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ON THE RANGE OF BLOCK AND LAPILLI EJECTED
BY THE VOLCANIC EXPLOSIONS

By Masato IGUCHI and Kdsuke KAMO

Synopsis

Effect of some parameters on the range of volcanic blocks and lapilli is examined. They are
topography, diameter and maximum initial velocity of blocks, inclination of explosion axis and
velocity of wind for the former, and velocity of wind and column height for the latter.

Some examples of calculated results under certain parameters are as follows. The range of
blocks ejected south to the active crater increases by 3, 6 and 9% due to the fair wind of which
velocity is 10, 20 and 30 %, respectively. Also, the range does by 34, 60 and 69 % (maximum) due
to the inclination of explosion axis of which angle is 15, 30 and 51 deg, respectively.  Air fall of
lapilli could attain a range of 3.5, 6.9 and 10.4 km from the active crater when the column height is
3000 m and the velocity of wind is 10, 20 and 30 m/s, respectively. When the column height is
4000 m, the range of lapilli above mentioned increase by about 30%;.
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TCEMNTED, —F, HBEONIW UL FOERICI, BENRABIURKAOHNOFERKEN, LFOD
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I OBBIONWTDHAE LT,
2.1 KEHRICHIFDER - LEOBBHEN
AEHERITTEER - v2ICR, RALOMHMEED 2 RICHBT BRI &, BALEL LEZ 50D,
Liz$-T, B (—o.), BE (V,) OKE—REOHTEER - L+ BRITT 2H540EHHERI, RO
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X=X —V, cos p,)?
3’=51(Y—szintpw)z ................................................................................. 1
Z=023%~g ’
8 i3 k—V.cosg,, y—V.sing, 2 DERAKIDZNEN-], +10EELD, ZOMOERDOHIT
Table 1 it% &HTHY, 2T

Table 1 Explanation of symbols

a largest orthogonal dimension of lapilli
b second largest orthogonal dimension of lapilli
Cp drag coefficient
d diameter of block
g gravitational acceleration
H height of volcanic cloud
H, column height
H, height of vent
m mass of block and lapilli
S cross-sectional area of block and lapilli
T, time when lapilli starts to fall
T, time when the volcanic cloud is emitted
T, time when the velocity of volcanic cloud becomes minimum
2 initial velocity of block
Ve uprise velocity of volcanic cloud
Vaax : maximum initial velocity of block
V. : terminal velocity of block and lapilli
V. H velocity of wind
X, Y 2 : rectangular coordinate system
Xn : range of block and lapilli
Pa : density of air
o5 : density of block and lapilli
0: : density of volcanic cloud
s : ratio of cross-sectional area to mass
'R : ratio of cross-sectional area to mass for the spheres
[/} : angle of ejection of block
Bope : optimum ejection angle
é, : angle of inclination of explosion axis
] : direction of ejection of block
W, : direction of inclination of explosion axis
[/ : direction of wind
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(1) ko FED%HE (case 1)

WERDOBHEDOHRERFTE DI, KOPOARDOEH W BEE~ORHBYHEELRLT(8)R b SiHE
BNIEROBEE#REE Table3 IR U, KOOHMADERIER A S, M~IZ/PE 190m @
EBH5b. ChiZ, KALBREROMOFEHEEYN, EHOHEHK 8 kKENIDTH S, case 2 LT T,
—EDOYEELHA 1RO ERIEM DR & K X W5 N166°E OHBMEICH » THEET> Tl 3,

Table 2 Parameters in each case of calculation for the range of block

v, [ [ d v, v
ml;':/s deg l#’deg de'g cllpe‘g m m}vs tfll;g Remarks
case 1 220 63 |8 directions*| 0 | — 1.0 0 | — | effect of topography
case 2 || 220 63 166 0 | — 0.1-1.0 0 | — |effect of diameter
case 3 || 100-300| 63 166 0 | —]02]06][1.0] 0 | — |effect of V,,,
case 4 220 [3590] 166 0-55]| 166 1.0 0 | — | effect of explosion axis
case 5 || 220 63 | 166 0 | —]020.6]|1.0]0-40]166] effect of velocity of wind

* 27, 87, 122, 166, 220, 288, 314, 339 deg
Parameters y, y,, ¥, are directions measured clockwise from the north

Table 3 Range of block in the 8 directions of densely populated area

Direction Mean angle Range of block
of inclination (d=10 m)

deg deg km
27 8.9 2.63
87 10.1 2.74
122 9.3 2.74
166 16.5 2.79
220 13.2 2.76
288 9.1 2.69
314 9.1 2.70
339 9.9 2.60

Directions are measured clockwise from the north. Condition of calculation is as

follows.
V=220 m/s, § =63 deg, §,=0 deg, d=1.0 m and no wind

(2) HMOEEORE (case 2)

HROEEOELILLY, HEER~RIITERBERORELRAM -, RAMEE 220m/s BoEs
OHEELIEEROWERE Fig.1 KR LE, ARPICERICE VT LY, BRERLERLIEA0T2
BEMEEMC LS LEE 1m OBROBRERIZI0OLR, FHHERE 0.6m OERITOVTRISHRTSHS
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(3) BRVEEDOZNR (case 3)
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EEOHMICE DK 180m EHICHET S, - :
KOOHS 2.7km OEEREIC H 5 R% CHET 57 ¢ ' : : At
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0.8

