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Multivariate analysis of damaged and undamaged embankment
dams for irrigation in the Nojima Fault area due
to the 1995 Hyogo-ken Nanbu earthquake

Hiroaki Fuir', Akiyo NamBa® and Shin-ichi NisHiMURA®

Abstract

This study tries to clarify the factors and mechanisms affecting the embankment dams that
were either damaged (d) or undamaged (u) due to the earthquake on northern Awaji Island.
Multivariate statistical analyses (including 10 or 11 items) were performed on 395 dams (d:
112, u: 283) in the Nojima fault area (Nj) and on 1562 dams (d: 348, u: 1214) in the 5 Town
area (bT). On the peaks of category score (CS) for main items, there are six angles to the
epicenter (Nj: 10, 150, 30, 70, 100 and 130 deg. in the order of CS peak values, 5T: 100, 160,
140, 70, 40 and 10 deg. id.), seven angles to the fault (Nj: 100, 80, 20, 160, 40, 140 and 120
deg. id.), one for the distance to epicenter (Nj - 5T: 10 km), and two for the distance to the
fault (Nj: — 150 and 600 m). These results can be explained by the radiation patterns. When
they are combined with the relation between the emphasized seismic waves (P or SV: 45 and
135 deg, and SH: 0 and 90 deg., theoretical emergent angles to fault) and CS peak angles, they
support secondary strong motion source As’ as well as the primary As near the epicenter.
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Key words: 1995 Hyogo-ken Nanbu Earthquake, Nojima Fault, embankment dam for irrigation, quantification
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W, TSR BN E TH D, I NEORR
LIS, BEICEZATENTES L CEBELOR
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Fig. 1 Location of the (damaged and undamaged) dams and faults in the
Nojima (Fault) area
NB. 1) @~®: Approximate locations of the mainshock epicenters
according to literature. Some circled numbers (D, @), ®) are the
same one on Table 2. () JMA95: Japan Meteorological Agency
(1995), @ JMA97a (1997), (3 CRHAED: Committee for the Report
on Hanshin-Awaji Earthquake Disaster (1998), 4 NAO]J: National
Astronomical observatory of Japan (2003), & USGS: United States
geological survey (Kikuchi, 1998), ® JMA97b (1997), 2) ¥< : Current
epicenter (34°36.4' N, 135°02.6" E) in the present paper, 3) NPA:
Northernmost point of Awaji Island: 34° 36" 33" N, 135°00" 08" E.
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#CE W35 0, @OWEIHE: C 25

N
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Crest Axis
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C(xc, ¥ )

“Crest Axis

Fig. 2 Definitions for the items concerning to
earthquake
NB. 1) C: the center of dam axis, 2) n: a
normal to the dam axis at C, 3) 0, (AZ):
the azimuth of the normal to C at the
dam axis, 4) n: the normal at N on the
fault, 5) N: the nearest point on the fault
from C, 6) 6, (AF): the angle to the fault
(angle of intersection n_ and n), 7) d,
(DF): the distance to the fault (distance
from C to N), 8) E: the epicenter, 9) 6,
(AE): the angle to the epicenter (angle of
intersection n. and CE), 10) d; (DE): the
distance to epicenter (distance from C to
E).
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Table 1 Data for and accuracy of the analyses
Case 1 [ 2 ] 3 4 5 [ 6 [ 7 8 9 [ 10 ] 1
Nojima (Fault) Area 5 Town Area Hoku-
Without Azimuth With Azimuth Without Azimuth | 4
AbDr. : A | oa | M Fujii | Fujii
All® All Vg(]))AEE, AzAY | w/o w/o AWE/ (éz All etal | etal
AE | ARV AF (2005) | (2002)
1.Number of Dams T 395 395 395 395 395 395 395 1562 | 1788 | 1788 | 509
Undamaged U 283 283 283 283 283 283 283 1214 | 1438 | 1438 | 328
Damaged D 112 112 112 112 112 112 112 348 350 350 181
2.Damage Rate" DR 284 284 284 284 284 284 28.4 22.3 19.6 | 196 | 356
3.Analysis Indcies
Correlation Ratio CR 0.306 | 0.309 | 0.235 | 0.341 | 0.288 | 0.294 | 0.251 | 0.182 | 0.187 | 0.186 | 0.280
Correlation Coefficient CcC 0.554 | 0.556 | 0.484 | 0.584 | 0.537 | 0.542 | 0.501 | 0.427 | 0.432 | 0.43] | 0.529
Hitting Ratio (%) 2 H, 76.5 75.9 70.9 79.0 73.7 75.4 734 70.0 73.6 73.5 73.5
H;, due to Probability® Hgp 59.4 59.4 59.4 59.4 59.4 59.4 59.4 65.4 65.4 685 | 54.2
Relative Accuracy 1¥ Ry 1.29 1.28 1.19 1.33 1.24 1.27 1.24 | 1.071 | 1.074 | 1.070 | 1.360
Relative Accuracy 27 (%) | R,, 42.2 40.6 284 | 433 35.3 39.5 34.6 135 16.2 15.9 42.1
4.Used Software Esumi | Esumi | Esumi | Esumi | Esumi | Esumi | Esumi | Esumi | Esumi | SPSS | SPSS
5.Coefficient of Association between two kinds of Angles (r.)
Two kinds of Angle to
Epicenter & Fault AE&AF| 0.391 | 0.166 - 0.391 - - - - - - -
Epicenter &Azimuth | AE & Az - - - 0.464 0.464 - - - - -
Fault & Azimuth AF & Az - - - 0.525 | 0.525 - - - - -
6. Single Correlation Coefficient (SCC) between CS and DR for Items relating Angles
Angle to Epicenter AE 0.833 | 0.800 - 0.880 - 0.872 - - - - -
Angle to Nojima Fault AF 0.759 | 0.823 | 0.936 | 0.829 | 0.760 - - - - - -
Azimuth Az 0.122 | 0.538 | 0.599 | 0.941 - - - -

NB. 1) D/T x 100, 2) cf. eq. (2), 3) cf. eq. (3), 4) cf. eq. (4), 5) cf. eq. (5). 6) used all items without AZ (the azimuth of the normal to
the dam axis), 7) AE: angle to the epicenter, 8) DE: distance to the epicenter, 9) used all items including AZ, 10) AF: angle to the

Nojima fault, 11) cf. Fig. 2.

