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Spatial distribution of volcanic blocks, as well as landing distance from a crater, landing
angle and diameter of the blocks has been well investigated on and around the crater in cases
of the 1938 Asama and the 1977 Usu eruptions by some researchers. Then, this paper repro-
duces detailed kinematic aspects of the eruptions so as to interpret the above-mentioned field
data, on the basis of a generalized ballistic equation of ejected volcanic blocks proposed by the
present authors. Calculations are made for combination of various parameters, such as air re-
sistance to the blocks, direction of the wind, orientation dependence of the initial velocity and
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so on. The observed wind velocities are referred in the calculation. Comparison between the
calculated and the observed results leads to the following conclusion:

(1) In the 1938 Asama eruption, the distribution of volcanic blocks shows that the direction
of the explosion principal axis is due east (N90° E) and its inclination angle is 30°. The angle
dependence of the initial velocity (M = 1.5) is almost the same as that in the Sakurajima vol-
cano. (2) In the 1977 Usu eruption, direction of the explosion principal axis is N170° E and
its inclination angle is 20°, and the angle dependence of the initial velocity is large as much
as M =5.0. (3) The air resistance to the blocks is estimated as about K, = 0.5 in both the
eruptions. This value is valid in other volcanic eruptions because the air resistance seems to
be same everywhere.

I. IL®IC

$ARS (2007a, b 2008) OWFZEDELHIE LT, MHAEROO A, HHEERS i, Hit

HEREDT —FNZ 5> TND 1938 FXHEIAKIIEAB LT 1977 FHRKILEAITDONT,
B A D21 7= 22 R PTE, B FMOEE, BHEELIKFEOEEWREITDWTEILE
A D. a8, HAORLE, BERREFHARS (2007a, b; 2008) LLFTH S, EiAm
CHTL 2 T—BHET V), TREEEGKGFET IV, WEEERIKGEET )V BLY
TR AR TT - ERKTFET IV 1, FERICEARS (2007a, b 2008) ICHBVWTERS
NTn5.

O. &KL 1938 FEDHHKILAESE

1935 £ 5 1941 £ ORICEMAILIZEBNT, 300 [ELLEOBERENFEA L 208, ZOH Thi
HIHE /2 19354 4 H 20 H, 19374 4 A 16 H, BXU 19384 6 A 7 HOBFETHEHL =
KIEBIZ DWW T, Minakami (1942) 137 T2 OO LT ETT> Tnad, HTH 1938
£6 0 7T HOBETHEHLAKIEIZOWTIE, % FREITEROEAEDI T 25
BOR/NERET EOBTERERNHE I N TS, Minakami (1942) @ Table XTIZi#k ST
WAMEL, ARLOFRMNSEHFHMEMREDAETH 2 ZENMNDDT, REOMER 10 F
EINE U725 O T DEMMAE /2D, £z, EEKLOE R ZE D < TEWw
KOBETHENTBD, HAITAKENSHK 50 L L, FEHITH 70 ELL EOAE TR
ABWTRTUL, EANKOBEOANKHEINS Z &3z, (65T, ERAINTBWTIRAIL
FROSMAEITHT 5 ZORRIIEETH 2. AwmTOD 1938 £ 6 H 7 HEM ORI 2>
TiE, Minakami (1942) @ Fig. 19 IR SN TV D /NEM O 0 DENTN S MhD, EHiAE
DFFERT, EWMOMIBOMEIT N EHED T Z EICT 5. ZTOMMTITHZ>TH, HlimTTILIC
KD 5D, MOEFRE A AN ENERED TP <.
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1. EBALICHIFS 1938 £ 6 A 7 BOEDIE

B K ULCESLDOfEITIC S 72> T, BOBOFEE AMEO L LI3HERETHS. 1938 F 6
H7HORDEZELTIE, %UH 10 FOEHICBIT2EBAROT—4% %6 &2, EEXILO
KO 2,200m, AHBEEBESE, BIOGHEAEE (>1,300m) 2E2EEL T, &
& 1,000m~4,000m [ OFEE S E LT (U, = 10.2m/s, U, = —3.5m/s) ZFHTICHANS.
U3)E FEGEDHREE LD TH O, U 3)E FEED LM E D Th 5.
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d3) &R, Fig. 1ITRLZ. #8AKS (2008) @ ki ET)V) T, Minakami (1942)
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1.2 ; — 1.2 , . —
o Hinsian (192 o o Wirakan (1942 P
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Fig. 1. Solid circles show the observed diameter of Fig.2 The same as in Fig.1, but for an 'aniso-
blocks as a function of landing distance in case tropic initial velocity model' (Suzuki et al.,
of the 1938 Asama eruption (Minakami, 1942). 2008). Maximum initial velocity of ejection
Eastward component of 10.2[m/s] and south- V. max and K, are shown in the figure. The
ward component of 3.5[m/s] are the in-situ azimuth of the explosion principal axis (no-
wind condition. Other symbols show the calcu- tation B1is used here-after) 8= N90°E, incli-
lated relationship based on an 'isotropic initial nation angle @ = 30° and angle dependence
velocity model' (Suzuki et al., 2008). The in-situ parameter M = 1.5 are assumed.

