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Asama Explosion of September 1st, 2004—On the Damage to

Glass Windows and Estimation of Explosion Energy

Akihiko Yokoo®** Fukashi MAENO* and Hiromitsu TANIGUCHT™**

At 20 : 02 JST on September 1st, 2004, Asama volcano erupted and produced a strong air wave (205 Pa at 7.6

km away from the summit).
11km of the summit.

The detailed situations about these damages are reported in this paper.

The wave induced some damages to glass windows in buildings located within about

The explosion

energy of this eruption and diameter of crater are estimated to be 1.4X10”—2.2>X10"J and about 75m,
respectively, based on the assumption that scaling laws obtained by charge explosion experiments were applicable

to the case of explosive volcanic eruption.

Key words: Asama volcano, air wave, glass breakage, explosion energy

1. FL®IC
HEREEWROEIICE YT 2 KM (BE 2,568
m) (D SBIISE K AR L TED, EKIC
X B ILAEFATOREEYOR T 5 ZWHHE R, L
FTh9mlEHA b REFIMEITES) T, 19305 KR
Fr, 1991). 1950 4FME K TOE A 5 2 DPEIRDIZ
Sakuma (1951) I & D £ EH SN, KOH S DOHFEEDE
H5ADEE E AT AR E OBRRET S ke, 1973
FEME KT & 2 #5047 5 2 BHERUL DRl ER L SR
(1973) IS TWwb, Lal, &£CT, FokHiay
42D, Fi, EOLSBHEHOA I ZBENIcDD,
&0 o BAER ISR A FICER LTV 2GR H
FDHBV, TN, EELICRE-722ETEEL, BE
DK KELEFOTN S "B S5 ZADHENRD - 127 &

WO HEDAE, PIEESBECSHIOF>THSLE
BAGTH, BA I 2ADH A XD, 75 A0
HIT 20 LBWhEIUET 2 EHENSETO—>THD
(Baker er al, 1983), KIUMEKIC X 2ZESRE) & 475 =
OGP E L OB A EF S 2 ETKUISERTH
%, 2F 0, HH, BT BE5K 0BRSS5
ECEGESN TV A T EEFANE, BAKPRE ST
12, IhglERC LcERRAlEL, offR%s
ZL O EOIEEEL L THATERATVL TEIIE
FETHAHH. TOE X, Taniguchi (1993) R AL - fth
(2000) SHFERM LTV B X ST, BB KD T %L
—FHl A TV, MEKSE & OB A TR T 2 T &
b, SHBROKILERICSENBRUBIEEDDESEL
TR ok S, 2 ITARMETE, EFILO 2004 9
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H 1 HEKTHA LI EA 5 AR A TTRE PR 0 3
ML, 27, BAMEREROMEEMVA9 A 1
HIEK D T %L F — Sl 52t 7.

2. &ML 2004 £ 9 A 1 BrEA

2004 7F9 H 1 H 20 5 02 43, ARl LTEAK O erse
FIME K ATV, LI E TRV G ATRB S &, £72,
LA D S AL A O L W EEFNI K LK KA R T &
7. 9H 1 HIEKOHEHYIEIT IXICtRRETH -
LIt ES N TV S (KRFF, 2004). 0%, 9 Ak
FKOE EA LTS efidahiEishaia s (B
HOEERE, 2004), 2004 4F 10 H A & ERILNIEIE RS K

e BOEF
iHE AL TV B,
ERINCEE SN TV 25T OZE RIS (3 £
@9 5 (Fig. 1), KONV 2 4 (A K, D A %R
I AT — A —/N— L (>63.2Pa), 7.6 km 7z O
FUCHRIRIE 205 Pa 2508k L 7o, HKERICITDN,
FERALLFEFA D 16 HIE D AT/NPAERE 350 KA SR & L
TBEFEE - RO BE, RSOV TOREL R, S
&, PRHICR L 7o I « 2R O EANEIF AVHIEE L 72
(AT « fih, 2005). MEFENE C A FHERIRHISED 5
5, A Sk bW E T A1E 90km FREEN 7 FHRIEA
T chd 5. 9H 1 HEKOAEEEI, 3&A SRS
%&bn@otm@ml%zﬁﬁk@éw(mm,wm)

B QREG

N Tashlro anary School (11 km NNW)
4| Breakage (1060 mm x 860 mm x 3 mm) and
cracking ofglasses Q 1 00 mm X 770 mm x 3 mm)
—
g
\

36° 30'

36° 24'

~< South of Hanare-yama (11 km SE
\. 4 Wmdow was broken (Details is unknown;

N \‘ﬁ-‘-}r;gk -

36" 18'
138° 24

Fig. 1.

