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Fig. 1 Site of cxperiments

Vol.38; N&. 8, 1977



Table 1 Blasting condition at 4A area

Test No.

Depth of the upper end of
borehole (m)

Number of borehole
Length of bore hole (m)

Diameter of borehole (mm)

Spacing of borehole (m)
Diameter of charge (mm)
Length of charge (m)

Total amount of charge (kg)

11213814
8§ § S5 6§
122 24 36 76
§ 5 5 5
1531 153! 153¢ 153
2 2
75 75 73 80
3.23.943.2 2.7
520

M U8 SRR 532 5 mOoBWHILNOD 24,
ARY C X O FrRokEE AL S hic, 4RI
EMBRE20kg MM A e, WIMRFGIEIRACE
H3hic GX-1 #14+=4 FTH5, BRENBHEIT
BULIEREC, BoBRIRERTc L Y 2350,
R (P#) i2 2500m/S~3000m/S TH »%,
&5 1 @~ 3 EHRE C IR EM, B4 ERB T
HEmamsmEs v bR,

TAMSI, AEHN5m OBWETRE 0m O X
OBBENERLTE Y, FoTIBAEHERDS,
ZZ TR, EScHLTWIPREYRLEYS

Table 2 Blasting condition at 7A area

Test No. 2 3 4 5 -
ﬁi;;‘fi:‘f‘ 1 D D D

De‘“{s'gme ojlofz2|s|ofl1}z2]|0o]|1]|2]|3]|4]s
523’3‘<£§ L o 612 Ohih. 2id. 2 24,3 }fig. 1S st tlas. g 2k i 4 e alid s
Number of 9 | 3| 4| afa|lal|la]a|a]lala]lala
E:?)rget}l‘lo(lrg) 2236, 033:';?. S, 038, 2und, oozs, OL3e. s, aoad, 7:3353. o%ﬁ. 7?332 ity 2;?1’32. 1
‘jh’:;’;;‘(‘kgg 180( 60 | 80 | 80 | 80 | 80 {80 | s { s {8 | s | s | s

* I: Instaneous blasting

D : Dlay blasting

X1Blasting centre
O tProssure gauge

Fig. 2 Arrangement of pressure gauges near 4A area
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BACTERE 28T 5 Tkt Rk, BROXG LR
ol @2 T.P. 45m~T. P. -50m 0B {LIERE ©C,
TOREZ BFTIC X ST b0 ENSBY, 0 P
TR 2500m/S~4000m/S CH 5, WERENILS
Effbhid, BIBBEORKHHL Table2 iR+ & ¥
b ehs. HELE, BEECBAIAGACEBL
TR A L »C T.P.-50m ¥ CHEIICLALE
hic, EALRTARLBIZODRAABE Y 2=V
RAILEC, CAABIEIEOWBS 158mm, BHOH
4 46mm ChH3, Tk, WThoEizd 20kg
O GX-1 #4F+4 bEEHL, WRZL3.27m,
IEE 0mm CHoi,

3. kPEIBEOEHR

ENEosN, $#HELII v AFa~-+TH D
Kulite-HKMS-375  » @ T80 PMS-5M pi(iq
Thiz, ThHOENH X Y REIhESRHER
=7 0C, SEEO/NG I L OBA R RS
~EY, HEBRYBLCF~srva-Fe B S h
7o FERIL DC~20KHz DEFITH L T—RG
gi’ﬁb"c‘:‘ao‘

4A #Eiciz Fig.2, Table3itR4 X 5 iz 94K
REAEEG, ThEheEh i (Kullte-HKMS-
375) ¥BE LA, P; 310 Py 12, BESHET
BEOBRMCH50C, BB > T4 UnEBNC R
LOERETHRRGOTOBEYAS, Fofiol

100m

7\ Blasting area

Table 3 Position of pressure gauges near 4A
area
Observing | Direction and j.
point distance from aﬁtga:‘}ioﬁ Depth of
blastu(lgl ;:entre,sea level (m) sea (m)