wind velocity is used in the calculation. Coeffi-
cient of the air resistance K, and the initial ve-
locity of ejection V, are shown in the figure.
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R, TOHERESMFOS & TR/NEIIRZ kD2, 0 HEEAMEKEET IV ITH
WTIE, BFEENT NI°E (EH) AW O =30°E L, AEKEFENTA=FIIM=15<&
L7z (Fig. 2). 2O THHEEGAKFEETT IV T Minakami (1942) @ Fig. 19 Z#iHL &
HETHE, FEHTRULEK, =03, V.. =22m/s BEUK, =02, V... = 217m/s i
DEME/RS, ORI BT TIVIC X B MITHER & KER N,

(o) THHEEAMIKTF «- ERIERFEET V] (K B8HT

AR OESTIY R K, B c 12 AT, ASLORKRIERRD 4,500m &725 58O H)#
BESRMEV, g 23R, T OHHE J#fo:@%)aﬂm@jwa%ﬁ@u Hidk % BRE 2 kD T, Fig. 3
WRU7z. 2O TRHGEE KT - BRIKGFETIV) B0, BREEHOBREL, Fio
MR AR FET )V [FRRIC, N9O°E (EH) A O =30°&L, MEKE/INT A—F
EM=15 &L/ ZOEFIVT 3,000m FHID d = 0.2m /J\%%%éﬁéﬁﬂtlﬂ%%m%%ﬂﬂ%ﬁ
1%, K;=0.3, Vgun = 266m/s TH DA, KRNI Minakami (1942) 5—4 ZZTHHL T
W50, Fig. 3ITBWTHEMRTRLEZK, = 0.7, Vgun = 33Tm/s BELUK, = 0.5, V, qin =
298m/s TH 5.

LE Mlnakam|(1942) S
Ké=1. 0, Vodnin=395m/s . \
Kd=0. 7, Vodnin=337m/s DR
--------- Ke=0. 5, Vodmm—298m/s
TH - Ke=0. 3, Voanin=266m/s 3
E 0.8 |- B
=
8
f 0.6 - -
5
&
8 . R . .
ool Fig. 3. The same as in Fig.1, but for the 'anisotropic
initial velocity + diameter dependent initial
) g velocity model' (Suzuki et al., 2008). Initial ve-
0.2 : R S ] locity of the minimum size block V, ., and K,
: are shown in the figure. § =N90°E, @ =30°,
0 \ i 1938 Asama angle dependence parameter M = 1.5, interme-
0 1000 2000 3000 4000 5000 diate diameter parameter d,, = 1.5 [ml, diameter
Waximum landing distance (m) dependence parameter N =2.0 are assumed.

3. EROETAE

Minakami (1942) 2B W TEMMAENRE S N/ZABIT, d = 0.52m, 0.65m, 0.74m @ 3
fE/2DT, d=0.5m, 0.7m OAEBITDNWTHEHIEREE B AEORR (BIF [35H A iR
EHT %) 23R Minakami (1942) OF—4% &bzl /=,