138° 30'

Disaster distributions around the Asama Volcano by the September 1st eruption.
the air wave; damage to glass windows (open circles) and others (closed circles).

138° 36'

Six places suffered from
Three squares represent the

volcano-acoustic stations equipped with a low-frequency microphone by the Japan Meterological Agency, and
the star shows the location where 7 ballistic rocks were discovered by our investigation.
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£ RV, FEBN ISR SN 72 1973 SR K
DbD (KFRF, 1973) N2 EFEJLITDESTL
MIS W,

9 A8 HITIT» BHIFHE TR, KIh Sdbdbs~
2.7km DI (Fig. 1) T5~10cm O A 7% FRAL
fo (E=E36~375g). IhHDEGIEWTNEIKED
s IEE A (Si0,=59.7~60.1 wt.%) TH 1,
—HIIB O SREICEDL LTV, B TH 5
WALH BN, KD S 4km DFEEEF TG ATFEEL
L7 & ofEs (RRIT, 2004) 236 505, L0k
[~ DI AR I A TH 5. KRR (2003 4F 6
H, 10 A& 200449 A3 H) iciogshicZEhER%E
Hied 2 &, KO» 5 1.6km sOEEE T3 1m Ll ED
WA & AE ROBICR & iz 7 L — & —IRHIE D g
Hahie, Lal, ThPEERERRL O HIERVES
DIcHITEAOEADWNEETH v, B TRECRI
BTxTULREL,

3. BHSRWE

31 EKIEENEEHS XWHE

TERIC K - Tl S N ZZKURE CEA 5 A0 BHE L
I MM EFZZ DB, YT TOZESRE O
=2 &, IEDET) (ApT) DA vosvz (I= A
pd) DM EFEZIMENSH D ESNTL S
(Bakeret al., 1983). ¥ 51T, #' 5 ROEHAPLHA X, &
BV I3EM, BEAOERBIRNG E b H T XDIEET 50
LIEWDITHELEEZ 2 E080h>T05, ET5
7, LAl ORF- O B EEANDFE R & W > 72 0E
BIFHEAREES b OBEEN TS ), Ths DK
FENENDA T ARG L TEDEEFS LTV
DI ZBEIICIHONTT 3T LRI TETORE L, 20
fodh, S ARG LEWEE LT, B0 R

TFFEEERE R Z & & L7y, BRI e — 7w
JEAPIRS N TV BITS X4 (Table 1).

KINMEKIC X B2EA 5 ABHOAME, YFico
W FEHEE 10 L CAEE T 552 D b (Taniguchi,
1993), METREIANY — <o FERICELTRA G E
& d 5 (Saito et al, 2001). L2 L, Table 1 1Z/RL7c&K
IS, HIABHRITHIES 2 L& W E— 27 [EEIR 147
P Lolgza LB, BH 5 ZOBIRIRII I 52
FHETOEGIRT E — 7 [E2#EET 203D A RIET
bAHS., THCAT, HIEPREA, EEYIC X 258
CEIFRRICEY 7 —h v bbb, HEDEC
A, A5 AR EEKOHWE L EBEREU ST 5 L
HLWEEZONS.

32 91 HEKICKZENS XA

9H 1 HBEKTR, AXRSINTLEEZYTIHOTER
IR BEN S AFHBWENE L. T b0 24 (&
PR L & AV NFRD 1220 T, K 0EEL WK
RGO EN #fEE, Eoo 14 (&
MR KoL CRBEZ ORI 27 v 7r— FilE%E
FNENEMLz. 51, [TED S 20km OEIPHIZH>
WCH BRI EIN FHEETT - 75 R, RAETH -7
EA S AWHE 1 (FERGHE 11km) OFEEICO VTS
TEMTE, £, BEBEMNSEN S ZOWHEE 3RK
3500, ELIRMICKIZZREDALEORBIEDS 11
EILER 6km), BEAEMED S 13 h 2950 14 (b
B 7.5km) FEEL T\ T & HHIIF L 72 (Fig. 1).