CKF, 1995 A8 - £k, 1987), #7T) —w
I A b (HAEF, 1988) & LIFIZIL TV %, AR
ZeCTIX [ 739 —Aa7 ] (Category Score, Ji
HlE L CS L) #HV B, FELoflTid, 7
7T —REUITIED 5 DT A, (RAE) H79M
DB LT IE B L O E D
MWEHESPFECHNT A L) EOONL, BARHY

&, MBI (cf 3B, DUF, JEHAIE LC [cfl
AW RIRIZT B L) ICES N D,

CSix, #7 T —kDWEIIHTLEG %K
T AMDT A T LDOFEEETHY RV L &0,
FON T I =S BINER (BE) IZKIZFL T

LWHORNE S (HAY, w%>f@50:ﬂu
RWFFE T, IFICEELREETH L, BIIE, E

=

FEAPEIORE DBLEZRDB0% &\ ) & &, K E

I L4
%, CSlFFENHD
D, WENOFHERTNPLTHL, T2,

TI) =BT HETATAEREL, &7

2 988
WO

MDZHAHE L TWAHTH
whRd LR AR 72T

liz’)%

&7

T) =D CSDRNZIBTE DL Z L b RELA
HTH5b

BETATH]OHEICET 2E80m S, W
MBERBOME TR EIN D, MOEROEEZILY
B BED, 20T 4 F ADWBEORES2EL,
AL S LR B, O~1T?éﬂ%(ﬁﬂﬁ
1988)0 B, Ao k=t OB
MY 7 b ([Excel #= LG ver2.0 J, =X 3
#L) & M7z, SPSS (7K, 1995) & FREREHEE L
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7208, FORERLE—FHLTWwDLELTEW (Case
9-10, Table 1, 3.1f),

2.4 HEROFHE—FRITBE

¥ bHEm TEOMITE TV OREE, 20,
TATLARAT T —OFEDOBIE SR, FERO
fEiEPE o212, MBI (Correlation Ratio: CR
LUEED), HIBIRY P ER (Hitting Ratio: Hy, & I&RT),
L ¥ (Range) A V515,

FHERLE - BRI, [ (RER 30 / (425580 ]
LLTEFZEES N (HP - AR, 1983 KT,
1992)0 ARiwD¥a, [HERM ] 12, (1) XTH
EEN 1M (ERELDD) BXU 28 (E
fzoith) OFNENOY YTV ATT ORE D5
14

Z(;Tl—yd)zxni/n
Thrb, 22U, yidy, DIFENOF, nidi
WY TVETH L, [l 3a/zotot
CTIWVAATD

Zz(yimiya)z/n

k3 m

LB BEMEOE, AREE (8K, 1998
1993), 7 v— 7o GEH, 2006) &5 & SIS
no, ML, [(HEHEE) / (2Z8)] Tbd
5 (H - AR, 1983). [ &2 8 3@« 07—
FISEVIE S ENFZTEB L TS 0% WD
FHETH ), [HEMAR ] X2 Ty
L TENLZITEEL T L0% A5KIETH
% (i, 1993).

EERIRE - B OF RS ST ORFE R
L, SARBG T 12 BT 2 EARBIREUCAYS 9 5 (H
e K, 1997)0 RFTIE, MBI R E
E A% % (CC: Correlation Coefficient) & .5
Nl N O

FIFIE R IR H L, SERRTIC
Lo THE - W LHE S e oihhs, 5
BROWE - mhE L SN L hE R
B, DFDIEEETHL, KATEEINS,

H,=N/Tx 100 (2)

2T, NI (1) SICk v sz, whE-
R E oM, EROBE - S L7
ool Tike-otBTshd s, LH (2003)
ZINE THBIER] ELTwb, 28, 0¥
R % L ) &I TV L MBI N 2 v
(&, 1993 : EH, 2003),

HBR PR, ) R T VLI’ Z 550
EY H 5L, Bz iE Table 1® Casel0, CaselllZ
Rohsd X5z, ST (3> 7V H: 17881#)
L AGIR T BEE (509M8) o> H Y e H (F2rhiE
H3)ik, £553HLE735%CTH5H (Fujii et al.,
2002 BEFH: - M, 2005), L2512, B4 (CR) -
EARE (CC) 1&, 5 MTFH (0.186 - 0.431) &
JLHHT R (0.280 - 0.529) Lid K& S BAE L, Z
ZCHEH S (Fuijii et al., 2000a; BEH-- i, 2005) 12,
BHEIREE & LC, MESRAH B R H, (H, due
to probability : (3) ) %, KO L) REZ T
RFEL,

FERRVHIBIEYHE B PEE ko X912
EBERTHDL, 2F 0, THOLOME, HH)
B (1) ik y, #E W) 2, HBEE W »
AHET Do TNHIL, FEBIEIWE () 2,
WE (u) THAE2S, dd, du, ud, vu OHEE
TOVWTFNLTHL, ZOW, ddB L Fuud
BEOMPIESEET (2) ADN TH L, kD
ERAHT, BRET HIEERZEET bo A
DY HATERIZIE, &% v 7V T oM, #
FEoih D HE, EEZOMBUETSH L0
357> Twnb,

L7zoT, #HELDM @) LT, THD
S D EERAZZ CHIBILZ) &9 5,
LIS IIN 2 D D7z (d7) ASEBIHE
72oih (d), 2F Y d'd TH B WEFEIZ (DX (D/
T) &%, %Y DU (=T-D) 75, HEHE
(W) 720l e 72 575, A EBRIZERE (u)
DF D uuTHDHREIX (Ux (U/T) & 2
bo ZOHEDOIELEHIZ, d'd L vu DI THD
Mo, BRICE T B IEEEO T )RR R,
Ihnx (2) RRALT,

H,=((DxD/T)+(UxU/T)) /T * 100

=(D*U?) /T2x 100 (3)
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E%bo TOH, % [HERHFIRPE] &g
L7z

Hy, 13, #E8s Ml EH 2 513, o
T (ERE) 82Ty, Hr0zoitho
B - A A BRI THE T & B BER0 (FEsRRY)
BN HERTH L, BREZEL, BTS20
ST, Zo THERHNTRE] L) b RE %
R EELRETH S I,

2T, HBIg s L MR T H, 0
R,

RAI = HR/HRP < 4 )

% [HHAH5E | (Relative Accuracy) & £33 1L,
Pl Eof#s S R E1.0% BB L AT s 2
bo (3)AMpbbbE)ICH,E, DEUL
DEPRENHERKESCH L, D=UDL &, H,
R D50%, D=0F721dU=0DL EHRKkD
100% &% %o L7205 C,DE UL REL L E
2%, PER (D/ (U+D)) OR7%2 5 AT R
OHFITRED, SRR ILBIR S E ) ERA 2
WEFR Do
Table 1 CHFIMH=HE L (73.5%) Th -7z
SAI I @ R, 131.07 (Case 10), dLixAIFHIH (Case
11) ® R, 131.36T, &6 5 b, RHE#E (R, >1.0)
FE L CTwde LaL, (4) ok H,
RO THEHOLBIZTE v, 22T, &
SICHIXR B 2 45E 2 kD X ) 1S3 72 5 TD
W S, AR, = (Hi-Hy) >0 ThILTiK
BROMBEAME L TWD I el b, T2, &7C
DiHWOWE - EHEEZIEELE S, H
100% TR L2 b, 2% D, Hyld, Hy BlbA
ZFELL, 100% %825 Lidhv, TO#
13 (100-H,) &% b0 —#MIZIZAR, X2 0
FNICH D, ZOMEDLE R,ELTRD LS
\EFET o
R,,= AR,/(100—H,,) x100

