;&}&X&ﬁﬂi@ T ialb—1=3 v

O FHAVSLSW ILE ik kK —
TAEISW E58 54—
TS L5 ¥

1. & 2
AR A P LN BT AR I T LT 0 BRORR S - TR T RERO K3 I T HA.
SRS T T SR SER RN T L ORI iR ) > BRERRN S 4 1, e o Ry
KT IR RTINS 315 52 71 FRE3 L FIBR L SOE RV ATk
T LY (DR RIS S L L7 S,
P=K (yW/R)"® —eeeev ()

103, PO i n T L (g/ () | K BRI S 513wk, FFosEL
HE ot m3F 800 T, W KT (k) , RBERL080H (), LU, R ZE FsLL
7 0¥ BRI GOk LR RN, R0 RR L - 73 TR e L e
I Z 00T > ZEBRR L U 2 KL BREIE L, 7 e bR B T A L
SBEYLITD . UKD - T RGN AT Ak e K 313, Fgn)r §h TR imek
OV I BN, Bkmkri Lt - 7 KI<T/kF L . L 0d 013, 5@ RGILBOsRe AT 3K
EAHNK3 31738 L 0 BESTRV T~ 3 T Z0FAI 3T ) BEY T, 7L 7AMT7 7T Y 2
REEA VIR NEE AR 1< L Lt S ARG LR L D R ER TE

XN GPNES SIS % A L A EL S X QIR Stress tield
L 2wl A LR v | 7o R L BAKERL Tk LA (teat)
LIk 0)2“ ?ﬂ M, S ‘7%% a_ 2. Equation of state Equation o{ motion
2. iﬂﬁlﬂlf;ﬁ W?i%%o’ 2 Strains Acct:l{erations

/’;\'fzﬂl/r‘)‘m%ﬁﬂﬂﬂﬁﬁi’i: o Maencher £ 5 Displ ts =-dt-—Velociti
SacR1:44 TENSOR CODE ¥eigLi<DAYS-2 splacements -4t —elocies
CODE 75-7 , 30231 AT S ) hisatl( £ =1,) FH RABRTEEHAT
VAR AL T BRI S ) o SRR T T B N, LA YRCER-
o 2= LR HRTA 2 FUANEE( T 7 > 22 R0RIE) ML), THEALT
LRGN HEWIE 20T 4 © Lt )t =L, + AL BB RSN E K, > 797 F >
Y 2B NZ PR ENOMTY 2 AERI AL B 4-NFENTALE § K, 20T Am
OEESFENEERVT L= Lo+ AL B8 7T AErARORAINE LR TS L) £ 50, 1SR
U= T EtAa B2 7 AL i A VRG] = L17d - TRmhnizi = b 1 ranegln
BT L35 IH L.
3. Ilalbla Ny

BTN 2V~ S ADBMS > TRAETIRT RO TR LB Y L, 51 K3 T~ thnise
FUATN YT, 33 2 V- b VU B HI-I N LE 1T HL . Trins, 1 43 A0
N CPRHELSMELL, SO EESL L3, e 7000 /SOGX - | §A T <

—101—



AVE20L8 (RbCmP X 200 0m VEETRETIE:
L2404 AR L VB U, ik, hleeRe) ]
I IR U, i
37, BNy 2 V- 33 YEATINRANUT, SR S T
TRLEDTTNTEOIE S, LA RN I TS w b
7 2L b BERN LI ICHEINAL I LITITS, W
DAYS—2 (CODE £&. Vgt <1473 1%E0 k3 R L —

Ziem}
].'.
|
]

=

AS—O”%KZ)‘)ZQ—LE%EU, aaa‘:ﬁzlﬂ‘:f‘ﬁ‘q—;/‘)l';,]\ LR 0 w'(,)m T o
INRTAR TR D CEFE R, ZORRE  F210 o Ot s K E3E
7R3 F vrNeT = J s T LU= F285R TAROEH S kef v

LR F AR 3EENK 3 T 13430 X 200mM T, <
FwORELE weR e DRBRENKD 33 HS o7 K R
FogiKi= Lb i) 2 n BT LRI DAL, 3
IR A REM T P B RE L LEDOTH DAL
DAL 14\ U T, FhIMIBE DI b Fk < S5 e
Wi B AP L LR VD) T HE. 2D EH 1= 0

E # (X10°kg/ca)
2 a3 8

0
o1

500 1,000 1,500 2,000

F2O R VR VR 72049 MEEBRURIRANCZ0 IC B )
WO PER R T LSO LT kD)7, ST HF ST F3T AnF -7 L7k
FAIHTREOKS I $0cm x $0cm 0i@Z (3257 ) kK( R XeyE.