321 ERKILEYE

K SALALE K 4 km O RIS I B 5 R ALY
#E T3 (Fig. 1), ZZXIRTNCE D 1BEHAD ODH 5 2
ISR L, BHELZH S AR RO OIROES 2 &
15, BINAA 50 cm FEAREL L 72 (Fig. 2a). E¥)fEid
MEOIS T, D LB YHOFITENEN 5 I

Table 1. Relationship between the overpressure and damage to glass windows.
Overpressure [Pa] Damage to glass windows References
100-300 Minimum damage to glass panels Kinney and Graham (1985)
200 Breakage of large window glass already under strain ~ Clancey (1972)
600 Occasionally, glass breakage Yamamoto (1961)
700 Breakage of small window glass under strain Clancey (1972)
800-1000 Almost all window glass are broken Yamamoto (1961)
1000 Typical pressure of glass failure Clancey (1972)
1000-1500 Typical window glass breakage Clancey (1972)
3500-7500 All type of windows shattered Clancey (1972)
4500 breakage of all window panes (3 mm thickness) Ito (1989)
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frame warping

Fig. 2. Photos of (a) glass breakage at the Asama
Volcano Museum taken by Kyodo News, (b) a
view from a broken window at Tashiro Primary
School and (c) a glass crack at the Asama
Memory House taken by M. Enomoto.

DUEBA->TOEL -l ERERFALEDET
bHote, Fio, FFTH I ADFERPEL B 57, &D
ZETHBM, Fig.2aZRAM0, #5 2OHEAEE
Wbl > THRESDBHEE LIk D ICBA S, 520
AT & ERILLTES E & O 784 1349 30° TH 5.
N T ZADMNE»SIZIAD OOV E LAERY &
o INERGTRCILET OED V. A5 2
2000 mm X 900 mm X 5mm (fft, 1, JE&) 0@y 5
2 G L) THD, Ty YITETLD Y — IV
THEESN TV,

322 ERNER

AN R K D O JEdEPE 11 km IThAZE L TV 3
(Fig. 1). 3BETKED 1 BEOHEDENT 5 255 1 Bl
BL, FEZED0b5 1 OEN 7 2 TREREKFNCH - 7
OUMBHE L, BHELAESSZ @l o914 X
13 1060mm X 860 mm X3mm T, TIN3IH vy VITTLD
VW MTEESNT W, BN 520 LR 2/3 FRED
BHE L, 15cmX20cm FRE DO —>2%E 0 5 50cm 13
CFHEN K HBNTRES DR, BEAETRTOD

e AR

B B S FCE (I~ 120-150 em FREE O FEEfE & THREL L 72,
HENZOUPMA>TWAEEN 5 2D 4 X3 1100 mm
X770mmX3mm TH 5. WINOEHF b, 75 2R
OETEINTEARDOBTAEEBLZ 60°THD, KE
BottokiciEsSn b7, (LWTHE»AS UTED 3
FEEETH 5 (Fig. 2b).

323 XREEE

AR O KL AEYEE & 3I3R CHisiciriE 3 5 (kA
~H 4km, Fig. . FEHEMIO 7V I 4 o v hEEYIN~
6ecmirNBiAn D, T RICOUNAZEWENEL K
(Fig. 2¢). 75 Z3HAD T, ¥4 Xl 1545 mm X 800
mmX6.8mm T b, T+ YNOEESHER, I
LNy F ) AV IA—T 4 VITOOVTNNAFTH
B, UFAFIKICH L TWE WY, BT L 2E5IR
BcROENECLEZZOND. T, BH I AN
FNFICTALDIF, B0 DS 6cm DAEICSH 5P
Vaewd—IlEoT, TIIYy YDIebANEIRE N
e EELoN TV S EELEEEALREK, A
2.