= (Hy—H,,)/(100—H,,) x100 (5)
R E—HOREMET, ZhiHviud, B4o
PIRATHE O, ARR B 2 RO LEBATTTRE L %2 %o
(4)Ro R, %[5 VARMKEEE] (5)XDOR, 2[4
2ARMREEE ] LR LT B a5 2 0K

L, 5 HTHEI (Case 10) T15.9%, dvifl]H
I8, (Case 11) T42.1% & 7% % (Table 1, Case 10 -
110 HBIE =L U T b5 2 AL, b
RETFEI D FTANE B PIC X ve SO X DI, T
ez v 8a1E, MRy pghE e dhic
MIRETHSH9o

B, [Lryyld, BEOEREL SN, kAT
EFSIN D,

R=A, (max) - A, (min)) (6)

22T A, (max) EET A T 4O CSORAAL,
A, (min) FACCHRMETH B, 2, L >
Vi, HETAT LD CSOHEERT TAT L
RHT ) =HBEL CGEENTHIUE, £T AT
LDV Y ORE SONEMIL, RHIBIRE DML
ZIRIR—HT L D (B, 1993).

3. FEWEREBOERE SHTEEED
Jid 3%

3.1 RIFEE

BTl L 912, Ko Hm bl 1
OFMEIZIEHIE Y 7 b (Excel #= bHHiv.2, =
A 3f) T HWTWwa, —75, miEw (EH - b
2005) @ 5 HIFHIR O, WIS RHE R >
% — N @ SPSS (7K, 1995) = FIH L 720 &
DOTATLG, 7)) — b ESRrEE & 128
o T\Wb, £ 27T, Bk (HE) SIHO T A 7 A4,
AT T —\ZEbET, SHHEEOY YTV (7
i) 1788 % Z D1l Y 7 b THEHE L7z 72
2L, SHHsR CldRalEEY 74 74 L LTH
WTW5h, ZORHIE Table 10 & 9512, 5 HTHH
18, (5 Town Area) 17884 > 7 W IZDWT D, 4
DR (All Items: Case 9) &, i b O (Case
10) LIZIFIFR L E LThve Lo TR ol
W7 b CRE L7 R T HV 5.2 BRZEIZE,
SPSS TH 58 L 724k #% M 4838 (Hokudan Area) O
K& (Fujii et al., 2000a: BEH: - filL, 2005) &, &
ED7201Z CasellE LTRLTWA,

ik (5.381) O X512, AT, RO P
R GEIAEE, WM PIRICEETH S,
Z 2T, Case9 (1788ff) D7zoHih 5, HEIO
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m PLE (20 m A3 EUE) D1562% > 7 v % i
L, AR, AT MEL:. 2074
W HBER T % Case 8& LT, Table 1127%
Fo TOMMTRIEIL, Case THANETH L. L

»L, ¥TINVF oo LT =7 ThHhLILrE
HlL, Case 8D RZARGIZEBIT 5 5 HTHIBOfiE
EL, iEOMNRET D,

BRSO WC L, ARk T R A
YTV EEE L395 (N, #E 1 112) & L7z,
Table 112 Casel & L CZDHTFEEE (JHH 3) %
R BFEHHIO [Py ESE] (DR IEH 2),
DOF Y, FHANE OB T B E oMK
DEH (284%) 1%, 5 MT4HI% (Case 9 : 1788
> 7V 19.6%, Case 8 : 15624 >~ 7)V : 22.3%)
LY K&V, Table 1OWHE 3IZA LN LI IZ,
B 318 (Case 1) OAHEI I CR (0.306), FAHE
1% CC (0.554) 1%, 5 MT#EHK (Case 8) DFN 5
(CR: 0.182, CC:0.427) &Y K&\, HHIME
(H) b, BE#HE (76.5%) (& 5HTHH8 (70.0%)
L D65RA Y PRE W,

B (1993) 1%, B 0 0.8~1.0, HBIAYFEK
90~100% % S3HTREEE LS [FEFIC RV, WL <05

~0.8, 75~90% % [ R K\ |, 0.5, 50~
75913, [HHREEN R ] L LTwb, 7272
L, &, SNEH T TERAAHGORLTH Y,
HWHE (7 — AN 5 — AC) BITEDRTRET
HrHELTWD, — T, HHE (1988) 1, F
Bl & LTS N7 ARBIR0.151IE D WwW T, [k LT
KELFTIE VD, EBEORAET— 5 ThHL,
HARTERVIEIEO/NS BB TIERW] L LT
Who L7235 C, B (1993) 1T 1E, FHE
TR W] A, BRI [eReRW ] 2 &
7% he F72, di4EF (1988) IHE21E, MBI
WEFHEGFHICTE L 2 LIl b,

—77, BRI (Case 1) D% 1 MK IR,
(1.29) 1&, 5M#EEL (Case 8:1.07) & h K&,
55 2 MRS RERE R, BT B30I (42.2%) A%, 5 MT4H
I (13.5%) L V30K A >~ b, #3fH5H. HHl
RO EIT6 RS > N THDHD, HAHEEIL
RELRED, Wb ik (R, >1, R,>0)
AR LT\ b,

Fig. 3125 B4 (Nojima A., Case 1) O{RAHR
##%% (Partial Correlation Coefficient: PCC) & L >~
¥ (Range) &R L7z, o201, 5 MM (5

Range
0 0.5 1 15 2 25
Angle to Epicenter (1/4//1) ‘ A ® | =
Distance to Fault (2/5//2) % QS /X/
Angle to Fault (3/6//3) Zg\ ¢ |«
Embankment Volume (4/3//5) ) M
Elevation (5/7//6) A 4
g Distance to Epicenter (6/1//7) /x/¢ N
- Plane View (7/8//9) )é
Geology (8/9//4) /A ' —
Repair (9/11//10) —S— Nojima A(Case 1)
Leakage (10/10//8) (o Wit —A— 5 Town A(Case 8)
Nearest Fault (-/2//-) ~4\ | —s— Range of Nojima A.
0O 01 02 03 04 05

Partial correlation coefficient (PCC)

Fig. 3 Partial correlation coefficient (PCC) for the Nojima (Case 1) and 5
Town areas (Case 8) as well as range? for the Nojima area
NB. 1) cf. eq. (6), 2) The numerals in brackets show the PCC rank
for the Nojima and the 5 Town areas as well as the range rank for
the Nojima area, 3) [ - : no data, 4) the cases are the same listed in