(a) T—HEHMHEETIV] ICK BB

2. RINEROSTHREIT (a) THREHER-> T, =0.3, V,=220m/s, BELULK, =02, V,

= 212m/s DWTNOFEMAEIRES, FRHEAL 1938 FAHBOBE FAEDTF—& L REL B
%2 &M, Fig 4 ITRENTND,
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75 - . 5 - .
5 MF — 3 M 1
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2 6o L | ¥ Minakanitd=0.52m i E 60 || B Minakami:d=0.52m ]
- (O Minakami :d=0. 65m : = (O Minakami :d=0. §5m
N Minakami:d=0, 74m : & Minakami:d=0. 74m
Ki=0. 5, Vo=238n/s, d=0. T Ké=0. 5, Vonax=244n/s, d=0. Tn |
Kd=0. 5, Vo=238m/s, d=0. 5m { : Kd=0. 5, Vorax=244m/s, d=0. 5m
55 || -—-- Ke=0.3, Vo=220m/s, d=0. Tm |+ 7 55 1| -— -~ Ka=0.3, Vonax=225m/s, d=0. Tm { N ]
- - Ke=0.3, Vo=220m/s, d=0. 5m { : -~ Ka=0. 3, Vomax=225m/s, d=0. 5m :
--------- Ki=0.2, Vo=212n/s, d=0.Tn | : +ereenee- Kd=0. 2, Vomax=21Tn/s, d=0. T
~Ka=0. 2, Vo=212m/s. d=0. 5 - Ke=0. 2, Vomax=21Tn/s. d=0. 6
" 0.2 Vo212n/s. d=0.50 | - {938 Asama 5 0.2 Von=21Tn/5. d=0.6m| 1938 Acama
2000 2500 3000 3500 4000 4500 2000 2500 3000 3500 4000 4500
Landing distance (m) Landing distance (m)

Fig. 4. Observed (three large size symbols) and Fig. 5. The same as in Fig.4, but for the aniso-
calculated landing angles as a function of tropic initial velocity model. K, V, ... and d
landing distance. Calculations are made for are shown in the figure. ® =30° and M =1.5
various K,;, V, and diameter of blocks d, are assumed.
based on the isotropic initial velocity model.

80
75 - 8
g M
5
3
%’n 65 e [RUNTRPR |
s
2
b P71 Minakami:d=0. 52m
5 80H 5 Hinakani d=0. 65n b
N Minakami :d=0. 74m
~——— Kd=1. 0, Yodnin=395m/s, d=0. Tm
Ke=1. 0, Vonin=395m/s, d=0. 5m
85 [ -=-~ Ke=0.7, Voumin=33Tn/s, d=0. Tm e i in Fi i i
T T i i Fig. .6..'I.‘he same as 1n.F1g.4, but for the aplgqtroplo
--------- ﬁa=g. g zodminiggm;s, 33. ;m initial velocity + diameter dependent initial ve-
o - KRd=U. 5, ¥odnin=, m/s, . om . .
50 — 1938 Asama locity model. K, V, jnax and d are shown in the
2000 2500 3000 3500 4000 4500 figure. 8=N90°E, ©® =30°, M =1.5, d,, =1.5[ml
Landing distance (m) and N = 2.0 are assumed.

(b) MAEEEAMEKEET V] ICKB@IT

TR E H AR BT V) WK BMTRER%Z Fig. 5 1ITRT &, Filo T—HHET IV
IR EDITPRYEINTNDA, 2. INEROSTET (b) TREHEA-Z, K, =
0.3, Vo = 225m/ls, BIUK, =0.2, V... = 217m/s DT 31D 35 £ i & Sl
1938 FEEBLDME FTAEDT —% ENRVRIRD 2 Enbh 5.

(o) THHEEREALIKE - BERIEKEETIV] (K B8HT

2. RINEBRDOSTHEN (o) Thwisaol, K, = 0.7, Vgum = 337m/s, BXU K, = 0.5,
V, qmin = 298m/s DIES A E MR Z Fig. 6 IRz, Zhsidzndhnsd, I—HErEETIV)
R HGEE G AR GFETT IV OfFEER/LD, Minakami (1942) OF—4% K0 KELHEE
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RLUTWS, ZoOFEMAZIRIZMHNICEAED LEZ2/RTDT, K, = 0.7, V4 = 337
m/s, BEUPK, =05, Vg = 298m/s \3H J7afEmiE L THED.

4. EROHTHEE

(@) T—#MEETIV] (CL B8

Fig. 1 TBWTEHTRLEZK, = 0.3, V, = 220m/s BT DEE 1m A0S0 1
BARERREE K LAEDDONFig. 7 TH S, [—HBIBET IV RO T, KOEDHBHE L
FGENFR (U, = 10.2m/s, U, = —3.5bm/s) MEFITEBR I AEICHTHN TN S,

(b) MAHEEAMEKEET V] ICKB@IT

Fig. 2 ICBWTEBRTRLEZEK, = 0.3, Ve = 225m/s SAEITHBIF 2EE 1m GEBLO S
filh % Fig. 8 I\ U7z, TiHEE G KEET V) KX SBIHEEEOMELR (N9O°E J
120 =30°, AEKEINTA—% M =1.5) NHEICHN AR MEERL TN,

(o) THHEREALIKE - EREKEETIV] (K B8HT

Fig. 3 ICBWTEBRTRLEZK, = 0.7, V,gun = 33Tm/s, BLUHIWVEIRT/RLZ K, = 0.5,
V, amin = 298m/s AT BV B EM il % Fig. 9 \OR Uiz, BB Z2MHm T 2 0I3EE d
=0.7m~0.8m DA TH 2. —HHET IV BEY TRHEEEAEKEETIV) EREL
BR501F, INEDKREREMDBETCIOERSMHOPIZEMT S ETH 5.