HH1 ) LOZFZFVEE) I eaTIoR, L0

EyviF - DS E PTR L I hH BRI Oy = 5100 Kok

AR 2R Vke T VER- Bl it o
BELS S KD, 2L AFENEN LSV T AT
i o K5 RERD 15| L L2 F oD B I F 7T 3R
NS0 TOGRNGTN FHT b Bakh 1 Of 71l
NFEETH M TS0 TR AR VERwe <)
O\yoke Y VRS SO RENB| <7 - TR S H B

0.5F

or/ormax

0.25

¥ OB 02 O T b I s T A 0) T
FOEVIENFLOLOWFELNBRET LD THA, ¥4 BRowiev s $ikd ] = $f et
FOALILETAL S5 KoWGnf - E- 5~ ZSRBRE A R R T FAE T RO KN

nZAS ) NI RO L, e
DI FBRAOERSHT TR L LI - »
OREKI <532 L n, L0k 3 L
BRI TR HL . IHI, FE

DI noREuno ez Lebor L,

mMeseedegonne2n=ASIANXRARARRRERARRRAANAISTIIITISAAY

Hd . 3TN 2088 OGX- 1 54T ; R o
24 bR R NN A LR S Cer s e e
FIARAHL YT - RO, SF RFTEITR F5T 20 KG o GERRL SR HOREA AL
LVRKIGeT vER-73240 48 DPEEL A TIEAREEHE L Rk 2B 25 v

<RI FURF IR R AR o BT~ =0 LORTVERLZ-~ 2EENKI I

—102—



YL PO O FB T X 4.y owf

MY > FOWOFAL MK § sty
14MT0%. FIDIZATH E || \
NERFHCT HE) TE |

1,000 Moo

DL ZFVOHRE A Lkl
Y<somo¥@iig !
ifi‘éi b) %}%ﬁ(ﬁjﬂ?lj@lf Li<d mmmaman;{
Arge g7 3 . LIk T7 i\
VS RIGERENT ' — A TEE L AN

Hia',

10.000?

o
=
S
S

T

KETEMB MR

:

® r AT ER
CZH Il g

o
&
S

BALEEREE (en/S)

IRFWVIRILETHL, F xr o
2, 2T VEPIAREIRLT FLA KnkdrEr R
HIFH R EANKITIT o ASERLLO VR
XD VGEEVIR Grios, / 63A)EELhE
JN 3“7M&$€be"ﬁq/\b%5lj) “F LREFWV
GRS IO R LIS A AR TE 5 5
%fvﬂrﬂt RETH AL, SRR Lkt B
TUREN b LT FITNHE PI R RBENTRI AL © »
YTHRALIRY, L 0FENNIT 7 L LI ARt
R&EL0 1471y L /08 Ifabiionh, §/mEL Lk 224 B
O R NAPESITD G T2 STINTV RIS

100

Sr (kg/cu?

T00 508 1,000 2,000 3, 000
BEPLA b DR (om)

F7U Wil EHE ke
WA 5 0) Sk b o VR

%11 IKE R 1Oz AT E BRI b owdg Lo °
REFRUKDOTHI. %/ 0M 8 SaRGLIER I A

0.5 1.0 1.5 2.0

B (mS)

3.0

TAKY W HBRRE S I K0 g En g b I ¥yl dEoFRe b FiErfI</ 0.6

3 <R T B3, ST LI T F W
DNSRETYE L CE R %AW g > oy AN

NAF =R EEFFIAPRATL LA

ETLERLTA LS h. 102 LT i

F 1 KOz RRLs % 1.7 T vind - s ¢
3% TW‘OB ai1/)tlﬁzm'vi< o -6

=, EXFTIDIE TS K G ESBH L

3 AT Iy RN S AN AL A T
LI RESGH LT 2 L0703 30 b T3,
3k, Fo ) O SERFISRMORS R E
TARFEJ M ZEAT LD 15 )
T asdwiiog L BEGER L

60 70 100

r(m)

FI0 KFEAHYG Ky e F

$1E FIR LR PO LT 2 EE0 L

Y . [ | g v r5 | vy |pomEiswms| B K/ | B Koy
rfﬁzfg‘jéifkk\f&ﬂ#m%< S P 2 B R R L2 0 ey oy pepg e
Y DEHKI~2L, I3y~ m#EcH 1] 260 450000025 |4510(2600] 2100|200| 700] 67
\T@KL:< h~7 gf’jb’%ﬁ[@)}.ﬂfﬁ%{b@ ZHECL |2 | 248] 240000 (036 |3990(1870] 800| 50| 270 17
(%, T‘z&&zﬂd)/]ﬁiﬁlf %0 , Y RALZEMAD (3] 230 130000]040 [3450|1410| 400| 30| 130] 10
:200/’4”)41[%?‘[?[?‘ 1/20]:%;)/,_1/ £ H%E B8 265 560000 025 49902880 30__0;; 300 100’: 100

