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On Seismic Waves Generated by Explosions (2)

~—Relations between the maximum amplitude and charge amounts or explosion conditions——
By

Susumu [1ZUKA

Abstract

Relations between the maximum amplitude and charge amounts or explosion conditions

are discussed. (All explosions treated here are so-called “‘intermediate scale explosion’.)

It is found that the seismic efficiency of explosion, assuming it is expressed by the

maximum amplitude, is influenced by shot depth, geological conditions of shot hole, the number

of shot holes using at one time, and so on.

Above all, the seismic efficiency seems to be strongly affected by the number of shot holes

using at one time.

A few comments on the later phase and its related subjects are also given.
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Position of shot point and observation stations
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Block diagram of recording system

%0 60 mm/min
ARAEE
REEE 3 Gy & b4 500 £F
BHISEEDO T ry 7 « AV T 7 MIE2R{OEY T
b5,
2.2 BHAOEH & HMBERE
B OEF L, BAOHMERFTESKa, bR
T WEIZE Y No.1 FH,2 No.2 FLILRHEE O LS
BERADND, Z02FLUMNE, BEZE e — LB
ZBBbH, TOTFHIEL LTHBELIIEETLY O
WEPORD, BERCBESEIBEEERAND
bbb B, BEEIZIIEFDEBOABREVILYL, K
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UED X 5z, BHONERE DD TE L OBEHY
ThY, Tk ) nHERERAEOYETR, HEL
BB 52 52 LIRS,
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@W@ﬁabntaﬁ,QMLt@w%,kﬁéta

%, BLRCELHTHS (REMBEETE, Vv
be— 2B EOBHRE CMETELFIRE L o2
WIEWREY 2 v b EALBDILR),

INHOBED YL, KBAREFOME TS h
Teboix, O 207 7E<, 1 526, 28H®2
Eb, FESEIERIRTH - e b b bTFiEN &
nTvinvy,
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Shot Point Coa !
\
Aoy M
2 2\
2 . '
bt sy X"
PR 8 \ o
@ 4 No.9
» @ |3 - Voo
a & R -7 Nol2 \
% /"g.—'?«—-..-_-f' x x\ A
No. 1 o / X 1635kg Ne.0
©® L 157.5 kg \
R ‘\O N011 ‘ A
81.0kg v S N6 \
405 L
18.0 P T N5 N3 v
18.0 ~® ©1260kg \
58.5 8. @ |
315 ) \
\
Ne.13
X
No.2
@
10m
|
®3Ra B B AL o 4 T
Distribution of shot holes
Wik B B ow B T 5 B o®
Data on explosions
| |
shot No. shot time hole No. i depth lcharge amount ! charge length i‘ cap | remarks
date h m m kg m } '
1 1/20, 10:08 1 29.0 81.0 2.0 1 O
2 v, 13:39 1 27.5 40.5 3.5 ” O
3 » ,  14:57 1 25.0 18.0 2.0 ” @)
4 v, 16:06 1 23.0 18.0 2.0 ” O
5 1/21, 10:43 1 r 19.0 58.5 4.6 ” O
6 v , 13:38 1 14.0 31.5 4.0 ” O
2 9.0 31.5 1(3).5 ”
. 3 6.0 31.5 .8 ”
7 1/26, 13:07 1 6.0 31'5} 126.0 20 ” X
5 6.0 31.5 1.0 ”
6 14.0 67.5 3.5 ”
8 v, 14:45 7 12.6 63,0} 157.5 6.0 ” O
8 8.7 27.0 1.0 ”
9 8.5 36.0 1.5 ”
10 7.5 31.5 0.9 ”
9 1/28, 09 :56 11 10.5 45.0r 163.5 2.5 ” X
12 7.6 24.0 0.8 ”
13 7.3 27.0 1.3 ”

O Eskx b D, XENIEHFD NG 572h D, O seismograms are obtained. X :--seismograms
could not be obtained.
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Explosion Condition

13 <« hole No.