Table 1.
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Town A., Case 8) DRIHHABE L RL TV%, 7
NVOFERWNO 1 FH, 2FHORFE, TEE
JEsERL L 5 WS O RAHBI RO, 37 H I
B EWEEEO L Y ONEM Z R LT b, -]
FNIRIE T AT A T AR RWI 2T, LY
CARHIBR B ONER 221, FRBHE D 478 K&
, 7T =G IFICHENISH L L ERT,
L2oL, Tho oM EOMREHS 2
LIIEEZOT, H2TIOFFIILTWAE, ©
OO T A 7 2%, FEILAREE, WEBRHE, e A
JEASEINAGT, Sefhat, e, Ui dusssl
Bz, SRR, AR 2 RZETH Y, TR
LTwhELTL,

3.2 B7A1TLOHEEADEE
(1) BIs%

RIETIE, MEMEDOT 17 2% F0I02, &
BN (TAT L, A7T)—) OEWEDED Y |2
DWWk %, Fig. 30, Wik (Distance to
Fault), W= % (Angle to Fault) o i+ R %%
(PCC) 1F, WHEMHEMCIIHBWIEIC, 5 HTFHEK

Tl E (Nearest Fault) (12%F3 % & 0)“(&;
b0 ZEETIZHE UEIIR L T 505 L5
%o L7208 T, AiwClLIbrkg sk - &Eﬁﬁaﬁ?
DWTIRFEHEIZOWTOARLKND

Fig. 4 (Fig. 4a ~4j) |2, ¥ B (Table 1,
Case 1) - 5 HT#EIE (FI U< Case8) @, %717
LADNTF T =237 (CS) B L UHEZE (DR)
%8 L7zo CSIE, Him (BEIRAB, 2005) [, ~
4 FADCSDHFEDORENLDE [KE W]
ERT Do HNOFIRI, WEREWNILT D720
EAROF M FIZFIR L7z, 7/\)1/0):%9)1(17\10);&
TX, WEEE, SWHEBOY LT (2oi)
HCHbo CSOIERIL, MNFREEA 1B (Il
EAA) 2, 28 (WEM) oM R TH
Bo LEEEDS L Vo T LOMPEEL LIRS

W, Bl 2 1E, Fig. 4a OB BFHIE O CS 1%, W
J& BEHE3000 m (0.47) T b MHEM (79 ) T
HDHH, BEFIZ19.8% L H DT L ITFEE L2V,

}EE’IEEEE WiEAER &, ENER EEWN

. AL =T 7 A) OEIETRTENEK

(B 7 3) =28 \TEERZ TS (2.3f). #
ZIE, BYH#ED 7 7 3) — (Fig. 4b DI N)L)
X 3km, 6km, - - -30km F TDI0% 7 T —
Hro TOND[ 3km] 1x, EEHE T 3km L
L 6km KOV TNV ] E—DDH T I — |2
LCWb, floh 5Ty —b[ETH 5,
Wi f R, BURLAREIC OV T, BEHEE O
T WEDL v (39508) o T, 360 FER (36
7T =) Tld e, 180EFIR (187 7 T —:
Figs. 4c - 4d) & LT\ 5%, 180/ ~3601E D4,
ZIE D EAFRD 0 ~ 180 1228 L CHEMT L T
Wb DF N30ERROYE, SR T IER =
L L7oAs, 180ERTROEE, Mo LT
DMXEEZEL TRV LIk b, 5T

W IVt 5 (166218) A%, B B HE
E DD 72012, AR TIL180E FooR O fEAT HE
FExRT,

(2) WrFEEERE & =R ERRE

WiBEEEE (Y B OA) - RHBIRE (PCC,
Fig. 3) 75, 7A 74 LTR2FHICHELC
B2, WiEMiEEL, B EHRE oM (NREM)
#I1E, Ve GiE) ##k L7 (Fig. 4a). #7 T
) —OFEPHIL, HEHIAT-500 m (FEHEE 1 — 360~

m), WEEHIA5000 m (SEHLEES000~6200 m) &
Thbo BHEM (CSHYAFR)IF, HFTY—
? =500~1000 m £ TH %5, CSDI|AY — 2
(=1.13) {£500 m (EHHECE SR X 1) 500 m
DL 121000 m i O N B 12 5, 2k Hul
W A~EEIL B CS 1IN E L Do BEERDOM
b CSIZ—FLTWw5b,

ERIEE : 5 MO PCCIL 1L TH 575,
B 5 EI Tl 6 i & fK v (Fig. 3)o CS DIk ¥ —

1%, TP EEI (- 0.26) - 5 WT R (—1.64) & 12,
ismERE, 9km 1225 L (Fig. 4b), T 5l

BN LHE CS IS b o ZORMEIX
BOIRG 5 MHEEIC L ) L FbNTwb, HE
1ﬁl (CS<0) &, 15 km & 18 km DHEF (FHHEELS
km) $TELD, WELKORAMDS Okm (24 L
TV B, ZOMAIE CSIZHRIFS DL, CSiE
ERHHEZ T OB AR L TV L, #E
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KIIMBOBERIEITNTVE, ZOME DD
#k, BREHDAOERD DD L fbE
%o ZOXIF OB BWTIEMNLER 7 WA 4
LIXMRH L (KRT, 1997)0 L5 FEILisE -
Wil oDV TlE, SETEHICFEL <METT
5o

Q) WMBAELERAE

WEAE HFEHEEOA) ¥ EHIELO PCC (F
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13K E v, WiEMAEO CS (Fig. 4c) 1, 10012
K E—27 (-081), S0 (-0.56) (242 ¥ —
I %o e T20EE (—0.48) 25108 (—0.44)
WHEIE =27 2H Y, 1605 ( —045), 400
(=043) 1%, BEFALKEEOE—-I WD 5,
CDEIZCSHYE—r ZRTAAEE [CSE—2
FRE], HDHWITHIZ[E—7 ] LR, Th
1ZEILASE (Fig. 4d) 122V TLHEBETH 5,

B, 12012 ¥— 2933 %75 CS (0.23) 1
HEHEMTH L, L2, ZoOWHEE DR:
32.09%) \ZFIGPER (284%) LY KE V., ER
BEICLFAEO Y -2 (1305, CS:0.02, DR
355% : Fig. 4d) 2" %o CO LI B =2 %
[HY—7 | EIF0, #gcmd (BUFRH UL
5.3. (2) 1),

CNHWEMED Y — 7 fEDN, 1005 10
EOEZIOETH L, M7 7ETIE, 202
JEDCS EM 7T 7k adEs, 2EMITER
T2, 2T, WAEOMBREHMRIZH S ],
HHVIE[ER] LR L1235, 80K L1608
LIFBOEAETIITHER] LB b, 2O LI
DWTIE, 53 TISIZEEL SMEF§ 5,

WP I, B TR O R & SRR & D%
e LCTwb (22.(3) I, Fig. 2), HEMfE%

AR & R E1E, Wi AEEL00KE 1%, SEHlS e 5
Wit L CIEIZER L CwA I ek b.F 72
Wil M EELORE (X, SEdhASEF S Wi 12131 ZIEx LT
WLl A, TDLHIZ ﬁ%ﬁﬁfi%%
LB L 13 1@@Lttb@@ﬁ%#m%y
{, BREMSOWELHETEIAVESTZ D, B
EROMHANL CS DA E —F LT\ b,