(d) RIUBDO—HEL LIcamHICDINT

Minakami (1942) THESINTWS 1938 4 6 A 7 HIER O KIIESLOMMEIL, OB X
OKUZEBI I & i U T2 O—HAHITK 1,000m HZEH L 2R REL TS, 20

5000
4000
3000
2000

1000

Distance from the crater (m)
Distance from the crater (m)

240

——| —— Asama1938 (Minakami, 1942)
1938 Asama . || Ka=0. 3, d=1. 0. Vomax=225m/s
Asama1938 (Winakami, 1942)

Ka=0. 3, d=1. Om, Vo=220m/s 210 150

180

Fig. 7. Distribution of observed volcanic blocks Fig. 8. Distribution of observed volcanic blocks
for the 1938 Asama eruption (thick solid for the 1938 Asama eruption (thick solid
curve) is compared with that of the calcu- curve) is compared with that of the calcu-
lated ones for the isotropic initial velocity lated ones for the anisotropic initial velocity
model. model. B8 =N90°E, ® =30° and M =1.5 are

assumed.
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HEDOFHHDO—DE L TikA=b D%, Fig. 10 IR L7, ZHUd, Fig. 8 ITmRUL 7z [ E
TR EET IV (K, = 0.3, B TEHEI NIO°E S © = 30°, M = 1.5, V... = 225m/s 5§
) 1TBWT, NIO°E HHARHE L2 EERN d = 1.5bmT, o H Rl S 7z a8
TRTEREN D =05m THoZEHELLSGEOERSMRTH 5. FHEMBRISHERERE K
<AL TV, Minakami (1942) 13451 22 LT 2 X5 2Bl D, SFT2LD
EENEER S LTy,

0 0
T 5000 7 500
B 4000 & 4000
; 3000 ; 3000
§ 2000 & 2000
g 1000 € 1000
2 o 9% & o %0
240 240
Asama1938 (Minakami, 1942) Asamal938 (Minakami, 1942)
---------- Ka=0. 7, d=0. 8m, Vodnin=337m/s --=------ K¢=0. 3, d=0. bm, Vomax=225m/s
1938 Asama -=- = Kd=0.5, d=0. 7m, Vodnin=298m/s 1938 Asama 0° E:d=1.5m
210 150 210 150
180 180
Fig. 9. Distribution of observed volcanic blocks Fig. 10. Comparison between observed distribu-
for the 1938 Asama eruption (thick solid tion of blocks (thick solid curve) and a pre-
curve) is compared with that of the calculat- ferred model based on the anisotropic initial
ed ones for the anisotropic initial velocity + velocity model. In the model calculation, di-
diameter dependent initial velocity model. ameter of block (d) is assumed to be 1.5 [m]
B=N90°E, ®=30°, M=1.5,d,,=1.5[m] and in the N90°E direction, while d =0.5[m] in
N =2.0 are assumed. other directions. 3=N90°E, © = 30° and M =

1.5 are also assumed.

5. B 7.5m DEXEHR

Minakami (1942) IZHBWT, 1938 £ 6 A 7 HIEFEKF O KILERE LT, BFKONS
FA S 300m i IZP T L2 ERE 7.6m ORE KGO H 5. ZOEKEHZ K7 LN
RILEICE R LA ER CBRANS MK DD EMRL T, M52 &zilAr.
Minakami (1942) @ Fig. 19 ®F —4% ZLEICH T 2 AWERD FREL, 300m HiSOE
®7.5m A E FIRE LT, THHEE SR - BRIKFET V) ITX D277,