$ & 8 8 o 3
Tk _
110
1260kg | M
157.5 kg
sand
loam
loamy sand

clayey sand
pebbly sand

Cvoy lava (porous)

m lava (compact)
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Geological conditions of shot hole and shot depth
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® WK OPDEEFITIE, later phase AEbI TV
Do
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3.2 EXIREELAEELEDRERZ

IR & KR L OBBRERCIGHE, ERPEVS
QA vi 5 Thsd (Ricuarp, H. & PieucHOT,
M. 1956; GaskerL, T.F., 1956; #fa, 1962), ZiE
RTEASh 32 ERIRRCHEEL 52 2ERB L2
bHoT, FERICEHELLTD D,

ST, {FBPOLBEARIELZHAIND , KkEEL DK
BERpLEEOXNESNa, bTHs (shot No.3 &
No.4 1%, A—HET, E2X;0b»2EY, BAE
BELIREZE L 0T, BROBFRAOEEFHT R
vy FLTHB),

Wi, RLEROEBKL T3 E-W R0 F KR
2»b Magnitude #3RK®D, ZOEEH > TR X~
BHEL, KEBLOBRELLZZLIRLLY,

PR (1954) iz 2 hid, BEANMAKEZ 2HED
Magnitude FZRHIL & > TROD BN B,
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Example of seismograms
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Arrival time, the maximum amplitude and period (Obs Pt. B)

shot No component ﬁrst arrival i second arrival I maximum amphtude } period
. - - - —— ] . - SO
: hm s s mm ! sec
N—S  1€67.1.20, 10 07 56.3 | 57.9 1.8 ! 0.1
1 E—W 56.3 , 2.1 0.1
U—D 56.0 | : 0.5 0.1
1 N—S  11967.1.20, 13 38 59.2 ' 1.0 0.1
2 E—W 59.1 " 1.4 0.1
U-D 59.0 ; 0.6 0.1
N—S . 1967.1.20, 14 57 57.0 | |
3 i E-W . 57.2 ‘ 0.6 0.1
U-D 57.0 | ‘ 0.3 0.1
N--S | 1967.1.20, 16 06 01.3 0.4
4 E—~W | 01.3 0.8
U--D 0.1 ] 0.2 0.1
N- S 1967.1.21, 10 42 55.4 , | 0.6 0.1
5 | E-W 55.4 . 57.1 ] 0.7 0.1
U-D 55.1 } 0.2
N—S  1967.1.21, 1337 55.2 | ! 0.3
6 | E-W 55.2 . ! 0.3 0.1
U-D . 55.0 | ‘ 0.1 i
' N--S  !1967.1.26, 13 07 !
7 E-W
U-D 4 j
' N—S |1967.1.26, 14 44 57.0 , | 0.4 i 0.1
8 . E—W 56.7 | 0.6 ] 0.1
U—D 56.6 | 1 0.2
| N—S 11967.1.28, 09 56 i | ,
9 = E-W | , ;
U-D | | |
W2EL B OH £ @& ®M A O
Arrival time, the maximum amplitude and perxod (Obs. Pt. ©)
shot No } component | ﬁrst arrival | second arnval ! maximum amphtude ; period
_____ ' T T i T _-1‘1;1- S“ ‘V_-Sﬁ—__ T mm
N--S  1967.1.20, 10 07 55.8 57.3 | 5.3 0.1
1 E W 55.8 57.5 5.8 0.1
U—D 55.7 | 1.5 | 0.1
N--S  1967.1.20, 13 38 58.8 ;‘ 3.3 j 0.1
2 E--W 58.7 00.5 3.7 i 0.1
U—D 58.7 1.0 0.1
N--S  1967.1.20, 14 57 56.7 1.3 | 0.1
3 E--W 56.9 1.5 , 0.1
U—-D 56.7 0.4 0.1
! N—S | 1967.1.20, 16 06 01.0 02.3 1.3 : 0.1
4 1 E-W | 01.0 ; 1.5 5 0.1
U-D 00.9 - ;
| NS 11967.1.21, 10 42 54.9 56.4 1.5 0.1
5 E—W 55.1 56.6 1.7 0.1
U—D 54.8 0.4 k
| N—S 1967.1.21, 13 37 54.8 0.8 ' 0.1
6 | E-wW ! 54.9 56.4 1.0 . 0.1
i U-D | 54.5 0.1 |
N—S | 1967.1.26, 13 07 | i
7 E—W i
U-D i
§ I
N—S ' 1967.1.26, 14 44 56.5 1.1 ‘ 0.1
8 E—W 56.3 0.5 0.1
I U—D | 56.4 | 0.3 '
N—S {1967.1.28, 09 56 I
9 E-W | '
u-b ‘
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Relation between the maximum amplitude and charge amounts
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M=1.73 log 4+ log A—0.83 [€D)

72iZ L, AERER 4 km) 2B 2 FEAERT,
BRI zeroEbd, (1) RaRko i, HHI,
HAEREZ WL O OHIRIT T, FDR & DHEIC >
WT MEBRDZREENTVWS, LER-T, 5%
FEOHBOMBEEZ BRI, FolBOT—405
kol M oORXEEIFRI. RERL, (1) KT
T & DTV ERPELENTLE > TV ERHT
HB, LIAT, HREMAERSTIEES M ORBKD
BITHD,