BRAE  BHEMHEFEOPCCIIE 17T d
EIZEG-L, 5 W (4460) L) ZOREN»HE
¥ % (Fig. 3)o ¥ & #HIBL 0 B YL f4 5 o CS (Fig.
4d) 1%, 10K (- 1.18) & Ha12, 0 FF (- 1.15)
WP TIRRDOE =7 9 bo ZHIZHNRD &
INE WA, 1508 (—0.57), 30 (—0.55), 70
(—0.25), 100fF (=017) 2 ¥ —2Hd b,

BULAEE D, WG & AR ICI0RE - 205 &
1008 & 1213, HAEHE & CIFIFEA R L
TWh, BRMED Y — 2 MEE10E OB HE TR
VRIZIEAS, BRULfgE100RE D3Rl s R T IS
WEIFE A, 150 (=135+10) L ITIEREE (ARBF
20 [#5] LI 2 RO EHIx, y OFHEy
=ExXOHM]ET2)Il%b, L72DoT, ¥
BB TCIIERICESG LTV 00 R HEY
ZIFR T, BR - #ARomESLEPTE RN
EVZ D, BERORAKLE =213 0FEIZH D,
CS DEMIT—ET 5L LTLv,

—77, 5 HFHI CIX10/ (-0.15) ¥ -2 &
B, ARE =713 CS(-0.60) b, #E=(36.1%)
H 1008 (BILIZIZER) 10h b BFEHEE X
KECEL L, INLOBRAE - WEAEOR
EOHBELA ST OWTIE, WO T 5 ETH
RERCT

ERAELHMBAEORMGE 1 ETHL)
12, L B WIS o A B R S B I I pEE
DFIAEE L WS A ORISR S B 2 &
MHEEE S L7z, Fig. 512, B B SHIE 0 3958 o 72
Do, B & W A EOBRE R Lz, W
J L, B O BEISAT L60~ 1105 o> & b
WXL, ZOFHMHEITHBEE b, OF
D EIXIFIZE R (0EDOTN) 1I2h b, L
7230 T, BUIERE (RIS EE108) OfE LI
JEE 3 (WikE M EE100RE) 1SRIS L, Wi Esxd (b
J& A EL0RE) ASEEIL A TS AE (B2 9L A 2 100%)
BT B2 8l b 7272, 2T
ELELHERTHENE L7200, H 5\ IEmH
BT 2 D0 &V FIIIE R B v, Ib
2oV, oo M) 280, &6
LI (3487, 6 %) THETT 5,
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Fig. 4 Category score (CS) and damage rate (DR) for each item in the Nojima and 5 Town areas
NB. 1) The numerals in brackets represent the number of samples for the Nojima and 5 Town areas,
2) the legends shown on Figs. 4a and 4b are common for other figures of Fig. 4, 3) the cases are the

same listed in Table 1.

4a. Distance to the Nojima fault (Nojima area only)

4b. Distance to the epicenter

4c. Angle to the Nojima fault (Nojima area only)

4d. Angle to the epicenter

4e. Embankment volume (dam height X dam length)

4f. Elevation of the foundation
4g. Surface geology

4h. Plan view of the dam axis

4i. Leakage (before mainshock)
4j. Repaired (before mainshock)
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OIAFEZ, WL Y 4km JMABD), LY
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4.2 BREBICLDIMBNHERAOZE
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LB AT o720 2B, AEFIE Fig. 1508
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GO (£0.018, #0.65), HEAHBA (&
0.016, #10.3%1) 1x2% X223, fhoIH oy o —
ADIFHAEE T TN OH D, 4 2 HAHFER,
W&, BHEGD42.2% Tl b K& <, JMA97a @1t
395% T2 THb, 2F 1, HERIINT L%
FERAT RGBS O 25 fil 1, USGS D724 (JMA97a @ &
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DOIFFFHRD) BRI 2 Bl % BRI iER b ok
&,

W B - W@ H 75 I — A 37 (CS)
OMEFIE, WTFNOBERL BRI LIEEEDLY
Motze T TIE, EULMEHE - ERMED CS IS
DWTIR5B,

ERIES  Fig. 7al2, LRU3EREBERC
L BBEREEED CS(H T T — A7) ERLT.
I OFEIMN ORI, FLBID &4 — ANEDH
TNV TH B, JMAITa ix, IHE YL (Current)
ERBICE =27 A 9km 12dH Ho JMAIS & USGS
&, BREAHETIC4km Wi T AL OT, ¥—2
b 6km 2 Do WIIL L R SEENALE T
?kwitké’&iwb6>

BERAE : Fig. 7b |2, E%ﬁi}#@ CS #, Fig.
7a L AREDFFE TR L 720 BHERD2 S 4km
BTEICEEN T D USGS 121, Bl EFL <,
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& % (Fig. 7b)o VHEEVE )7 M) ~F) 4 km BT
% JMASIZ B YA JE 0 FEA A — 27 T — 2
X 7D 5. BRI S EE T IANK 1 km B
NTWw5b IMA97a ld, 20FEIE2E -2 H 5D
A, AR E—2ZIFI50/12H ), fhomEd b i3 i
he LL, ¥—=ZIET7THBY, ZDON6MHE

Table 2 Accuracy of the analyses for four
different epicenters of the mainshock

Epicenters?
Abbr.V JMA95 JMA97 USGS Current
@® @ ® DA
CR 0.285 0.303 0.324 0.306
CcC 0.534 0.551 0.570 0.554
Hy 73.6 75.4 74.7 76.5
RyY 1.24 1.27 1.26 1.29
Ry 35.0 39.5 37.7 42.2

NB.1) The abbreviations are the same listed in Table 1, 2)
The epicenters correspond to those in Fig. 1, 3) cf. eq. (4)
with Hy,=59.4%, 4) cf. eq. (5)

—— Current

_@— JMA97

_A_ JMA95

g USGS95
€
=12
5 ‘\ (97/ 32/-/-)
s 9 A (179/186/ 76/ 71)
3 ] .!/
g 6 (74/110/167/ 174)
e}
o 3 ( 45/57/93/117)
I — (-/10/58/32)
% 15 05 0 -05
e Category Score

Ta

MHEROE -7 LIl AL —HT 5, 2O
LIS, BRNELSDHLEETNCH, YLk
TR XY = IZHFDEDY v, 7272
L, BRMEEIZOWTIE, BUER L 4km BN
72-JMA9 - USGS & Tlr¥— 2%, Y — i
WZFENAEL B,

BRI, MEE L2BEECTH D IMAI7a@ L D),
FlAkmBENT-MEICHD I LR A, L0L
BE I RN RS F 1L, USGS JMA97a @ X 1)
2.5 km OAFLIE) OB - EHEREE B
W D IBED S  (Table 2), EJufisfh - 2o
fE OIS IMAI7 & 1F1F—3 ¥ 5, LzATo
T, BEROBMIFERED L D HIRISTEV & LT
T,