INETOMYHEEN S, BRI EZ KENTHMTERM4E LT, BREEWAERIC O
= 30°MHE, AEKRENTA—FINM =15 ODEFINENEZINTNWS, ZhzbEizLT,
(EEEEIKEET IV OINT A—5 hikifE d, EEREE/INT A—45 N O A A DB G
ZRUHIT L, Fig. 11 (a) 1THEHERE S EBREROBR CLF Ta/h - BRESHIR) S
T5) Rz B/NEBERICGRWEEZRI DN T A =413, ZELEVORK K, ETH 5.
Minakami (1942) O Fig. 19 57 —#% Z#HHAT % K, 13 K, = 0.3~0.5 TH VD, 300m M
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8 —————r———— [ Winakami (1942)
O - = - = Ka=0. 3, dw=Tm, N=2. 0, Vonin=230m/s
NG e Kd=0. 3, dn=5m, N=0. 7, Vocmir=280m/s
L A N : Ké=0. 5, di=5m, N=0. 7, Vounin=300m/s
6 - -
£ s J
x
8
= 40 i
“
13
g
% 3 B
5
=
2+ 4
1 4
0 1938 Asama ; -
0 1000 2000 3000 4000 5000
(a) Maximum landing distance (m)

Fig. 11(a). Large hollow squares show relation-
ship between the observed diameter of
blocks and landing distances in case of the
1938 Asama eruption (Minakami, 1942),
while other symbols show the calculated re-
lationship based on the anisotropic initial
velocity + diameter dependent initial veloc-
ity model. 8 =N90°E, ® =30°and M =1.5
are assumed.

9 4 1 MWinakami (1942)

-=-= Kd=0.3, dn=Tm, N=2. 0, Vodnin=230m/s !
--------- 0. 3, dn=5m, N=0. 7, Vodnin=280m/s '
Ka=0. 5. dn=5m, N=0. 7, Vodnin=300m/s !
]
i
1.5 - i
€
=
8
P 4
s
2
5
5
2
0.5 |- -
- [j@
0 1938 Asama ; ; i
0 1000 2000 3000 4000 5000
(b Maximum landing distance (m)

Fig. 11(b). Lower part of Fig.11(a) is magnified.

DER 7m A EHHE RS d,, Eid d, =5m~Tm TH 5. Fig. 11 (b) & Minakami
(1942) O Fig. 19 ITHIET BN ZIR L TRLIZT T T TH 2.

Fig. 11 (@) ITRLENTA—F A EDE SHMED B MAEZ, Fig. 12 (a), (b), (o)
IR U7z, i3 &HAIC BT 55 MAEO EIREZRT DT, Fig. 12 (a) OfAGHE TIEH
BAS M 2w 72 S 720, Fig. 12 (b) 13 & <imizl, Fig. 12 () ZFT WL TWD I EHS N

ThH.

8 : ; —

75 . e .
3 70 - 4
-3
3
°
2 65 4
s
¥
5 :
5 60 - UV R . . -

W Winakami:d=0. 52m
(& Minakami :d=0. 65m
55 | [ Minakami:d=0. 74m B
—d=0.5m
--------- 4=0.Tn
50 ! i ; 1938 Asama
0 1000 2000 3000 4000 5000
(a) Landing distance (m)

Fig. 12(a). Observed (three large size symbols) and

calculated (other symbols) landing angles as a
function of landing distance. The observed data
are obtained for the 1938 Asama eruption. Cal-
culations are made for diameter of blocks (d),
based on the anisotropic initial velocity + di-
ameter dependent initial velocity model. =N
90°E, ©=30° K,=0.3, M=1.5,d,,=7.0lm], N=
2.0 and V, g1, = 230 [m/s] are assumed.
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80 {47 T T 80 T

75 : . 75 - -
3 Tr E g W0Fo- -
g H
o © i
B E gss— . e A —
g ¥
35 35
5 60 . e 8 g0l R

¥ Hinakami :d=0. 52m P Minakami:d=0. 52m
O Minakami :d=0. 65m O Minakami :d=0. 65m
55 1 Minakami :d=0. 74m S B 55 || O Minakami:d=0. 74m B
——— d=0.5m ——— d=0.5m
--------- d=0.7n e 420, T
5 ; ; ; 1938 ;Asama 50 ; ; ; 1938 Asama
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
(b) Landing distance (m) (¢) Landing distance (m)
Fig. 12(b). The same as in Fig.12(a), but for d,, = Fig. 12(c). The same as in Fig.12(a), but for K, =
5.0[ml, N=0.7 and V, 4, = 280 [m/s]. 0.5, d,, =5.0[m], N=0.7 and V, 4, =300
[m/s].