= |6 10 | 0213775404999 (1500 00 |10x10| 00 |33x10| 00

73 Liahe .

—103—



L. B Y FRER vk gns . 2

SR TIAROR BET ART KD ERRR F o] [V [, 1oz 3

VU703, AN B 47 AR < i e

KZ80% 1 Too T L VR EREEE 53 D0, . A S
L DRSO EENNE LI AT S~ b © AN — i
Do BT b Ry 30k 37% T soms A f 1

4\15/{%1" /1 0 E 3N~ D, e\ 550) =
IRV 7% /2 AlR e é/%ﬁ Nk B/
(SR b SO I SR, 00
MVTF TBIE L o il
DA77 LERVEDNT
By, F13DEEOIE
TR % ol e 1K et
(R/W%5)E L>7krnr |
KO NABUE L Sabi L VR \
LA LkYNTHL . /00, ‘
F/ 20 BSNF130LY) S R Y \
’%351’%%\‘7@”:’@ Vi 2kg/div H : 10ms/div | |
G deA T Ay 128 KT R0 TAILEK R
KO ARE LS K7 0 F@E T RTESE L oo . Wi 7o) SR (M)
FIOD radd Griag)
5& % Lyed#t LniEuk
53 DAYS- 2 CODE Sl GaRG oLk ks 20 }
TAKTEIANKIT BLFLOBREIRAE L v .
10

—~

N
(=

A& (kg [ém®
e

vt
—

KW I 0 E TR
~N
/

—

BLILFV, I b Bt T ARG SRR
VLS AR RO B L LTk L
CIEABL =BT B 2 LERUIR. 1§, 2R AN W
VAN AT ) B T BT L 0BRSS
E Tk 5 AR LAV E Y IRD TS - AVES S

£ % L &

1) G. Mpenchert ard. S. Sacth : The Tensor
Code, Methodo in Compulalional Plysico, :
V.3, p. 3/~ 2/0, Academic Pross, s 744 - o IT¥&%

2) Wik F 3RO B 1 o BRI Tl e Emlet .
(Teravt (oole ) X7, XRERYE, 17 %, 75,
/2~ 3/ P8 W4 TAETR. oo .

3) AR IHRE R ST, BT Wrs T A TR 2 5 10 20

4) X \FEw, o B R AKEEA S g Y/ (m/YRg)
L, RIS | 47T WRATRLR, F1310 FRSEL FalE Lo 3ok

K 5T 0) AR AE (e /)
Pd

o
Ul
L]
[ ]

— 104 —



NUMERICAL SIMULATION OF SUBMARINE BLASTING

Koichi SASSA, Koichi HANASAKT and Ichiro ITO
(Faculty of Engineering, Kyoto University)

In planning a submarine blasting, it i1s important to predict the
magnitude of a pressure wave in water caused by blasting in order to
discuss the effects of blasting on marine 1life and coastal con-
structions. Therefore in this study, numerical simulation of sub-
marine internal multiple hole blasting was performed to compute the
pressure wave in water by using DAYS-2 code which involves the finite
difference approximation to the momentum equations.

The blasting conditions for the simulation are as follows:

The length of charge hole that is equal to the burden is & m, and the

explosive in a hole is a 20 kg cartridge of GX-1 dynamite of 8.6 cmfx

240 cm. The number of holes is 162, therefore, total amount of ex-

plosive is 3240 kg. Granite is adopted for the rock in the site.

At first, the stress condition caused by an explosion of a single
charge was computed, and then, the stress condition near the assumed
crater boundary produced by the explosion of 2240 kg was calculated
by synthesizing the stress field caused by each explosive. Finally,
this stress condition was used for the in-put data of the large model
which 1s used for the computation of the pressure wave in water.

The results obtained are 1temized below.

1) Attenuation of the pressure wave caused by a submarine internal
blasting is greater than that caused by under water explosion.

2) Magnitude of the pressure wave caused by a submarine internal
blasting is about 1/10~1/20 of that caused by under water ex-
plosion of same amount of explosive.

%) Magnitude and wave shape of the pressure wave obtained by this
numerical simulation agree with the experimental results obtained
in the field trials.
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