P: East 100 5 16
P,U. ‘ 5

East 100 19 21
P,L. (Test No.4

17

PU. : 5

East 200 22
P,L. 18
P, East 500 5 40.5
P, East 1000 5 '40.‘5 ,
P,L. ) ) 5
— West 100 8
P,U. 6
P,U. . 5

: West 200 - 12

P.L. : 10
Po East 2570 ‘5 -

U: Upper L :Lower
ARBBRANCD SO T, BBALENLESBIT
TRTERSFTH 5,

© 1,000m

Ps

Fig. 3 Arrangement of pressure gauges-around 7A area

—258— -



A 8% O BAD (1% Fig.3, Tobled iR Table 4 - Depth af water and pressure gauges

1o B1ELH2ECRBETE L Pi~P; S TOH at measuring points near 7A area

TiS88 PMS-5M % {88 Lic, 45 3 B~ 5 Bl

LijJﬁﬂi, P,~ff, AT i;ulite HKMS _372 Observing point [Depth of sea(m) ﬁt&n(g

Py 35 XU Py S CIRE TS PMS-5M 5. PU. 1 2.5
L BROREBLUSR PiL. 1 1L.5
41 4A HEORBRER . B 1 2.5
O ENERIOWT B, . b
1A SARBIBUOBHOIL Fig. 4 iR, Mok P, ) 2.5

DB PAGET 2 ¥ COBEM tar &, 1BEO 48

B i
P2 -
P,V 3 s
; =
i ! 7 -u: = ‘:‘-ﬁ?‘a:ﬁ-
P51 __‘.“'ké.ﬂ_’:i-.'.. 5 M%ﬁ imm ﬁ\ﬁ?‘.x' Y
F——t }
A T

—— "] -
o= o= = l:‘-- qx l& !
Ma-..-—a,-._v Nn!‘ ‘&

Fig. 4 Examples of abserved waveform (4A-Test No.1)
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2est No.1 Upper gauge
» Test No.1 Lower gauge
& Test No.2 Upper gauge
a Test No,2 Lower gauge
o
a
v

300} o

Test No.3 Upper gauge
Test No.3 Lower gauge
Test No.4 Upper gauge

vy
200F eot No.4 Lower gauge

(=)

100}

Propagation time

>3, 000m/s

\'?9“\0
h 1]

250

-500

750 1,000

Distance fro= blasting centre (m)

Fig. 5 Relation between propagation time of ground wave
and distance from blasting centre (4A)

D HTRE COERER L2 bEHEOTEOER NS
it &, Fig. 5 IR LI, FERS 18 o 48 $12500~-3000
m/SBEDO LD L, 4000m/SHBEEOLOMABELRD
25, MR LTER o, BESREOBEO DI
TERE D PR OEIBRE L~ LTV 5, BEDE
oMBE, BRPYERL, CORKP~BBLTE
gl ThhbbitB—KENECHE Z L s,
Fig4iz 2 hi¥, P, ROBHCRBMEER D
Bbh, *OBAMCENRETL, BHEHRFD
RIBY LIESSWBILTW3, COEDEELELR
SBHEIKRO XS5EHWTE B, Tihbd, HECEH
PR T N, BB L5 s K
FABERLTE R O THEN, TOEANBEREES
L OohBRBRICEENR RT3, $\ T, KH
M oOFEMERAEY RO KBTS 5
b, ToHB LY EHRGESHCRE TS, B
HBHEL IRV dic, SRENREKEMCLDEA
B HTHIEREL LTRBERTI LIRS, &
DXHKr, BHERFYRL TS HIKIL Cavitation
Sk L igh, B SRoEr-TIEnt
TwaZ dizird, 2OX5KE, BUWHICEANILRS
ENECR, H»ooRHERENEBRXERE
EYRIETN, - OWHIL P, AD L 5 i S
FEWHACHAIWENEBODIBHRC X8
»ohik, LiL, BE»EARREOEE CILE
HE» oMoz, BIES St ToHAND
BRCRM U RMED S W AFE R FoEAm
b, EHEELTELD TSR DLRS L#L
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b s, Pekeris® % Papadakis® &1, Q&K & 88
BT EhekBekbms LARETR- RO
KpEHBOEBIZ oW CHBNC BN L, 0%
R, BED HEEARH TR, KREHEXTNRE
TCORMENRE LB HREE ), Thii
Ground wave, Water wave i3 XU*' Airy wave H
&ieAz b, Ground wave (THERAY(ER B, Water
wave {LEIABYE, Airy wave 1220 o Rk
5Y, PEEEELY Ground wave 0 B3I B W o
BrhoFike, Water wave DSBSkt
OHHILL L, Airy wave OREEEIAIRE © B
HELOBNZERERXHLNAC LTS, £ T,
BHORRL 4 ABTIROWTORIR ERELT
EXTHRBELT 5, WHECIRKRIC, HETs
2EcEERb S, Fig.d CRLAEBICRAOKSE
REOBERHO iz TEBRME Y RD, Fig.6 o
L, XL, BREO¥HDHOME D AERICHGIC
501X Py, Py 35XV Py OB CEHAW S hiik
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Propagation time of waver vave (ms)