DT, order OEIMITIFBBITA LI,

TRAE L KEER E OBRIFEOROL IS,
vE, BAERELETRALF~ (Magnitude T
IV ThoT, KEOPHEFORELEDLT LD LR
ET B, HONELIZE6XE, BHAHERTHEIN
bR THBE, KEOPEFOREEXATHER
EHRLLTRD3ORBEL NS,

D —EOBRRCERATHIE, Thabb k¥R 14
ZE LD BEPEZEIICTE T DD

2) KEECARE

10!3 -
2 o
\J
> =B
o p
. H
q) 10127 :E
& | i
10}
1o . N | el R R |
1074 10 o 10°
charge(kg)
BOR A F—k okBEE L DBIK
Relation between seismic energy and charge amounts
M=1.551og 4+log A—0.46 (2) 3 JEREFLOME R

(2) X bRHe M OFEE AT, KOGUTEN-
BERG & RICHTER (1956) DEBRALO =R A¥— E
EEE L

log E=9.4-+2.14 M—0.054 M? 3)
E—BWiz2>wT, B, CHADEE» b M,
EDfEEHETZ L, HERDLIVHBE - TSR3,
THERGR L7z & 9 KR OERORBMOMEIC L 5D

—ELTh»s 2 & ik, KEETARERELRD
2, B KERFEENDEEHERDEL RAEA
BE-ZVERLONTVEZETHD, SBICETAN
BRBEEO AP TEHENCE - T, ZhEHIT
PEBL TS, ZhHDRHEDLL DL ATHBZ L
L&,

1D 1JUE; No. 1 OMEMFL T/t -7z shot No.
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KRR X - TET HHBREC oW (2) EEFE

17235 No. 6 £ OB T, #od4E (shot No.1 ~
No.4) ¥, KEELBECENCRERBRERLE D
bid (CKHEE 18kg OBERE2 ML, HNTIE1HATE
bInTw3),

ZOAMENE, BEICLUTEKRKY 5m OERD D,
WIERL 2ROBEBOTCEN L LD THY, HE
ICIZE—&EE L AR L TE Lok kv, EHKEFRD
BERPEYEROE, KEERDEL 15 L RS
WRENEL 2T BdTHSL 5,

Lz AR, EBuvFo 2@ (shot No.5, No.6) i,
2HOBEBOETER LILLDTH Y, B O
AEEL BRBLBIFITZODOLILUTTH S, Tt
WREORBLUMNMCHBERA B E L T Z EBRREL &
WTWwahortBEbhb,

2) HEEIFLER; shot No.7, No.8, No.9 o 3g
i, HEILEHE - T3, Zm 5%, shot No. 7 & No.

# MoTOMURA

X (OSINKA-TVAYA

ST 4

VX, JRRCEEE b B REIRIEIER— s AR SR NHT
H5,

PEoBEERE, BEFEERNCPIERD I g
RTEIE LCEBRET 5. ZOMEREELOT, 7
—AML o I ERETHLDTHRLAZ LT L
Vo

3.3 P-S BRHIO#EEL, 2, 3 OER

FEFN 18 4E, BIEARBTHAEL HIEE B Lok
EETRD Kb &3T, &EiF - kH (1939) 1%, &7
Vv hE 0.27 LRE L THREBLEE V,, BIGERE Vs &
BEdEDBERERDEICRD T3,

V=2.0 (14+0.38 @) km/sec (4)
Vs=1.1 (1+0.38d) km/sec (5)

SEIOEBRGZINE, B7TROBEY Z OREMEORIR
AMEBELIZE —BLTv3 0T, B - xAoREAv
T, JBROSE S BAS A MR EROBRIER L TOMNEBETO

£ Yysa
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T~
—o- -
Senpu 166 1o 155
© 164
4 km
° © 148
<)
wr 161
2 ¥m
@ 159
.|51'
3Km
@ 156 4kn

FTR WMA1346 A 18 HEREICHE L - HENOBENT (B kEIC kD)
Distribution of hypocenter of earthquake swarms occurred at Oshima island in June 1938 (after TakATiAsII & NAGATA)

9 IFBMIZ 252> ¥, shot No. 8 JHAZEEN L K&
v~ shot No. 3, No. 4 » comparable order o i
(ZRVF—) LHRLTWAEY, Zhbd 3HEIC2WT
i, BEREOLEC, Thbb, HEO2EE, &F
DIEEY LEAABRE L, 1AL 0o AFER
BLRLImoTeBZ R, TZ0FERTHS, ZOHS

