RIEDRT S &S WEKBHER OBEMRITIE

FILFESE,

HpI”

BENEHPRAT CHRE LEFT 584, RUEAIISI &RV TRATIEARNIEEDICER &
RIZTHRSL2HIEY 2 2 b—Ya il o THETAHIEIZOWTHRNL, #flzrRd Lkicto
FZUM L B OWTERRT D, BRI RIEE LTI,

1) &40 & BEEHAIRTE T 3 ZOREEIC A U TH A2 multiple material Eulerit®, #HEtARORE
—[EAHOEM T ik L HEERREEIZ OV TR - BRI 5.
2) Tl L HSENIRTET A BN DR OFTIZE DR, Euler® )ik & Lagrange® FiLNOHE(EH

HEFIRICHOWTER - BRFT 3,

DOFEEICH LT, HbsUkIEIROBEEERICHWT, KIEREERE L7812 h r2AVNTO®R
23 & R RNASA~DBRETE DGR 2B U RS RRIC X AT 21T, FORME

Tt LI EFORBEEIC OV T HLEBRT B,

ADOFEICH L TIE, KEFEXPT, ARMUGEBNOTNTIREN RS L, AREZELEES
LIz, EICHRBENGMHa 7Y — MEREOBBEIZL > TER, BET26818% =K/
lZvlab—varl, ELICEOERETRILT D ZLIZL > TEOHRIZHOWTERIRT .

BAEARTICIE, TRoT, ZRTAR I EiRAZHT = — FAUTODYN® @R L 7=,

. # B
ZEXRPTIREV BRI HBREBURT H71-DII,

HieARYT 2 — F (%354, hydrocode) & ilifF I B3
B Ta 77 L8R5, BigfRira— N, £
DRFBELHFT X I, HEFEHFOI-HDEuerb 2
KEEBIC L TER(AR 2 EN TS, LdL, ik
EHFCRSZ, KT Tl < BiE0 2T G iRk
TEHL IR XY, EkHE M
B, T2bbHEBEENPCREVCTHEZ LM TE
%o LIchioT, EPFJRIFAFEITICIIRL, KPR
LR, & OIBERERYSTHEEDIELERITT

200145211 8128 £+
20014E11 A 16 A &5

‘B2t CRCY Y 2—3a X JFTHHEWNS i
R T — A
T136-8581 WMEHRITHE A2 —7—5

TEL 03-5634-5774

FAX 03-5634-7340

E-mail m-kata@cre.co.jp

CHSATBIEA HRENEATRET 7 v FR%IEm
{LHENRT 2 /) n P —t ¥ —, HEREH
FRERFT (BF)
T305-8586 FIRWH>ITHH 1 —1 HRFPS
TEL 0298-61-4697

FAX 0298-61-4697

E-mail tanaka-katsumi®aist.go.jp

Kayaku Gakkaishi, Vol. 62, No. 6. 2001

BRI L TOEHT3Z 08 T& 5, Zhig, &%
DEATARERYT (CFD) =2 — o~ T, L 9IE<
- Witk - KEO=MizH LTERTED LI, R
EHFREXUI B2 HEEX (R I TS T
LIZLWEBREINS,

—%F, EBXDIETHIZIX, EuerDFik L
Lagrange® itk & v 5 REBEYR ZHER B T
3% HEAyvadiedEmicEESh, Ay
HOBBEOBH % MY 5 Z &2k ) HEOBRHE)
2T SEulerd FikiE, HEA v 2 HBEOE
{EIZBE > TEH T DLagrangeD F LI, 1850
Bk LTIER EFRITH S, i, BEDRREN
BIZB\ W TiE, (D) 9 ERIC RT3 B 18848
BBEEIIHBS TIRWVERNT RN 5 £ CAHTT 24BN
hB &, 2 BREDERTIENBMLTROME
YL HEER L b 2B L nidhid
BRHRWI LFEDHIZ, LagrangeDFHiEDOFERAMN
HERE ERERIBANE, & ZAH, EulerdF
ETERAROBHOERZ TR+ B 7-HI0iE, B—
OHPAEALOPTCEBOMELHET S, Vb3
multiple material Euler® 5k 242+ 3 = & K7
RKTHD, ZXPIIBITHBEOBREUTTIE, T