324 EIFRETEELF

SRS AIE & HRIRIE AR T H 5. HKER, B
T ADIMHE L 7o & ORIV ELIC b D BERE M IRE S 1
TWb, LA, Bl (B 1,255m) MREEEL 755 T
MHED O EFEMILLTEAED IS0 & s, B
CDEH T AWHESE KT L ARETIR W EHEL, &
KT BICESKM-T, LaL, K& BfiEEozhE
1Tk, BHRILUENPED L LV TEXNTLEENT S
2RO MELIEITIE S 0 29 (Sakuma, 1951; FHABK
2B SRR R R S K LLERRIAT, 1990), SEBE, 1929 4F
9 H QWK T HE LRI O/NERTH T R 8 A HE L
eV IHEREE N TV S (EHNIGERES S
1930). %7, [UTE, S OFEEIB L% 11km &, HUN
FREBEREEHTH B &5, AHPIIZERICL S
WETHLEELZONS.

4. BEIXRILF—

AR, BH S AWEE ©— 7 ) OEENH
HEREPET 20 L V. L L, IR KIS
KOz xF—&, FolahiokKbEE (EAFEN
7 2 DU P AREARID & ORI Z % &3,
SHROKIBFRICOEN 2 ERRBRIATHZ EEZON
% (Taniguchi, 1993; 74+ « fth, 2000). £Z T, I T
&, WAMBRFEROEE (77— v 7 D AKX
WHEHARRECH 2 E VWS RED T, 9H 1 HOKILMEX
DEFETZVF—DHELEHAB.

9 H 1 HEKDOWEHYIE, AEVED LD 5 EEHD
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BTH- T En S (G « [EMRFER KL 04 FE1E
KA 7 v — 7", 2004), TP ORER EBEFD KON
WEMTh-1EEBZoNG. oF 0, BEBHYIE 1X10°
t (RZEIT, 2004) DIRBEAENKONNLS bizbEh

KOEIZ 7 L= —RHIEMER S iz id 3 Tdh 5.

K ONHEREY) D -5 75 & B A 1500~1600 kg/m® F2EE
L9 5L, AT X B RIBEMIE 6 X10°~7 X 10 m® 13
LT b, 9 A 16 HICE T HIBEEEARE L 72 SAR i
Mo, KOBEICES F— a8 HE L 2 DIA O BEZ 75
B2 LRFEARN SV, Thid, BKIck - TERsn
te7 L= —{RHIED RS K — & (B 100 m: [# 1
HIBE, 2004) ISk ->TREESNTLE>HTHAD.

ZZT, 9H1HEK L > TERSNIZ L—5 —Ik
g%, EHXD<100 [m], ZEEd [m] OF7HH#ERT
HotcbBEATHD, $5&, TOREYV m®] &

7dD?
T (€]

THREN, TNEEKIT K S KIEAETE 6 X10*~7 X 10*m?
EAHFT LT, HED EEEJOBBRMNIRESNS
Lt B, TITIE, Gotoetal (2001) ICK327 L —
s —HEED T X VF— E,, [J] OB

logD =0.32 X logE., —2.06 2)

W5 T & T (Fig. 3a), BED & 27— IALEREd’
(m/J'3] GREEd ZIEHT FVF — By D 1/3FTHL
THBLLcb D) L DBEfRE LT Fig. 3b IR 5.
2 — WALZEEEDS 0.004 m/IV? LIk, & 0WHE (2) D
F#iPHA£Z 5 &T, BAICX > THEHZE 70~100m &
FEos L— —HIENERE N, £0&E0BET
WFE =M 1.6X102~4.7X102T Th -t tHfEES NS
Baker et al. (1983) (& HHZERICH 1S 5 TNT I#3EO 1R
FITOWT, BRICEK > Tl h 2 Z5 RO £ — 2
BEFEAP [Pa]l & 24 — ALEREE D (/T3] (SEEREEL
[m] 2R 2 VF—D 1/3 TR/ ORIREXIR
LTW53., Zhickd &, ©— 27 BEEN 102~10°Pa D
HipH T

I’ =240X AP°%40.07 (3)