170 A—SF (17/20/13/22)
160 (30/29/23/26)
150 (15/12/27/17)
140 (17/21/21/21)
130 é/ (31/29/12/30)

g 120 A (20/25/25/24)

5 110 M (28/30/24/24)

S 100 (26/24/26/24)

% 90| (27/22/34/22)

S 804 (20/23/22/20)

,”5 70 =ie (33/29/20/25)

% 60 (23/21/25/24)

< 50 (22/21/28/24)
40 (22/20/20/22)
30 (22/24/23/25)
20 AT ¥ (15/14/22/12)
10 I (11/11/14/12)

0l — e A (16/20/15/20)
1 05 0 -0.5 -1 -1.5

Categories Score

)

Fig. 7 Category score (CS) for the distance and angle to epicenter calculated for the four mainshock

epicenters

NB.1) The numerals in brackets indicate the number of samples for the four mainshock epicenters in
the legend, 2) the brevity codes in the legend are the same as those in Fig. 1.

7a. Distance to the epicenter
7b. Angle to the epicenter
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NS DT Y mO5AiE, HIERKO%SE
BOL D %, FIRDEMHE L THiANTW
bo WTNOETNG, KESNIWEHOIRE
ETITR)PEL, #HE (n) MO -2 08 %,
COY—27OF L% An L L, AnEHLET D
KTV % [An #HI] & IERZ EI0T 5,

FREECEE DV 1I0ETL MDD @3- @-®,
RE, 1998; M ®, 5, 1998: M @ -®, i,
1998 M @ -1, TRE 2005) O 545
FETNENENO TR T (An) #HI (n
=1~3, IXDOKREZVIH, n=3D%VET

Wb d D) ORENEE FiAR) Table 312779,

EOLEFIZ, 7TIVT7 7y b (a~n) &
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OEI LY HEEEEM O, REREE (Awaji Side
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d) @, WEmEOEE (Length: ¢) BXUHESH
MONE (Width: d) 2783 L 720

FEEFVOER [EFVER] L) O
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HP (2007)) % J£#02 L CRI%E L 720 NPA A5
ETIVERNOHHE (e, ) &, H (Eastward: e)
N1 ~4km (W8 EFTNMIZ3 T2 E4km),
(Southward: f) ~0 721X 1km T %,

DOWVT, EFNVERPS An £ TO, TN
@i o 7 MEEE (Dist: g, i, k) 2R L7z $74b
b, %1 (kK A) (LargestSlip:g) - %52 (A)
(Second one: 1) - 453 (A,) (Third one:k) 39
FIOHL (DED A A -A) ETO, ET NV
BRNPLOHETH D, A T ADREEEM & 72
bo BmBLERMN T, Shbiddic, Bk
DNEEZ T T AL LTWD, KL TIEERIZZD
FFICL, BHEERAZR TS, 7 VERDY
5 A ECTOMRE (g) 12, —12~2km ThhH, £
DA, 4ETV MD-® - -@D-®) DAIFET
VERPL0~2km TH Do

F72, An D#ED S DES (Depth: h, j, 1) 3
T L7 ADHFESSOES (h) 120 ~14km T
Hho wtk (mn) 12, EETNVORKT Y (A)
78 1% (Region of Largest Slip) ® £ & (Length :
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Table 3 Outline of slip spatial distribution along the Nojima Fault obtained from previously published studies

Assumed Fault Locationof
Planes Epicenter Location of Center® of Large Slip Reigions (A ) .
Awaii Side From NPA? ' Largest Slip
Model” | Num- X East- | South- Largest Slip Second one Third one Region (4)
ber of | TEREM | Width 1 0d | ward *) @) @)
Planes Dist. | Depth | Dist. | Depth | Dist. | Depth | Length | Width
(o) | Gm) GGGy Gy | ) | ) | Gm) | ) | Gm) | Gom)

a b ¢ d e f g h i j k 1 m n
MO 1 18 20 3 1 =7 0 24 16 — — 5 4
M® 3 22 22 3 1 -8 0 5 16 20 18 4 3
M® 2 15 15 4 0 -5 0 21 13 — — 2 3
M® 2 26 15 4 1 1 12 -5 2 8 12 5 2
M® 2 20 20 1 1 -5 4 6 14 — — 10 6
M ® 3) 12 12 3 0 0 20 8 15 8 — —
M@ 5 16 16 3 0 2 13 -11 8 9 13 2 2
M® 4 24 16 3 0 2 14 -11 5 -8 13 2 2
M©® 5 21 20 4 1 -12 0 0 15 18 18 5 5
M 0 4 21 20 2 1 -12 3 16 19 0 15 5 3

NB. 1) M@: Ide et al. (1996), M@): Sekiguchi et al. (1996), M®): Horikawa et al. (1996), M@): Yoshida et al. (1996), M®): Wald
(1996), M®: Kikuchi (1998), M(@: - M(®): Koketsu (1998), M(©): Sekiguchi et al. (1998), Md0: Yamada et al. (1999). 2) NPA: the
northernmost point of Awaji Island (34°36" 33" N, 135°00" 08" E) shown in Fig. 1, 3) Location of Center: the distance and depth of

An from the epicenter of each model.

AFBORE S (BES XIE) &, A3 ndop
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6km M®) TH 5,
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BiEE ] (e, ©) & D721, WHIA (=e—4) NTKAED,
A (=f-0)NEZLEEF VD 1km PINTH 5,
Table 3D E 7 IWVEID 5 An ~Di# (g, 1, k) I,
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120 M®@) 721 3- 1km M©-D-®) &7 5,
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FIb

PR EE OB E L, BB FEES 5 NI
b, BIH,DS 9km &7 BN ALE TA LT
W7z (Fig. 4b)o 20 X9 2B, 20044E 505
o R (B - i, 2009 5 2010), 20074 fig
BB (BEFE, 2008), 20164FAEA M (EH,
2018) 12 & B 7zt R I b A sz,

¥ Hh (1996) (&, FEEEAHRIBEOEELS O
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W FE3.2 km/s (Ide et al., 1996 ; Yoshida et al.,
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0, Fig. 8c (¥ Mg oA E O FRRIZT W
INE = EE X %o Fig. 8b (LB B kE o R IEH
FEOTREZRRLTHAHEE %5, &5, Fig
Ba L LB (B OG8Ny — > Th
% (Kasahara, 1982 ; #inHiEBI NI 724, 1997),
Figs. 8a-b-c IZIZF L4 TO P ¥ ofig & —
YHIRL72,

ETI - Hy TIVET IV Fig. 8ORG /5 —
v B X UOHEOEFBBEOMTIE, 7N - Ay
TVET NV (DCM EBERL) 12DV TWnd, Z
TUIWTETH O TR E 72 o TEHT 2 HEM
&, BHIEEBIC@BL STV -y T T = R
(BB CHERY 2 2o Ick>TEL 2
WK ESMTHLEN)LDTH L (K
1996 ; KH - FAH, 2002 5 JESE, 2005 5 Aki and
Richards, 20027 &) .