Fig. 12 (b) IZHIHT HEE 1m & 0.3m OEWHTMEZE Fig. 13 () ITRLU &, A ILEN
BRI OSSR 0 MAMOEOHME LT, ZOHMICOARERE 1m i
BAB S 728, AN 0.3m OGBS KRS Nz EDIRET, Ak E Gk L
Fig. 13 (b) IZ/RL7z. Fig. 12 () ITHIET B1EHZE, FEKIZITW Fig. 13 (0), () 1ITRL .
I 51T, Fig. 12 b)), (0) WWRLENTA=FHAEE 2 MAHET S, ER 7.5m OEKEHO

30
Asamal938 (Winakami, 1942)
Kd=0. 3, M=1. 5, dn=5m, N=0. 7
N9O° £:©=30" , Vodnin=280m/s

5000

4000

3000
2000

1000

Distance from the crater (m)

Distance from the crater (m)

90

240

1938 Asama 1938 Asama
210 150 210

(@ 180 ® 180

Fig. 13(a). Comparison between distribution of Fig. 13 (b). The same as in Fig.13(a), but for that
observed volcanic blocks for the 1938 Asama diameter of the block (d) is assumed to be
eruption (thick solid curve) and that of the 1.0[m] in the N90°E direction, while d =0.3
calculated ones based on the anisotropic ini- [m] in other directions. 8 =N90°E, © = 30°,
tial velocity + diameter dependent initial ve- K,=03, M=1.5, d,,=5.0[ml, N=0.7 and
locity model. B=N90°E, © =30°, K,=0.3, M V. amin = 280 [m/s] are also assumed.

=1.5,d,=5.0[m]l, N=0.7 and V, 4., =280
[m/s] are assumed.



28 WA K- BOEE WE(E - T ORI KR DL - BIK W

0 0
T 5000 - Asana1538 (W inakan, 1942) T 5000 330 o 30
N =0. N [ Rsepalsa8 Oinaiani, 142
N s o < = ‘
g o § 4000 - H NOO" B ©=30°" Voumin=300m/s
5 o
o 3000 2 3000
£ 4
§ 2000 E 2000
£
@ 8
g 1000 £ 1o
- w
G k]
2 o B w

240

1938 Asama 1938 Asema

210

© 180 @ 180
Fig. 13(c). The same as in Fig.13(a), but for §= Fig. 13(d). The same as in Fig.13(c), but for the
N90°E, © =30° K,=0.5, M=1.5, d,, =5.0 diameter of the block (d) is assumed to be
[m], N=0.7 and V, 4;, = 300 [m/s]. 1.0[m] in the N90°E direction, while d = 0.5

[m] in other directions.

800 - 330 | ——Brink of the crater
- === Ke=0. 3, Yodnin=280m/s
--------- Ka=0. 5, Vadnin=300m/s

Distance from the crater (m)

Fig. 14. Thick solid circle shows the observed dis-
tribution of big volcanic blocks (d = 7.5 [m]) for
the 1938 Asama eruption, while dotted and
dashed circles show the calculated ones based
on the anisotropic initial velocity + diameter
dependent initial velocity model. 3=N90°E, @
=30°, M=1.5,d,,=5.0[m] and N=0.7 are as-

180 sumed.
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6. ERXI 1938 FEABITOE LD
EREAKILIZ BT 2 1938 MK OFNTEEMN S, EBWOMEERENTHAT 4L T,

BRETEANTITERIC 0 = 30°HE, HO5 (1983) 23#HE L T A KILNTHT 5 kL
&I?JETE@&JTE{K?%M =15 Zfio AT SN D, £, KOEE RIS Ehrz
EXREM (BEFR 7.56m) OBMZILBIZOMT 25/NGM - RKAEREFEEL 21 X2 MTkD
%@&{Eaibfﬁﬁﬁbtfé%& LT, ZESIRPiRE K, = 0.3~0.5, FAEKENT A= % M =
1.5, FRIE®R/INT A—F d, = bm, BEEKE/NTA—F N =07, B/NEFOIEEL V, qmin
= 300m/s TH 5 EHEEL 7=,
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M. BERKI 1977 FEOMEXILESE

Katsui et al. (1978) 1%, AEkAIL 1977 45 8 A 9 AMKDERIZE 4 KOS HHEI Nk
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Lo TOLBHNDDT, HiKiEN (2007b) ITBWTIE, I OZEEIT IR IR 2 25 £ FE 1w b X
BT DEAFEE (EE 0.7Tm~0.8m) [T dT2HDELT, K, = 1.4~1.6 ZitXIlE
WO K, s L TH|EL Tha,

