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FARINGX—=FAx(m) 3,485 10,745 6,008 8,752| 4,553] 7,128 6,928 4,089 4,2100 2,614 2,593 2,055/=0.4A,
X HhEEFHEFR(1998) : [ 'E'a‘EFi’é%a%O)WEE’J ES=1R
[ B EisoiE F B AT RSB M B O M T A(CRI T 2A55). Tk 9 EEMFMBIREE
WattsEN OB R CE D <HNERK I DHEFE LB e
_ g (0131) (T (bsing 125 1y 063
No 2o(M) 4.6 1.3 2.0 2.3 0.7 4.0 7.6 7.9 28.1 2.3 5.3 4.5 | = (a)<z)< p ) (z)
! X (AD)*%°(1.47 — 0.35(y — 1)) (y — 1)
w
No,30(M) 2.3 0.3 0.3 0.4 0.2 1.2 2.3 2.1 9.4 0.4 2.1 1.7 | Mo3p =MNo2p <—w+z )
0

Copyright © Chubu Electric Power Co.,

Inc. All rights reserved.

87




5 BEMTADORROITEFFOHFH 576 7EER1 -2

Watts(EFDDFRINICED S Fi& » 557
(TVEEORE (HEHCHITSLVEEONERSR) )

m WattsENOFRIRICE I ATHVS TR OEE L. tEFABM(1998)MAELEEHRO N OEMZRE CRIEREUR,
WRON VN | T B IRETA M
\ [ l--f""l | i | {I i | I | | |
—/{IJ/’: | i S | f J— ] Odawara s APEMIRIE | GH97-309 | 1.3 (g/cm?)
\‘ | I T A A o| BBM |GH97-307) 1.4 (g/cm’)
i [ (| | 5 GH97-306| 1.6 (g/cm?)
I Ty N 47 4+ -
35° 00N - j;g:g m— A iﬁ?ﬁ%% GH97-310| 1.3 (g/cm?)
ailionm el i | GH97-311| 1.5 (g/cm?)
. ! } | ma ls

¥ Hamamatsu g (FE9E) 1.4 (g/cm?3)

34° 30'N

34° 00'N

R REE AL
HERRYDEEIR SR DER ER 17
U J5IRRRBIED

33° 30N . . : BRI E
136" 30'E 137° 00'E 137° 30'E 138° O0'E 138" 30'E 139 O0'E 139° 30'E

DATEERIOREMIE (Ikehara et al.(1999) =& (C/ERR)

HhESAEFT(1998)
GHO7AB MU GAI7ATEBICHVWTAOREHRITT—(CLBFIRIRE. J 5T R CLEREBHRBYIDIRENE 2 U,
AKORBHRITT—CLBRBHIDOWTIE BN —HRICL D TEZREAELZRMUR . V5T ECELZHBHIDOVTIE, HIE - RIFHEM DT EE RAEUR,
BB ORBHRBYIODAIATICOVT, ABEMRIE ~BZ2° M IECIZEE O/ S U\ T ~ AR L ORI DL TWS. —75. HlRiEsEinNszoRmis (INRMEETND
BIRE) (CIZBEOAZTOERIFL I _E ORI PEEDLD LTS,
Ikehara et al.(1999)
GHO7# B R U GA 7AEB(CH VW TERERSN 2300 SR Dt B BT, BB NS B0 REBHEIEYI O DI DOV TTOFFEiFsR Uz,
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£767M&ER1-2

p.90FE15

m Watts et al.(2005)(. f2ZREUWatts@EhDFRIRICEIFENDZ L4z R I 218, Grilli and Watts(2005)DiBEH I RDZREEU fKIEIERY

EEROBIRMEZIRFTLTVS,

m Watts et al.(2005) T(I/KIBRARER#FBIR I 3128, Grilli and Watts(2005)D3EER(CA VWV IADADEARERIDZERE 1.85g/cm3% Watts(EFH\D

FAIKCAVWSEE LV TEEL TS,

= EUAMRELDEE (LBERM I NARDOEE L (IR BDIENS, BEMMIADAROEE DHTE(CFRU T, FUImXROMMHBLL CEZHER/NSX—59ZHAVSHEN

Do

]