s Test No.l
© Test Ko.2
B fest No.3
X Tost Ho.é

i

1,000

e ke
1,500 2,000

2,500

Distance from blasting ceatre (2)

Fig. 6 Relation between propagation time and the distance from the blasting
centre for high frequency waves observed at P;, Py and P,

KR CORBEPARBEOBBLIZITHE LD EE
xbhd,

@) ENEokEIcont

Water wave DEFOKE XX THICRAR 5 &
EDTCEHWNBIE Ps, Py B3IU Py 0&HACHL
hiedDCHd, chooFLATCOREN HR DA
Water wave OFENDAE X Pw (kg/em®) LIBH
NHORNER R/W'2 (R : @, bR (m),
W: i (ke)) toBEXR/MARECHEL, X
R,

181,
Pw=25. V_Vi_ - (1)

¥7=, Fig.7 %= Ground wave OFEND k& X (EE)
LR L OBRY R LR, TONRYRMARE
YRWCERL, XALBL.

181,
Por=197 !VR__ e (2)

Z ¢, Por: Ground wave DEHDO AT X (kg

[em?)
W: % (kg), R: {8F» &0 (m)

Q) $BIT @ RIVALGL A X 5K, Water
wave XY Ground wave O hEERIC N3 5 B3
Rkzvwoe, Fig.d oBpFeREOhS X 51T, 8
TV & & 5 Ci% Ground wave HAlig3 % X,
185D 538  fEhic fClr Water wave 23881
{BT EHbhs,

3) RpEHEFRS IETEOBE

Vol. 33, No. 5, 1977

Peak positive preosure (kg/col)

100

50 a Teot o.3

o Teot no.1
Test %o,2
X Oround wave
o Teot lo.4

20

10}

~
v

-

0.5

0.2}

01

005F

002 |

0.01

.

10
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Fig. 7 Relation between peak positive
pressure and reduced distance
(44)
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BRBEDWC ED X5 EEFERIFL TV B0
WTRIN LT3 %, Fig. 8 WEDEOEIFAE & DK
FERF O PF{B L 5Fig 7 ¥|EHELELOT
DAY, BRTEETSHC LY 5 EE Ground wa-
ve it Hbh T e, —F, Water wave (2
Wik Fig. 4 OEABHY b Ll L TRN L TR 5,

- SRS L CHBIORA Py 35 X0 Py R ESHFRIRL
ﬂu&amwowﬁuP,xva.Hfab._h
b0 4 MOENUR R TS &, RUOWATHS
hti&ﬁ?'&ft(};ound wave @ LizFiREDO Water
wave Bk - TUs%2%, Bl Pr X1 Py AT
B ohiEHEEICIE Water wave iZBEHhR\,
Dz ki, FEfl~o Water wave OEFRINC &

CABEIRTWA L ERTRTLOTHE,

427Aﬂﬁwﬁ§ﬁm
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%, T Ch, 4ABDCH LRI ENER L IFRc,
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|

