(Hg7® Tz, ZoHd
NRYIE, ThOOEEHOMEFMEIFTIEERTHHMIC, AXAT XA NeE
@@mﬁﬁ%%#« @kbf%%bkk%z%ﬂé(ﬁg?& —J5, v
LR A IR #ill Tid, M RO BERIEEOLSIZITA AT Z A |k
W, A~ ORKABIIZIAA T XA Vegien—F o X4 MHEREEKE L
T E L2 Y- T, ﬁNwEﬁm:@EL1w5@@7m Tz,
ZOMTRDG, INLOEEHOMES M EIFIFELZT DL, ARXTHZ
A NEGOEKEEAZT_RVELELTBEHLEZEEZLNS (Fig. 7.5). 2
oo ET <Y L, REMEICES L, BERKAET, o, &KL L
THMAVEME T, Lb MR LD A X7 2 4 &G BUKEEH T
HELTEBOKREERT RN TED. LEN-T, ZoMikics i) 54
R OFEIEHEBREEIX, A A7 XA MO LY & & e BOKEE A,
MAVEAREE, XYy 7y JEERENEETHD. ZO L9 RHEREIL,

ENCHHY, SEONTHTHUZEDORICITEET LI THD.

T N OFHBOMT N0 BENREINDANLERXIBIL, Fi g
N AN B X ORI R R L, A T4 NS ARXA T XA MREEIEY
BIOARAZZ A4 MEOWRIVEMBEZ R TIBIZILEAA, 4174 B LW
HH%V&4k%@ﬁm%%ﬁ%%¢Eﬁ: AT L. RS, IR

BT 2 XTI, 202 <A EHHT 0 i L EB oM, HER IO,
BOKEEREICHY, 4%, BRWFERSABWFERICE > T, B OHT ~
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DRFEAETHAREEREVEEZEZILND.

77 N OARZEYEBREIEIAMBUZIR s L, EIZA T4 M AAT
B A MEGHEIEDH I LA X7 XA b #5340 38 TR i A A i DL Ak o HiU B A
WERTRIER, 4174 M, m—F2 %A b, EALTFHA FHEBLORZ U
B AT A NS CIX AR I O WAV IS d K OVR AR M o AR A i
ORI, EOMOBOKEE R A CIEEICRAVBRE L R TRIETH S.

77 N OREFCEBAE AR IR IL A L, REEERBD ML, =
A7 ZA ORI OZ ITBEELZRTXE, 1748 AXA 724 MR
BIEEMFE B LR A7 Z A M AR B < F I VRS IS LU 0 1B A
AOoRTXITH B .

Tr 7 | OREMABAEIL, EFHLOWLT A A M EE, BAEEB IO
PNy S S D JUIPAN R IERAP S b : N g a7 G N D QS ¥ = B i @
&5 (Fig.7.14).

7.5 FEH

BEER AL E 25 1 R AT R B BE R — > LR XY IR HUR IS B 1T D
TV RATA R =R B TBIRTI LV RATA RAF—=RT AR
FaeFElODERDEEBY THS.

1) M+ voFRREEIX, HE, REHE, HE#ESEE LOBKEER TH

D, REIZBITLT7 FAT A FaREIL, ZhbORKEHNS AHP &
IZ X BRERBREC K o TREM L 72,

2) FKNHEBMO AHP IEIC L2 —xftbig TiX, THOE) & TRImHE ] &I1XH
BEOCEEMNHL L L, Zhb _S0OHEAT THEHE & HXTHE
EELITPORER, [BKEER ) CHERXTOREHEETHLELE. £
7o, THUVERE®E ) & TEUKEER) CIIRRBREOEEENH L & LT,