WER O L RTWE RO (FEO
W OB S OZER) &, VEHIE, dHhE, i
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RN b, 260 GRIE) O 2 kOB TH L
AOVF— (KM, 1979) b [ U RS % o 2
ENIh Do WIENS, HUEMET A 7 2 O ESF
PEIZDOWT, gt sy — 2% h DCM 123D w
VY (R i it L A SR T
LT B,

5.2 WERIRILX—EERERHSLUKE
EERE DB
(1) ERIER

[ 2 36D AR 12 DT, R
B (F2ULE &gdirbG C &4 S EEE - Fig. 2) o
PR (B S 9km i CHF T — A2
7 CS MK © Fig. 4b) % MET3 20 MU E%
Y Fig. 80K, ZNENOSEMEEILERR
%o L2L, WENORBH/ XS — 2 % s
ETHADIET, £ 1L, HsEIEED 5 II0
R CH L. WENEOEE, BREIEEICH 5
DT, RBEOLOMWMPEEIZONWTIE, ZOAD
x B D SHED—HED A E 2 1Ud X\, Figs.
8b - c DA IIHENEL—HETH 5 HgHFELR
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Fig. 8 Radiation patterns (by Courtesy of Kajima Syuppan-kai)
8a. For a point source at rest (Riron-jishindo-Kenkyu-kai, 1994)
8b. For a line source where Vr/Vs=0.5 (Kasahara, 1983)
8c. For a line source where Vr/Vs=0.9 (Kasahara, 1983)
NB. 1) Vr: rupture velocity, 2) Vs: S wave velocity.
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W B BE B D E R DMKEE © Fig. 90 /e figk
DY CS DHAIEFEZ L TIELVWORE v
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Fig. 9 Category scores (CS) and damage rates (DR) of the distance to the
Nojima fault for Case 2 and the other four cases using a quasi-jack-

knife method

NB. cf. Table 4, and see the main text for details.



HR K ER J. JSNDS 39-3 (2020)

309

% (10%Cut: 1EIHIBR & FR9 %) & H V24 = i
MadTolze 72720, =% 77 A VD 72ihi
BBORIE2OLFMICMHIZERENTWEDT, H#
W5 L 7= 2 IRmY T 5, 22T,
1 ~39%5F TOEHEL 2WEEEIESE,
T &7 OMIG 2T & Lz,

ZORFE TR0 E, 1 &S5 FIEIC
WEr 2, B 5400 (KF5121~1607)
wHIBR L7235 % 7— % & LRI L7ze I
#10[iE L7ze 200k, Flz kil E L
TWbLDT, BRHIRS DT T VoflaEid
Wl bo MRk TFIET, 2% - 34E - 4EH KO
= AZ0WT, ZNENI0E T OLEm T &
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DR), fATHEE (M3 @ MBI CR, EAHBIRE
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HRFEEIL R, (> 1), R, (>0) & b4
RLTWwh,

Fig. 912, &7 —AnH5IT)—22a7 (CS),
%&i*(DR)%Tﬁ“O Case 2% fr& £r— AL D,
10E O EFROFHEE 7Ty P LTWb, [
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%o CS ML, 4 %IHIEE (Case 15 ¥ ¥ 7V
237M8) 127 % LR RENNTLH, LoL, 14
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276f8) @ 37— A® CS i, 4% (Case 2 :
395M) OFNELFREE—FH L T b, fEHERITLE
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500m) TEBBGIIMATAIZIEL W E LT hwv,

Wr/EBE D CS BHRDH%ET : Figs. 8b - c 12 &
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BRSO SWdH B VIZPIRDZFNL Y EMIC
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Table 4 Data and accuracy of the analyses based on the quasi-jack-knife method

Case 1 12 13 \ 14 \ 15
Deleteing Samples from the Original Data
Abbr, | Opsind 10% 20% 30% 40%
AV Cv AV Ccv AV Ccv AV Cv
1. Number of Dams
T 395 355 0.0 315 0.0 276 0.0 237 0.0
U 283 255 1.2 225 1.7 198 1.4 169 2.3
D 112 100 2.9 90 4.2 79 3.5 68 5.6
2. Damage Rate (%)
DR | 284 [ 282 2.9 287 4.2 284 35 28.7 56
3. Accuracy of Analysis
CR 0.306 0.321 4.8 0.335 7.6 0.388 6.1 0.395 8.9
CC 0.554 0.784 2.5 0.793 15 0.814 2.9 0.814 2.7
Hy 76.5 77.2 2.4 78.0 1.9 80.4 2.3 80.4 3.0
Hyp 59.4 59.5 1.2 59.3 1.8 59.3 1.5 59.1 2.4
R, 1.289 1.296 2.2 1.314 3.1 1.355 1.8 1.360 3.6
R,, 42.2 43.5 9.9 45.3 10.3 51.9 7.5 52.0 11.7

NB. 1) AV: average values for 10 calculations, 2) CV: coefficient of variation (=o/AV X 100), o: standard deviation, 3) See the caption

of Table 1 for the other items.
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Fig. 10 Schematic diagram of the modeled dams that are located in the most vulnerable positions in
respect to the seismic waves shown with the arrows for the one-fault model. The theoretical
values of the angles to the epicenter (AE) and to the Nojima fault (AF) are also shown

NB. See the main text for details.
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Fig. 11 Schematic diagram of the modeled dams that are located in the most vulnerable positions
in respect to the SH waves in the three—fault model. The theoretical values of the azimuth
of the modeled dam (AZ), the angles to the epicenter (AE) and to the Nojima fault (AF) are

also shown.

NB. See also Table 5 for the relations between the theoretical angles of AZ, AE, AF and the

corresponding seismic waves.
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Table 5 Comparison between the theoretical angles and the CS peak angles for the azimuth of the normal to
the dam axis (AZ), the angles to the epicenter (AE) and the angles to the Nojima fault (AF)

Azimuth (AZ) Angle to Epicenter (AE) Angle to Nojima Fault (AF)
CS Peak CS Peak Assumed Seismic CSP Assumed Seismic
Theo. Angle Theo Angle Wave Theo. Ang. Wave
, , , cf. , , cf.
As As NJ 5T As As NJ 5T As As Fig.11 As As NJ As As Fig.11
@ @ ®) “) ®) ©) ) ®) © | 0 | Ay | 42 | 13 | a9 | a5 | a6 | A7
1
50 50® | 50 | 0 00| 0@ | s, AE-,| 90 | 90 s, | s, [AEL
22
100 | 10@ 100D
30 | 30 | 30 20 S, |AEL, 110 S, |AF*,
308 115 Pu
120D
40©
95 45 Py 135 | 135 Py P,
- G)
700 140
75 65 P 155 P,
0@ | 706 160 160D | S, AF,,
' AF
140 90 S, AE,, 0 0 S, S’ AF;;
100® | 100D P
1106 | 102 0
120 110 S', | AE,, 20 | 20® S', | AF,,
2 P
130 130® 406
5 135 P 45 | 45 P, | P
10® | 10@ 1403
150 | 1505 1502
165 155 P's 65 P’y
1602 | 160 70 S, AF*,
802