Tdh s (772U, Bakeret al (1983) @ Figure 2-45 > 5
A7), coXi, [KEFO O HTHMS W
v — 7 @B M (205 Pa) 2@ 5 &, HagHiio X
= ALEREE 13 1.52m/T3 50, KOS 0 HET
DOEFEEN 7.6km TH DT &5, 9 H 1 HEKD T % b
F—13 (7600/1.52)°=13x10"T L HiEb o1 5. Lo
L, OIS ZITHEE L7 /@F = %)V ¥ — E,,, (Fig. 3

5e+12
(a) Explosion Energy [J]

4e+12
3e+12
2e+12f] ——1
1e+12

70 80 90 100

0.005
(b) Scaled Depth [m/J*? |

0.004 |
o003 A\ ................................... /

0.002

V= 7x104 m?
V=6x104 m?

0.001

0
0.1

70 80 90 100

(c) Ratio of Energy Partition

V =6x104 m?

0.04
0.02 V = 7x104 md
0
70 80 90 100
Crater Diameter [m]
Fig. 3. The relationships between the crater dia-

meter (D; m) and (a): Explosion energy (E.,;
J) calculated using eq. (2), (b): scaled depth of
explosion (d’; m/J) under the assumption of
crater’s volume; V=6.0X10*m> and 7.0Xx10*
m?, and (c): ratio of energy partition for blast
from explosion energy (&sus). Dashed lines in
(c) are derived by applying the results from field
explosion experiments (eq. (4)).
details.

See text in

a) L0 b—HHZE/NS V., TNE, ERT— 4 oifEE
L7 1.3X10") &0 o xvFE—13, KILEKEEOE
FET RNV F — Eoy DTS, D F D, ZEXURENZMIE L
fo (EHERIC IS i) T2 vF—-LhRKMEhT
WIEW/eDTH 5.

LT AT, BRFEEOFER (Goto et al, 2001) H» Siff
EENBERAD T R IVF =B ey & 27 — VAL
RS d & DRARIE 0<d’<0.01 OEPHICH W T

Evtan =exp(—0.45—700Xd") @)

THETIEMTE, BRORT —ILEENKREL LS
FETHRAND T 3V F —HEEHEIW NS E, 9A1TH
BRICBOWTIREINE 7 L—F7 —EHED ER7r—u
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(LR d’ & OBE% (Fig. 3b) 2RI NUL, ey 3 6X
10*~7X10*m* &\ 9 = N E N ORGSR T3 Fig. 3¢
DEMO L IIEHHEENE, — i}, 7v—9—-0
BEEDMWRELBB1EE, 7 L—4—TEk (LiEDmE
PEAORE) ITBEPSNSZ TR IVF-—BRELKD,
TDhy, ERIREI~NDE SN T 2 VF—(I/NELB5
EEZONDIZAS. Lirl, TITRZL—%—0DIK
BVAEAEELTEATLA DT, HEDMWKELE
BICONTHEEd (B R — LR d’ (Fig. 3b))
MWNEL D, 2R, X @) 12 Lich-> TER~ND
IR NVF —DEE ey WRE L8 B, ETAT, 71—
g —EED SHEE L /% © % V¥ — (Fig. 3a) & 25k
F=IDOoEE Ltz 2 V¥ — (ZERER#E L7z v
F=) DOFEEND e 13 Fig. 3¢ DFERED & 5 1ok
Shb, ERFEBROERS K KICHEAETH 5 &
WHBGED N T, MEORREEILD 9 H 1 HIEX
W B EIRIGEE S, oD, 9 1 HIEKICEK -
g ahicrs v—5 —DHERII T4~TTm TH D, C
ISR G 2 IEFE T %V F — & LT 1.4X102~2.2X 10"
INEoN 5 (Fig. 3a). Co&Ex, X)) LbsL—
5 — DRSSP 2~45m LIRS h, 7 v—5 —KTH
et & 7o & R — WLEEEE 13 0.0034~0.0035
m/J3 & 75 % (Fig. 3b).