LERAIES 3

KBS

I RDARDEFRE

from each other, near the center of the tank. A semielliptical slide
model [Fig. 5(b)] was built out of plywood and mylar sheets.
Melted lead was poured in a central cavity in the model, in order
to achieve an average density y=1.806 in the fresh water tank,
corresponding to pg=1.850 ko/m> in sea water of density
p,,=1,025 kg/m>®. The model dimensions were length B=1 m,
thickness T=T,,,=0.052 m, and width w=0.2 m. Four plastic
wheels, with water-sealed bearings, were installed at the bottom
part of the model (black cylinders in the picture), to provide for a
smooth sliding down the slope, as frictionless as possible, about 2
mm above the slope. A microaccelerometer was embedded at the
model center of mass and inclined perpendicular to the slope,
with its controlling cable exiting through the back of the model in
order to record center of mass acceleration during experiments.

HIRDDEERFE (Grilli and Watts(2005))
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m Watts et al.(2005)DH1/14%ERC,. 4300

EERES
He

0.0.Cm=1.0]. SlideBZT(IX[Cd=1.0. Cm= 1.0Jt STESND,

RERC,, (3 HIIARDAZRE (SlumpZUFEfz(ESlideR?) (CEDEFHEIDILEINTHD. SlumpELTEICd=

SlidefY

Slump#!

BIERIIAD

(Shanmugam(2015))

/-“l:a
//l_:\

EDAA—

e

For slumps, shear stress S, along the failure plane may be as-
sumed to remain constant during motion (Bardet 1997). Defining
A,=wb, the area of the failure plane projected on the slope, we
find

4b
C =5 17
" “wB(p,—p,)Tgcos B 7

with b/B=C/C" a function of &. Due to the small angular rotation
of slumps, the influence of fluid dynamic drag and angular non-
linearity on center of the mass motion are often negligible [these
effects could be evaluated from the exact solution of a damped
oscillator; e.g., Nayfeh and Mook (1979)]. Hence, specifying
Cy=0,5=R(P—d;) and sin § =—sin P =—P, the linearized Eq.
(11) becomes

(T+Crrr)S:(?_]}(SiﬂB—CHCOSB}g_Cd_le (11}
™

We select constant values of y=1.85 and the dynamic coefficients
C,=1,C,=1 for slides and C,=0 for slumps. We assume C,=0

for slidesfexcept when comparing results # laboratory experi-
ments, and nonzero values for slumps. For the ramp-up and de-
celeration jof both slide and slump motion, e use x=0.02 and
f=0.1 (seq Appendix).

(Grilli and Watts(2005))

5 H

EXIEAE

SlideB! Slump#
IHIIEEFAECh=1
O RECa=1 HLIMRECa=

= E'Fﬁgﬂlcm— 1

mARER (Ca)

0.0 (SlumpZ#Y)

1.0 (SlideZY)

IINBERE (Cn)

1.0 (SlumpZ#Y)

1.0 (SlideZ

Fig. 5. Laboratory experiments for 2D slide over §=15" slope: (a)
experimental setup for submergence depth d=d,.;=0.259 m, with
four capacitance wave gauges; and (b) semielliptical plywood and
mylar slide model with B=1 m, T=T7,,/=0.052 m, w=0.2 m, and
lead weight (at center) to achieve y=1.806

HIRDDEEREKE
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m Watts et al.(2005) DR/ X =K' (& FIRR/KALEFZOREKALICHT U TEREKAIZRDDINTA=FTHD. Grilli and Watts(2005) TEMELIIKIE
REIEERRDIERE(CEDIERTEI DUN TEHEEN D,
/=, Grilli and Watts(2005)D7KIBAERIEERNS RE B HRKNTETE DR S KA BARKAIOLE | N o/ Noin | (£0.6~1.0T&HD, ZNHSREBK'(20.86
~1tETEEN3,

B 2T KOREMBEICDOWVWT, Grilli and Watts(2005) DEMAEE TOERIGR(CEDE. RFHICK = 1ERTE U,
BB, Grilli and Watts(2005) Tl i IADKREL TEREEL Z FHWVTO/KIBIREVEER Z1ToTHN. —7 . EIRKREL TSI RDANEURNSTRENMAANTE
REZZRHSMIRDIRRINER T D L% E X D8 PIHKADEF. DREKAERABRKAIIRTFHSATEINZEEZBN S,