BRI 1977 FRK OB OB AIKICDWT, Katsui et al. (1978) ICHESINTWD A
B At 3 K D EEE N RIZHE 2 SN NICHE b 5T, BERICHUZEZ L Tns, Sl
DAERD Z DR MIIBIICIERT 5 &, M4 2> Td THGEE AR ET )V ORI
RpBEIRW, £, T 5EMERD LR FRERTT -5 bHDHDT, HIEEERKTFE
TV BIFTERN, Laio T, AL 1977 R KILESLOMRITIC 2 7= > TIZEAN 5
TR G RAKTF - ERIRGEET )V ZHWTHEN 217 7=

[J Usw1977
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Fig. 15. Comparison between distribution of ob- Fig. 16. Diameter of blocks as a function of land-
served volcanic blocks for the 1977 Usu erup- ing distances. Large squares denote the ob-
tion (thick solid curve; Katsui et al., 1978) served data (the 1977 Usu eruption), while
and that of the calculated ones for various in- other symbols show the calculated results
clination angles of the explosion principal for various inclination angle of the explosion
axis (@) and initial velocities of minimum principal axis () and initial velocities of
size block (V,4.m). Westward component of minimum size block (V4.:,) based on the
2.6[m/s] and southward component of 1.3 anisotropic initial velocity + diameter de-
[m/s] are the in-situ wind condition. pendent initial velocity model, 8 =N170°E,
Calculations are based on the anisotropic ini- K,=10, M=5.0, d, =0.9[m] and N=2.0
tial velocity + diameter dependent initial ve- are assumed.

locity model, considering the in-situ wind
condition. 3=N170°E, K,=1.0, M=5.0,d,, =
0.9[m] and NV =2.0 are assumed.
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5T, AHRALDOKOEE 360m &5 i@ EE2EE L T, &E 0m~1,300m H D
$ﬁ@pﬁka(@:AQﬁm&l&Z*L%m)%%ﬁ:mwé.MTu%ﬁ@iﬁyﬁo
TRk %,

2. BEROSHBOBNT

HERK 1977 FHUK DERDMRARDMAERL, [ FEMER AT 2,070m THHDT, 1§
FEHOMEE S L2 N17T0°E &L, 25 m#%&ngqot &, THHEE SRR ET
V) OEEKRENT A=Y ZEM=5 LT, FMOMEZ O =20°, 25°, 30° AL
BORHHDOHIRE Fig. 15 1R L. BREMOMEE 0 2 K& < T HUTEB ko ik
720, FEFRFCTKOEEEOS MRS, ZOREOR/N - I AaEBIf % Fig. 16 IT/RL
. BB Z 2, MONT A= ZEEL TIBAEMOBESAEZE(IETH, &/ - &
KREBMAIIZEAEELIBENWZ ETH D, £z, TONTA—YOMAEDE Tldk/NabE
DifixEdHED RSFHHRZW, ZONT A—45 DA EORICEK 2 EH A E IR ZE Fig. 17
(@), ), @© WrLAE MBETIEHEMMAEDOT—21E, HEKI 1977 F£EKOKHEAERO
EMAENTEZHIEORBORBE LN ST o2dDTHS. ZOME, HMAEEERT 13 [
THBM, FRAFICEHERNIESINTWEZDOIEZZDOIED 6 HTH>7=. d = 0.2m OFHIAA
JEHiFR & d = 0.6m OEHIAERIARORIC 2 TORIE T — & DT ADRMNE, 1B E#D M
130 =20°L0=25"DEPATHD I ENDND.
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H X =2 X e
m 1977 Usu | i ; L | ——d=0.6m w0 ‘ 1977 Usu, ‘ L ¢=06m
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(@) Landing distance (m) () Landing distance (m)
Fig. 17 (a). Landing angle as a function of land- Fig. 17 (b). The same as in Fig.17(a), but for © =
ing distance for various diameters of vol- 25° and V, g = 360 [m/s].

canic blocks d. 3=N170°E, 6 =20°, K,= 1.0,
M=5.0, d, =09[m], N=2.0 and V, 4, =
395 [m/s].



KIESROEEFHE (1) —KEAI 1938 FBIOFEBRKIL 1977 TR KITBT D KIS SO AT — 31

90 T

80 -
3
@70 -
=z
®
W
&
2 6k J
2
5
50 {1 d=0.23m
& d=0.33m and 0.3
+ d=0.40m and 0.45m
O d=0. 64m
X d=2
40 L1977 Usu; ; | ———d=0.6m
0 500 1000 1500 2000 2500
(e Landing distance (m)

3. BEREZFDIERSH O@RIT

Fig. 17(c). The same as in Fig.17(a), but for © =

30° and V, g = 336 [m/s].