3) WIBIZKITD T v FAT A4 NEBREL, £ OMBERERS R EWIEIZ, THRR
FEAtmA (R 9~ HijE | T 355 &, TMREHA () #hd~
DHLZ ) C 322 &, THRIREHIA (Hm) H3& <0 #E) T 204 &, [k
BEHIR MR D I C 105 A, R BRI T <Y i) T 7.1, TR
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8)
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10)
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R ] TE0RBLV REHE] T22H8THS.
MEHEICB TS FAT A4 MEREIL, TOMBKRESSNEWIE
W, TEaF T o0MT_XOHEREY BXO e LxF LT oM <D H
W) CT355 M, [BEEEELT LT VAR T 235 8, [HifES
AEETOMT R0 HEREY ] T 15.7 A, TEMEHERY ) T 105 05, TH+~<
D HERE I L OV SEHERE M) & bR < RERSHERI ) T 7.0 &L, T#KAE ] T 5.0
Re, A T23HTHD.

MEMEIZBIT DT AT A4 NEREX, £ OEKRERS SN & WIR
(2, TPiiEME ) T 16.0 5, [TBUBRAEE £ 72 130V 3 K OV 1 A & DL
HOHEREE] T38RBLY ZiEMEE TL5RATHD.
RNEHD L, BOKEEHIZOWVWTIL, BUKEEE 2,901 #OREE R
iR SRR 2 I 2V, FBUKEEWIZR T D R #A IR S R 2 Et
Lo %2 AHP IEIC K 2 A IR M O — % Hik I Rk S H 7z
BOKEE®RICBIT L2720 FAT A4 NEREIX, £ OMBERERS S & WA
W, A4 N ARX T 24 MEBIEHWH) TI3.0 K, [RA 7 2 A M)
T 93 &, 474 ), Te— XA ), T=ATFHA M) B
W7 /224074 M) T6LA, [T 4 i), Tk a—F 0%
A M) BEOR AT g0 M) T27 5/, I7F% A bar] T 14
Re, 70T A F—fAFEE] TOTRTHS.

HEERM T R BLORT 7 LRI RDIZHONT, TV RATA
RAF—=RTERAX L M ATA2#H L, REsHhZ 3 2 7> ok H,
W< ed T FRAT A NERES S, EALT A4 MBI Rr—
TUH A MM TIL56.1 58, A AT XA MO TIE59.3 8 Tho
7.

ARHILIZBT 5 o0 F M X S OREIZEITHT7 > FAT A4 R
fEBREEAS R DO mEm AL, HIENERBRAME CH Y, HEESE IS
#RL, Lrb, EBLOA T4 N AAT Z A MESIEI 5340 Ik
T390 ThoT-.

R FEAG X, AHPIEIC X 2RE M BRFHC X o TR L, &g~ iz 5
o, I~VONF—=RZ 7L, 707 | I3REMSERm, 7
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7 WXL EHEBR T, 7207 N IEARLZEERSERE, 727 IVITHH
DOHF N FBADPBEIN D ALERKIB LT 7 VILHEE) R H 3
NY)PBEINDROALZER TR T XOMTH 5.

11) o7 VoF#Htd oI bbAADZ L, T 7 IV OFROHF N
DHAEDBEINDARLERKIED 5B, FFITHHM T N0 MIZEEET 5
KK TlX, T NEHEH#T Y EHELC oM, HEB X ORKER
REICHY, 4%, BHRUFERCALWFERICL T, F#HOMHT DR
FHAET LA RERNFNEBZIOND.
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ABFFETIZ, ARA 7 24 M aGlaf o M S R EOHN, BUkE

Boa O R MR SHBRICE S DB L O —EMMR S OHETE &, BUkE
BHOHIBIIBITDLIT L RATA RAYT =T RARA L 2RI o2, KA
B LoTEHBLNTETRTORBEIZCONWTEFLDALLETKOLEEY THSH.