0 ( EKAIEAOTEEST (Watts et al.(2005)(CE <) R
1.5 K'=1 g, -
o K FRERIOKAICI TS FRIDKAIOLERDHS) (5%~
o 1.0
Cd 2 2
S0 = M0 g (Y00 [ (20 _ex |_(xzAx =%
Lo 1) = i EFYANES B P 20
= A
-0.5
FKAT TR 7K _E SR
1.0 DIKRISITRORELD DIKRTSI RO ETE
1.5 Ny » PHIZKADERS 0y @ IRIBZBRCEIADER/IME  x, yo : IS ADARO T LOYEAALE
0 1 2 3 4 5 )
X/Ao \Jo K FARIGA=Y (1=3)  Ax : FERI(SA=F (= 0.4),) Y,
(Watts et al.(2005)(CEDEERK) - N
e R N ) Grilli and Watts(2005)Dit g RDEERERD
AR/ SA=TK DBV S SHAKALI TROZAE LR/ FREAKALLEN g/ N+ EAUCEIEEHENBIAR) (54— 5K’
T— Nmax Nmin | Nmax/Nimin | K’
a 0.0030 -0.0030 1.0 1.00
b 0.0035 -0.0045 0.8 0.92
c 0.0050 -0.0060 0.8 0.92
d 0.0055 -0.0075 0.7 0.90
e 0.0060 -0.0085 0.7 0.90
: f 0.0075 -0.0120 0.6 0.86
— e g 0.0085 -0.0140 0.6 0.86
Grilli and Watts(2005)D7/KIBARELIZRER(CH TS h 0.0095 -0.0170 0.6 0.86
yBEH IR EAIEE i 0.0150/ -0.0210 0.7 0.90

(Grilli and Watts(2005)([CEDZE/ERR)
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used for the numerical simulations. Tsunami data were
collected at four points (1: Makurazaki, 2: Ei, 3: Nejime, 4:
Tachibana Bay). (b) In the numerical simulations, pyroclas-
tic flows are generated from a circular source of 4 km radius
in the center of the pre-caldera island.

Figure 1.
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Table 1. Parameters for Numerical Calculations of a Pyroclastic
Flow Entering the Sea®

Tsunami

Pyroclastic Flow Location | Location 4

vy Dinae T Mo e U Us,
Models km® m’/s s m m m/'s m/'s
Model la 10 1.OE+08 157 23 2.0 0.8  0.033
Model 1b 10 5.0E+07 314 15 1.7 0.7 0.029
Model lc 10 2.0E+07 785 15 0.8 04 0016
Maodel 1d 10 LLOE+07 1571 8 0.5 0.2 0.008
Model 2a 5 LOE+08 79 17 1.5 07 0029
Model 2b 5 5.0E+07 157 13 1.3 0.6 0024
Model 2¢ 5 2.0E+07 393 11 0.8 0.4 0016
Model 2d 5 1.0E+07 785 10 0.5 0.2 0.008
Model 3b 3 S.0EH07 94 11 0.9 04 0016
Model 3¢ 3 2.0E+07 236 9 0.7 03 0012
Maodel 3d 3 1.0E+07 471 8 0.5 0.2 0.008

Omax. maximum volume flux; ¥, volume; 7. duration; 7y, maximum

wave height: Uy, depth-averaged velocity: Us, shear velocity. Duration of

calculations is set to be 2.3 hours for all models.
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Figure 2. Computed maximum heights of the tsunami with all models at (a) Makurazaki, (b) Ei, (¢) Nejime, and
(d) Tachibana Bay. (¢) Comparison of tsunami waveforms with different volume flux (models 1a, 1b, and Ic). Time in the
abscissa 1s in seconds. The waveforms are computed at the Osumi Strait (See Figure 1).
tsunami at Tachibana Bay. (u: x-direction; v: y-direction)

(f) Depth-averaged velocity of

om >18m
L eeE—

Dense component of
pyroclastic flow

Figure 3. (left) Results of numerical calculations of the
dense component of a pyroclastic flow entering the sea and
(right) tsunami generation, using model la. Left-side figures
are magnifications of the caldera arca. Numbers in each
figure show minutes from the start

Z1L—23> (Maeno and Imamura(2007))
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Fig. 1. Experimental setup.
Fig. 2. Series photographs of debris flow.
HIARDCLZERDEFRMIE (Kawamata et al.(2005) )
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AEFRH(m ™ s)
0.40 0.2 0.1

Kawamata et al.(2005)
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