BRI 1977 K OEWERDERM DT —4 3RS N T A= OfiAsahE %
ROT, BHEFMOMEEZ O = 20°ICEEL, ZEREIURKD K, E% 1.0 XV 04 & LY
BIZONWT, SAHEROEH HOT —5 %2 EZETHEHEERZNERLZOMN Fig. 18 Th 5.
K, = 1.0 ORAGHMRE TREOEMEBIIHATR 525, NESL @ = 0.2m~0.4m) DF
HIPEEET K, = 1.0 OR/NEBLEER TR W, K, = 0.4 TiX, WEEERKITFET V)
OHEERNT A=Y %2 d, =1.0m BIUL 1.5m ELZBEDOE/N - BREHER TDH 2HEE
FENIATEEN B Lz, A, ZONNT A—F OflAEOLRIZL 2 E0fZ Fig. 19 12,

] Usu1977
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Fig. 18. The same as in Fig.16, but for coefficient
of the air resistance (K,), intermediate di-
ameter parameter (d,,) and initial velocity of
minimum size block (V, 4...). B=N170°E, 6 =
20°, M =5.0 and N = 2.0 are assumed.

2500 330 —— Usul977 {Katsui et al.,1978)
Kd=1. 0, dn=0. 9m, Vodnin=395m/s
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== Kd¢=0. 4, dr=1. 5m, Vodnin=222m/s
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Distance from the crater (m)

240

1977 Usu

210

180

Fig. 19. The same as in Fig.15, but for coefficient
of the air resistance (K,), intermediate di-
ameter parameter (d,,) and initial velocity of
minimum size block (V, 4.). B=N170°E, O =
20°, M =5.0 and N =2.0 are assumed.
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Fig. 20(a). The same as in Fig.17(a). © =20°,
K,=1.0,d,,=0.9[m] and V, 4, = 395 [m/s].
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Fig. 20(c). The same as in Fig.17(a), but for K, =
0.4,d, =1.5[m] and V, 4,;, = 222 [m/s].
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Fig. 20 (b). The same as in Fig.17(a), but for K, =
0.4,d,, =1.0[m] and V, 4.;, = 243 [m/s].
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Fig. 21. The same as in Fig.15, but for coefficient
of the air resistance (K,), intermediate di-
ameter parameter (d,,) and initial velocity of
minimum size block (V, 4...). B=N170°E, O =
25°, M =5.0 and N =2.0 are assumed.
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Fig. 22. The same as in Fig.16, but for coefficient
of the air resistance (X,), intermediate di-
ameter parameter (d,,) and initial velocity of
minimum size block (V, 4.,,,). 8=N170°E, 6 =
25° M =5.0 and N =2.0 are assumed.
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Fig. 23 (b). The same as in Fig.17(b), but for K, =
0.7 and V, 4in = 290 [m/s].
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Fig. 23 (a). The same as in Fig.17(b). 6 =25°,
K,;=1.0,d,,=0.9[m] and V, 4.;,, = 360 [m/s].
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Fig. 23 (c). The same as in Fig.17(b), but for K, =
0.4,d,,=1.0[m] and V 4,;, = 228 [m/s].
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Fig. 25(a). The same as in Fig.16, but for coeffi- Fig. 25(b). The same as Fig.25(a), but for differ-
cient of the air resistance (K,), intermediate ent values of K,, d,, and V, 4.

diameter parameter (d,,) and initial velocity
of minimum size block (V,..). B =N170°E
and @ =20° are assumed.
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Fig. 26 (a). The same as in Fig.17(a), but for K, = Fig. 26 (b). The same as in Fig.17(a), but for K, =
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Fig. 26 (c). The same as in Fig.17(a), but for K, = Fig. 27. The same as in Fig.15, but for coefficient
0.3,d, =1.4[m] and V, ,;, = 212 [m/s]. of the air resistance (K,), intermediate di-

ameter parameter (d,,) and initial velocity of
minimum size block (V, 4.:). 8=N170°E and
6 =20° are assumed.
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Fig. 28. The same as in Fig.16, but for coefficient Fig. 29. The same as in Fig.17(a), but for K, =
of the air resistance (K,), intermediate di- 0.5, d,,=1.2[m] and V, 4,;, = 247 [m/s].
ameter parameter (d,,) and initial velocity of
minimum size block (V] 4,;,). 8=N170°E and
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