Fig. 8
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Fig. 9 Examples of observed waveform (7A-Test No.3)
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Fig. 10 Relation between propagation time of ground wave
and distance from blasting centre (7A)

kicds Py Bkt Py HoRgfixsHigon
iz 3.7km/S CH 5, ZOMHREBETHHTEME
OHFHITENHTH B, ZOEREOEHI TGN
B ILUHRRIYE » TRp~EBE L CERIGRKER
¥eHy, Pekeris 5045 Ground wave L4t
ZERTES,

~%, BREDOENKICSWT, ThbouRoE
IS EERD T, Table5 wiRLied, Fhboffiit
BRPOBFHIZBE—FH LTV, LERsT, BE
Thi=BR%EC EHRILEKPLERFL €& Water
wave & Qi NCED, 20k 5IHET 35m
ELICBEND S X 5 hERBTHREIC S\ T Wa-
ter wave RERTH L Rlbns,

2 EhokEEon<T

36, W4EE LUHSEORRIORRTIE, K
SENEREHECELCHRL TS A, £BE

ORI LY B ohEEMBEOEESOR G H £ R
», BEILIA T COHERE L oNGRY Fig.1l £
RLIE. RREMEDELOVWTWEH, Zhbol
FRERDHRELIVBELTIRDEL, KAD LS
2ins,

Pgr= (4. 17 x10%) « R"*#*(Ground wave)} @

Pw=100 - R*-* (Water wave)

- DR, Ground wave DM Water wave L

b LEEMRRE RV 2ibhb, BETH P,
&, P; At Ground water RERT 248, 1B X
hREE Y CH D, Fih, Fig 1l KRLEREE
fiiixdis biEbozaikz v, o ki, REM
BoBROBERIVKPENR Y OPBELXRIET
S ERTRTLDOCHSH, Tichdh, HIE~ESE
DRBMER S W BRBE TR, SEBFHOIRY
Rz LT, L hooERBUCHEEONS

Table 5 propagation velocity of high-frequency wave

Horizontal distance* . L
from blasting point Propagation time** Velocity (km/S)
Test No, (m
Ry—R, R—R,
RZ R3 Rl 73 173 4 ty—t; t‘—tg
3 145 240 435 114 180 310 1.44 1.50
4 150 250 420 117 185 300 1.47 1.48
5 145 245 435 119 185 310 1.52 1.52

* R;, R; and R, mean horizontal distance from blasting points to P;, P,, and P, points respectively.

¥t ¢ and ¢ are traveling times of high-frequency wave to P;, P, and P, respectively.
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Fig. 11 Relation between peak positive pres-
sure and blasting centre (7A)
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A study on pressure waves caused by underwater borehole blasting(83)
-Analysis of results of site tests-

by Terushige Ogawa*, lkuo Fukuyama*, Ichiro Ito**, Toshihiko
Narahira*** and Susumu Nagasaka****

Pressure-versus-time records with respect to the pressure waves obtained by site
tests of underwater overburden blasting with 180-480kg charges and crater blasting
with 240-1520kg charges in a shallow sea area were analysed. In the overburden blas-
ting, the water depth and the overburden thickness at the blasting points are 15 me-
ters and 35 meters respectively, and the water depths at the measuring points are in
the range, of 5 to 14 meters. In the crater blasting, the water depths at the blasting
and observing points are 5 meters and 5 to 40 meters respectively. In each of the
cases of overburden blasting and crater blasting, the underwater pressure waves main-
ly consist of low-frequency ground waves and high-frequency water waves. Here the
attenuation exponent of water wave pressure is less than that of ground wave pressure.
Water waves and ground waves propagate through the water and the ground respec-
tively. Consequently a small island opposes an obstacle to propagation of water waves
but not to propagation of ground waves.

* Faculty of Engineering, Yokohama National University, 2-31-1 Ooka, Mi-
nami-ku, Yokohama, Japan.
*+ Faculty of Engineering, Kyoto University, Yoshidahonmachi, Sakyo-ku,
Kyoto, Japan.
*+* Honshu-Shikoku Bridge Authority, Shiba Nishikubo Shiroyama-cho, Tokyo,
Japan.

#+x# Sgkaide Construction Office, Honshu-Shikoku Bridge Authority, 3-3-8 Kyo~

machi, Sakaide, Kagawa, Japan.
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