0.4

DIAMETER d

0.2

DISTANCE Xm
BHEOH 2 ERORRMELR, BE 100cm O Fig. 1 Effect of diameter of block on the range
4 220m/s, HE 60cm DA 230m/s, I S ICHE in the case of V., =220 m/s, § =63 deg,
% 20cm DOBA413 300m/s THB, =166 deg, 6, =0 deg and no wind
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ORT % Fig. 3(b) ICBXMITR Lo
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Fig. 2 Effect of maximum initial velocity on the range of block for various values of the diameter,
0.2, 0.6, 1.0 m in the case of § =63 deg, ¥ =166 deg, ¢, =0 deg, and no wind

(5) BEDOHR (caseS)

BEDOEA & A EEEROEB 2 EAH OB ZER L ORICK > T Fig.4 IR L, MZE, EE 60
cm OFBOFRIERIZEM 20m/s RiC 6 ML, ME 20m/s BiC 8 BB T 5, HE 20cm OER
DOBAR, BE 20m/s Brcl6ZHEmML, MA 20m/s BRITIZBP T3, TOX I, BROERIINE
{BBZTONTROKEBEZGH N &bd D,
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(a) (b)
Fig. 3 (a) Effect of angle of inclination of explosion axis on the range of block in the case of
V=220 m/s, 6=63 deg, ¥=166deg, ¥,=166deg, d=1.0m and no wind. The
vertical axis is the normalized range by the value in the case that the explosion axis is not

inclined.

(b) Change of range and optimum ejection angle of block due to inclination of the explo-

sion axis
g
2 20 ymawe220msc
é
w Fig. 4 Effect of velocity of wind on the range
% folr wind gr20em of block for various values of the

d160cm X

b 4=100¢cm diameter, 0.2 m, 0.6 m, 1.0 m in the case
2 e $2190cm Of Vimae=220m/s, 6=63 deg, ¥=166
ﬁ head wind deg, 0, =0 deg, ¥,,=166 deg. The verti-
pu 4-20em cal axis is the normalized range by the
< . .
g value in the case of no wind.
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Table 4 Parameters in each case of calculation for the range of lapilli

a H, V, P
m m ms kejms Remarks
case 6 0.01 3000 0-40 2500 effect of velocity of wind
2500 | 700 effect of column height

case7 || 0.01 | 0-5000 | 10 | 20 | 30 | 40

(1) BEDEHR (case 6)

BARE lem OV OARERICRIITEROLEE Fig.51TR Uk, L TREELEHEZE 3000m &
LT3, Bk 10m/s BED v+ DOFERERII 3.5km ThY, KOBEFOBEBREICLIFNETT AW
Whidh B, Fal 20m/s O, BEIERII 69km i, 30m/s O3 104km THMT 5,
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05=2500 kg/m®

(2) BEEHEOHR

DISTANCE Xm
Fig. 5 Effect of velocity of wind on the range of lapilli in the case of ¢=0.01 m, H,=3000 m,

BAE lcm OVFEBADBEROVT, BWERREOIZERNOREBLRAEL T2 -4 LT
Fig.6 TR L7z, B 10m/s Bpic, B L 2000m 25 3000m My 5 &, U+ OBZERI
23km » 5 3.5km it KT 5, ¥, BROHA 40km » 5 6.0km iCHKRT 5,
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Fig. 6 Effect of column height on the range of lapilli for various values of velocity of wind,
10, 20, 30 and 40 m/s in the case of a=0.01 m and p,=2500 kg/m? for lapilli and p,=
700 kg/m? for pumice
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BROETHMHBRED SEOBLOFETRAL 2, 3OXKURLOPOVTREShTNEY", BRREOXHZ
BOBC LRIV EBOEROETARERBETE 5M% Fig. 8 iR L1, BAMEES: 120m/s &L T,
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WBESEMRBICIVRELTH S, EROEROLAR, BEREIhLETHALARREOMEE L5 &
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Fig. 7 Distribution of fallen position of volcanic block (¢>0.5 m) which diameter and range
were really measured during period 1955 to 1983 and calculated range of block denoted
by contours of maximum initial velocity, 100 to 300 m/s in the case of §=63 deg, §,=0
deg, d=1.0 m and no wind

Fig. 8 Distribution of fallen positions of
volcanic block ejected by the explosion
on Oct. 7, 1982 and calculated range in
the case Of Vm..=120m/s. The posi-
tions of fall are determined by 2 still
cameras and topographical map?.
Solid line denotes the calculated range
when the explosion axis is inclined by
15 deg in the direction of N82°E and
dashed line denotes the calculated one
when the explosion axis is not inclined.

4.2 L *

3.2 (D) BENTEOIh-BRAMRLERROEHCBVWTEBRETHERINLRRE lom OV H
OFZIEM L BREORMLE Fig.9 KR Uk, BREORER, BWARMCRLEVKAD 900~700mb
OREREE (FE 1000~3000m %) OREOTHHEICEHRES I, BB TRPHREAL
EOBIITE D EERA 3000m B EicZL TN BT, H,=3000m & LTHE LK. VORI, &
BICUNTREBOT, HERLBEROLEROBEO THELTHE, BEICLD vOIRERERYT
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Fig. 9 Really observed positions of fallen lapilli are plotted on the Fig. 5 (calculated) for com-
parison. Velocity of wind is mean one 1000 to 3000 m above the crater at the time of

explosion.
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(o) 0.05 O.i(m)

LARGEST ORTHOGONAL DIMENSION a

Fig. 10 Measured p-parameters of the lapilli and the pumice ejected by the summit eruption of

Sakurajima and calculated curves of p-parameter versus largeset orthogonal dimension
in the case of p=p, and p=Ty,
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LARGEST ORTHOGONAL DIMENSION a

Fig. 11 Relationship between terminal velocity of lapilli in the still volcanic cloud and largest
orthogonal dimension in the case of p,=1.0 kg/m®, p,=2500 kg/m® and p=7Tp,.