ELTREL DR > O C DIBEFE T 2 IV F — Eopy DZ1
IO WTHICHRET 5. BAMBRER I, BRI
& o TRBIL 7o LI O TREGEBE - TREW) 0 ERAHIE &
1, ZOFERIG R — WAL d W LT R r — VbR
B, 2R —bEEw [kg/IV] A5 A -5 LT
7oy b ENTW3 (Fig. 4). Fig. 4 DEfFIIENE N
D A7 — WAL OB L 7o B0 TREUERER A
2RLTBO, R — IALEED 0.003~0.004m/J'"" &
oD TIRREBZERMBEONATH S (O - i,
2000). TNAEBHFICT S &, IO N R T — I L
J& (0.0034~0.0035 m/J"?) 12059 % MG DFREPRA 13
2 —IALIHEEC B £ £ 0.04m/TVP EPREN G, D
R — VALERBE ISR = % )V F — Eop (1.4X107~2.2X
10%J: Fig. 3a) D 1/3FA£FL S ET, 9 1 HEA
Ik BEAIRB L% 4.5~5km FROIEEE % THRET 5 &
WORERENELN S, biasic, TIMERFRTHOL S
NIREED T 2V F — (ZRAKT47X107), FREPI O
BRAIZ10g TH S 0D, TREGEHEIRALG (Fig. 4
DEFD F R — IV LER 2.8 X 10 kg/T LI EDAEHL
Y () IS LThERTch b, ok, T THES
BEADOEEIL2.8X10 S XEY=03kg TH 5. FEEIC
Fex DG EFER L EFTIE K02 5 2.7km OFEEET
b, FE,ICTORAEREEHEZ OV, 4, kO

DA ey
B« BOER
scaled distance (m/J'3)

0.001 0.01 0.1

0.0034
0.0035
0.005

scaled depth (m/J"3)

scaled weight (kg/J'"?)

o O

0.001 001 005 0.1

0.010 ] ° =
=

Fig. 4. Relationships among scaled distance (I"; m/
J'73), scaled depth (d’; m/J'?), and scaled
weight of ballistics (w’; kg/J"?) with an em-
pirical limit of the maximum scaled distnace of
ballistics (broken line).
sulted from several charge explosion experiments
(7.4X10*—4.7X107J). This figure is modified
from Taniguchi et al. (2000).

These bubbles are re-

M5 4km OHIL T 320 g OIS CREARFHIEIZE ARG
FEAK, M) AREREINTVBE I I bEHICPIFL
BW. b5 AA, TITHH LR (2)~ @) B
FEROFERESHME L TV A BEEDYFIFRYRIc >\ T
LA LBUNREE S0, FaRoFIETHEE
SN ANF—EP7 L—F —HEFBBLRIELL
BTHBEEATLIESZEITHS. SVBANE, &1
F <A MEFEKIEKE W) RENLSENEH S B0
O, EFCEKTHRAET HBHRO S B, ELRIRH) O
LOTRELE W - HIRIBR OB RS W EWEA
YR

5. #& B

AE1LE 2004 4F-9 H 1 H 20 B 02 4358 X2k L,
(LA BF oI5 W PR T ZE SR SRS & 1tz
RENC XD, NFE - KRR TLHOEN 5 X OHHE
WENFEAE L, ThoDI> B AkAhoRKbEVE TS
35 11km OFF#EcH O, F/o, EELEZEDLOE
HS AR L TL ARG & - 72,

JEFERAE RN ICHEEATE 32 E VWS RED
T, KR ZEIRL T L, SR S KIEHE
Bizskod T, BRI 2 VEF—OHEET- 7. 51T,
ZERAND T RNV F - RO EEET 5 LT,
1.4X102~22X102] DESE SN, TDOEEDEA
FREGEEE ORI 4.5~5km B E A& o, FEEO
W FRE R & 4T P FE L1 - 72,

ZDZES,

Eil B
HE IO FE ORI, EREKILEYEE, RN
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ORFREEBD E L, 2L OFACIHHVEEV
o, EEAGEE IR BEDEROMEM 2T Al LTl
&, ZOHFHCIEHPGARD i1 - 1o, fEm
B, EALRRICIBEEOMAEZFTL TV LY
fo. Fh, REMEREBZOEGSE, SO0, %k
BRRD O OBRNE CER AR ERET 5 L TARE
BT -7, D EOF AT L £4. A oO—Ic
EXR SRS S (e MR ) fEEs
14080203 WFFEA 2 : DZEF) % L /2.
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