AAV34 bE2EBOCEROREBERSIHARAE

BEADBSICHEEEZDERO—DIZ, AAT XA ip & OEEMER L
Mz o s h, VR HIY & G ies i & 10543°C THIBET 5 &, i
MRS HEE ORGSR AR DB AK T D720, EORMEAKRPBAK LRVIRIBIZE T 5585
LARFRDEHE R BRI NDEGEOLNR2WAEERDDL. L, Hkosa0
ST TR S BB T A TTUE, IEYERS L8R 2 B e s A TR D R AR R T
BXOHMGECIHOWTOREIERW. Tz, KFETIE, AAZ XA b
GHRBORRDZ ZHEEOEBKAEEHEZHNT, AA 72 A4 Fa2aiEn Dl
ER X O M GEN MRS OUERRICEZDEEZHALNCTLELED
2, R SRBRICBIT DA AT X4 NeGhaa OEITIE, ks
F ORI 2 &, FIAE GE) sl flofer R S RBR D7 15 2 8 12 ISR SZ L 7.

MBS RN S, ARX T X2 A N &G Ted A O iz R a8 3 L OVR HiE K Re
BT D AR S 2 EMICRD D oiciE, A% 60°CLLF T4 HELE—
EEEIC/ D E CHBS I OMEREZKICIS AN L~ EER&ICRD2ETRT Z
EVREFELWVWEBZ NS, MmENEEREBICBIT 2 Z0HER, BAKREDOR
NReLHAREOGEICFICENTHS.

AAT ZA S EE LA O MA@ RS & EERRICL D ZD0IELD
L, HMEBEBEEOEWCL s TEWRRLNTL., ZOZ b, ZAAZZA |
EEDAAICB T OMBIEEOEWT, SRS tzoREs X ICEEL
ZHBERO—2>ThdHEHESNI.

L5, AATHA PG AERIIBLTARMRSRKRERB IR I8E, #
RAEMEEIZ 0B EAET 2 ERNEELL, £z, RWRIIE, HA0R
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H AR S I D DHIEDSE, 60°C LLT o 5 il iz etk 7 s & OV il 1 IR & o
W AKRKECTHMT 22 ENEETLNEEZILND.

REFHRIHBRICEDCRKEERED HEHEH

— Bl LA R A 25 MPa Rl O WCA 120 I D, FITHH =R BEH Btk
a XL OGS OBOKEE S O NFRMEICET 20 EIE, ZnETiEsAl
RENTWRW. KRIFETIE, FEICHLSNTEARA T XA NeETEA DR
B Af R S BB B EED W, AR HCE A v e T AR R e, R R T R AR
T V8 Hiduk 35 X OVER 1 R BT SR DI LI PE T 2, BUOKEE S O 5 REE2 B 6
MIZTHZ EARERME LT, MmifilzgiRiEl L OsasN R EIC B D R
() B L ORER SR SR A2 B 2 o7, AL TIE, HEMH BIW
REW SHARS 1L, 24 ISRM Commission (1985) <> ASTM Standards
(2001) 35 L OVERAIE A (1965) Nz S W THEH L.

AR R D, BUKZEE S O M () sl | S O E 1, FR i Hz ek fe
BILOBEGNEMEREE L iC, TAFA b—FAEET A A FPRbBRKEL, A
AT A A MEBROBIKENKbL/NS W, —JF, BOKEEEORER SR S
DONEWE L, REIFEIRETIX, v—F A MEBIREES Kb KX <,
AAT B A MEBRAERKANRK /NS W, £, @S ERETIE, PV EA
WAIRLERIK S D b R E S, A AT Z A4 MHBAEIKE D &b/ S IR ()
AT IR S ) & N EE REAT R S lgq & OBRRIT =19 I TH Y, 7=,
IO OMHEREIT 090 THLHLOT, FFEITEHWHEN A, M MHD B
FORER SR SIE, ZNENEHANERY, BIIZERDLHHLDOOD,
IO OFBENEFITEND &G, s R S BRI, BRSBTS M G
fEKIcB W TbF v — A MBI A2 ARAERERKICB W THIRERIC, A4
DR S Z fHE D DR H Tl T&E D 2 & NFEIES LT,

BOKEE A O R iR S b RO T8 EI1E, MR L8y TRES T bh
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