HE, BIOERZHELTAHS,
WE, EENEE & RIERNCHETEAE,
V=V\+kZ (6>
7eiZL, Vo ik Z=0 TOH®S, Z TES, R IEEHL
T3
BRRDOEES Zm, ZONBETOMRE Vi, EE T X
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V=V, +kZ &

R Te)
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An example of seismic ray in the case of linear variation of velocity with depth

HIH RENTOBRELFRSKICERE ® EOBE)

The maximum velocity and depth at the deepest point and travel time (P-wave)

observation epicentral

deepest

l maximum ! travel
point distance z (km) i velocity V,, (km/sec) | point Z,, (km) | time T (sec)
| .
B 6.2 i 3.0 } 1.3 } 2.6
o 4.5 | 2.6 ’ 0.8 2.0

|

l
(

HAE BIRHTORELIES B IUER S HO%HE)

The maximum velocity and depth at the deepest point and travel time (S;wave)

ohservation I‘ . epicentral maximum l . deepest [ travel time
point { distance z (km) | velocity V,, (km/sec) I point Z,, (km) ° Ts (sec)
B 6.2 [ 1.7 ‘ 1.3 4.8
C 4.5 1.4 i 3.7
i

KA TROLEND ENBRD,

0.8 i

2.0km/sec, £=0.76 THBnb, (7), (8), (9) X

Vi—V, Y, Bl B, C @ﬁﬁ&?‘%?é&%g DX HIITx
Ip=—"3 7> 2
V=V, i;(E)” (8) b) HEOBEE, (5) XD V,=1.1+0.42Z, V,
2V, =1.1km/sec, £=0.42, L7z > THEEDHE LR &
T=%sinh—'2kf, (9) SIEET B LELROBYIILRS,

a) MEROBE, (4) kY V,=2.0+0.76Z, V,=

ULofsE»sE, P-S B r=T,—T, #3&L,
BUE ¢ LBT B LROX DTS,
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L 1.6~1.7
iL&Aﬁ

B ATCIRHEEOTBARE L, CHTIHIRIE-HLT
Wb, ZOERED, HEBEOLRWILERTSZLDT
B35 WROBEEE Zn 13, HEK, BEEE b, BA
it 1.3km, C /AT 0.8km ©, BREEHEREIV
DT, ERBDIIE,

3.4 KERSOENEBT ZER

BEP OB Z X, TRTOEEI OV TP
DREBLTVBZETHB, BARET, FEEHELE,
LETFE04ABCLZETZEAXDE. COFRELTE
z2bhBZ 23,

1 BEOV—MIZEBNT, BROZIXNX—
BEELTHAET AR L, BIET S TRRET S,

2) RIHIOHENSIELRZ LS, EEGENLA
THRHANNS LY, 20DKERIVEZET S,
BETHB, D 0FEE, —BOBEREZELIZL
ez kici), TOXHREEIC S BEARET DL
BHEZONBETETH5S,

3.5 BE&CEATERORENELR DEHR

B A& C ot u, 1) SEho kR B
HOBBEL, 2) BAERZ C HoBRARE, 2
ThH, ZOFERE, HOBBLTL 2HFEEDO LR
WIZEBbDEEbNS, Thbb, CARBEETZH
i, BERBEDY— MVROBEHWEED - TL 540,
THIZE LT B Mt 3i%iE, RELRKENLEIC
OB X5 BAKEFRIC S FEE IR E % {5 » T
ELOLHESNSD, ZhBREEOLIA L - TH
PR TVWBEDTHHH,

4. H & &

bR HETR 5 hEHEAE T, WEE YK
BT LIEROBEEZERY TR Y, kEOFXT
b, BE L THEBOUNILIE W TCHET T2 54585\,
L7ehoT, EF & EBIICHERT S 2 Lidasiny
TP LCDORERTH S,

EAEEYRARERETREMIL LY, B
EE Mz TERRERERESEL L Vo Bl b a
—NVOEEEBIET 572D, ZORMOPEIIERTT
»5,

BICEIREHSNIIUDZ B 10km gifgkET (»
% upper crust) OMMHEEEES OEHNTT b
B THRFEE ) ZOWTE, ADNRBEIEERSS, k¥

B Ry order o MARE, OHHPRBENFLTHE
EADLETVAEEANRBCDTHDS, FRTHOOMNE
0%, EER-E Db Ty, Lizdi->T TH
B BT AT— 2k, ERARLOETEDTVE
72 TEMRER) OBRBIEDY, Zo/hgHbEn—208
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A
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BILHELDITS,
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