NB. 1) Theo.: the theoretical angles for the modeled dams that are located in the most vulnerable positions in respect to seismic

waves emphasized due to the radiation pattern,

2) As: center of large slip area near the epicenter, 3) As’: center of large slip on the Nojima Fault in Awaji Island, 4) NJ: Nojima area,
5) 5T: 5 town area, 6) ()~ (@): rank order of CS peak values, 7) See the main text and Fig. 11 for further details.
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Table 6 Orthogonal pairs between the angle to the epicenter and that to the Nojima fault, for the dams

received the same seismic waves

Angle to Epicenter Angle to Fault
L. CS Peak Angle (CSP) CS Peak Angle (CSP)
Assumed Seismic Wave
Theo. (°) Numbers of Sample Theo. (°) Numbers of Sample
(deg.) Ranking (deg.) Ranking
@ @ ®) @ ®) ©) ) ®) ©) (10)
160 160@)* 27) 2)Y
) s, 90 160 ( ) @7 @
1005 2% 4 0 103 2% 3
i) S, 110 20
203 2 1
iii) P, 135 130 31 2 23 0 3
— 45 405 25 4
) p' 155 1502 15 7
v s 160 30 3 65 - - -
v) S; 0 0w 16 6 70 802 12 8
- 90 -
) . 100 1 8 100D 15 7
vi) S, 20 306 2 B 110
120D 25 4
vii) Py 45 - - - 115
135 140® 18 6
viii) P, 65 70@ 33 1 55 160D 27 p)

NB. 1) the theoretical values in columns (3) and (7), corresponding seismic wave in col. (2), 2) CS peak angles in col. (4) and (8),
3) number of samples in the category in col. (5) and (9), and their rank order in col. (6) and (10), 4) duplicate with viii). 5) See the

main text for further details.
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AENEAL A5 AL (B /s = JBY IR EE /) T
I TV T VSRR E ) OFE R (CS AL
D= i) BESNT Wb, —J7, ZER - W
JEFEEDWE AT DY TVED, 227 1) 4L (26
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5.3.(2) ). £ LT, MIEHERIIIRAETLIIED
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B DOEBE D 720 EE 268 TdH - 720 &ED
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DV SIZIZFE L E LTEv,
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FEE S (6 M) LTHIIEEN DT 2O
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2% 0, SHIHHIROERA RO REAERDILSH D
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(ZRP L, UPEEEHSE 0 240 4 MR, 5 MG 3
6 M, (4)H) BN LEZLND,

6. WA

6.1 BWETHICERETIHE
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RETE, WOPOHADS, 4F TO#®
WYL, 22T, MRNCEAR L HET A

2 (BICUREE - Wrke PR - O R - Wi A )
DFELWER Y, WEROB S S HM, e
Th, INSHET A7 L0OWHEL, HETIZN
SR 2 3D B (51~5.3. i) 12 X W RR U 7ze
[LRE R E MRS & 5 ik BILE 0 72 o ik
OWET, BRI & o TP S o R
GUBIIERE) 2L > T ET2E2TTH
b g L7z MR, TR R S e,
SHEBLUPH] THb, RinTld, ThozH
IS, PRLIERZ LS,

INHMBEWRICLDWED A D = A L EWET
572012, T TEMAETIV] BLOT 3EMRETIV]
EREEL. TEMETIVELT, HEMEL 1
AOEHE (NACE) THEML, ZIUSTFATRER
x e L7z, ZoREE (B)ER(45) L L,
KERYEHOHLAs ERaEDLE L. Ly
L, CSUY—Z7fi () $#u, 1HEMETILOM
EE OB LD Z v, BERKA 520831
72O ROFEAEE S 7z (5.3, (3) H)o

YT, FEEEY 3 ROEH (N1 - N2 - N3)
THEMP L, ZTIITFAT% 3EAMA % NIx - N2x -
N3x #iff (N50 - 30 - 50°E) & 35 3EMET IV %
E L7z B 1 EMETVERL ER (=
As) X L, M NixilB L 2 0EEM &
L7720 As Z O F Y fE o L [As] A5 N2
XM (N2x 8 b)) ISR 62 LIl b, B N2
X, —#f GESRHEECh 7)) — 9km [X )
MR T H L E 2 > T D (5.3, (3) TH),

As BLUAS 25 OMBEEDPIRMEIHEZ K
IZL722 8 kb, TNENOMERE As 7,
AS REMATWS, As" %22 F 1) N3x Bl Ei23
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FATIC R Do CSE— 5 1%, WH O EIX
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720 TNHDT ERD, A" IFEROHEIC
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TS S, - S B B S, 1, As B L UGHE
HIADHEIZH B 2 E0s, BEICEES & L7
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2 F D1000 m IZBIFBAMDEZENIL, AsS H5
55 % S3iK (S,) O, HENOBG- OB £
TEER Do $77, ASDHRT B S,1E, Tk
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B CS Hi# (Fig. 4b) 1&, # 7 3 — 9km (3
PHBE 9 ~12 km Afiti, PLFEMEOAR) TE—2 &
), TR L 5. 12 (12~15) km, 15 (15~
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DRLEAFEER 5 N2x Bl & W€ 20 S) 3 9E
BATTWIEHEE O (2201000 m ¥ T)
W&, FEEM AR 5750 (=1000-250) m & 7% B,
As A5, S,k bis, SEHHLTVwS, B
B IR O SLE O B FHEAREL (Fig. 8) 1, S3i
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X, 9kmAFEiZH B & L7z AS 5D, S1¥E(S)
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A5 (5.3.(3) ) o WFD M A5 LTI,
S DSHEHIANGH 9 4 PIlix 3R (5.3, (1) ).
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DFY, FA—WEEEZITL), sk R
T B YL - W B A4 L DTSSR T ONERLO— -
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Wk R O CSMEALAS, SWRRNEM %2 RS b o
»d 5 (Table 5). 5 M FHIKDERA)E TIL, P
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8)o L7512, PR#EEIED CS Y~ EA, Sk
BRI Ech b 2, PlDAtoERED
WENEZZHLND.

SVIEDBEE  [HsH 3o IR 1,
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1%, 9kmIZAEL, CSHIHEDOIRLFE L TH -
72 (32.(2) -52. (1) H)o LA L, EBRMEOR
KCSY—7flzRTAE (CSY—sAE] F
721k CS ¥ — 7 fili] & fif AL L T\ %, 5.3.(1) )
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