— 257 -




IZ, I ®multiple material Euler®béik |- i3 2%
EARHT L O A BN L OMETET B,

T, BIEKIGEE LZBEEHEOEREBH K
km-s"' 22 3 L 5 RBEETZE FoBEHBH %
LTiY, Buler® HiEOLTHMEFRORASR LTS
ZLBHFETH DN, OTHRERITTDE10''UT
DBV ETRE OBV BIEHEH O LT OBREEC
i3, LI LIZARITRIE LR EoRELs L 5,

AWETIL, N2 T, multiple material
EulerOBBRICO>WTHEBIL, FLULYREELE
Hisp AN TORBRRLOBEEBR I BT,
Fhicst L CEE L SRS R Y ea L
Z-BMEmis, &6, %8 Cidlagrange
LEulerOHMAEMERMHREICOWTRR L8, B
EZERUCH L TidBuler HiE %, BEEMEHI LT
t¥LagrangeD HiLZEH L, T+hoOMAEIERZ2%E
BLAEZRTMITEFRTZLICL Y, FhikTipE
IZDOWTHRIRT B,

2. Multiple Material Euler 243k

EuleriFR CERNRODBOEM A EETH -
HIZix, —2OEBulerf BN THEODE 2R
THILENRHD, TOBFL, HEEANORERS
R EBIIIMET A Z LI > TRETETH S, &
BHFEXONBO2HEFEI 240012, HEE
Ne LTH—DOhEHBT 21BN H S, BE, HE
RUTEETIL, REFBRICH L, S5 & MHAY
DORNF RN X—%MWIEHRE L TRY, EHE
HETAHERARONADHN, LROENNMS, p=
O(p;,6) 2 HIOREF B L EHHE BIZLT,
EADEEIZ L > T AL LT—BREHpEHE
L=, {thooErRXLly L TR NS,

DL D REAARMTEHRIER T 5 L CTHOHEER
BEARDHY, FRENIZH LTV DD FIENE
RINTW3, BH—0EAVEHOFEEFE RUDE
HROREFETHD, UTF, ZhbIZonHEII»
WTHBIZ R~ 35,

2. 1 H—0tILEHOFHA %

Afik, Lok o, FEx OME LR
31-HOREFBANSHBEEINLEDNEZ, FLHE
BARICEET S L5 BHaD LGN R —DED
IZT3b0THY, FENHIZZ OBBEEEATY
5, Wiz, BEOE L BsEE, ik KENE
ET3EMIBVTIR, ZOERENR L TE L
RARZENFHEND, Fio, MEBREESHIEL
THEES CR—TH D LEETIHEMEL, HE

NP LHIE LWRE TRV, 2 2Tk, #¥Eo
M6k Bt it id RS 5%, W%, HE,
B, TRAE—OXKEEEEBIME LT, FRODHE
DEARICTFETHERERES L2 EEIIL, £P9EOE
BEXEHi+5-Li2LD, Newton-RaphsonZD K
EE RO TERAICBITARERNRRESND, T/
bbb, HHEARDIZufLRATHE, STLLY
BOICE LWHEFEREREL RV, w2 olciit
YERBOFRGFR L VO BENS I8 2 F o7 Hik
THd,

Zhizx LT, O.Yu Vorobievh®it, #ROKH
EBIZL B30T, DHEOGREERKEZEIZL
T, EARICHFETHIRPDEOHFERAZL > TEH
LT DHEEZBRLE, Thbb, &Rk TEA
DEHEHET S,

£tK 1
& Tk

ZOFETIE, KFERISIIMAT, EHRx (=
VK)RKELBEIZEEALENCHTIESNRKE
KRBRBZLFFERLTRY, BEHELKELR—E
ARICIRETAESICIE, BAEDCHT 25300
I RB, TORETIVEAHEREFFLRY, F
1o, REHICL2RHE T, LiX LIZEAENIER
BT 3 RICEET B8, oKL, —BOCE
RIERZHRET D LR TE S0, HEFHEOER
PRI TROBEX BB TE 20 E1H 5,

Af;

, P=KXpf/K; (1)

2. 2 YRBR

multiple material Euleri: Ti%, &%, “void” &
FRIN A HZRIEY, HUALMEE LTHRI Z LIS
Lo THHBEREZRAT S, HEEAND, voiddEd
L EHEICH L TBRAEIMET A8, AN
Bit 3HEOEMAZMRCHEOH LD
RIBMEWH L 125, W-T, BRFEOHE L DHHR
DFBIBEVICEBERBRICH D, DEERORE
Hiki, VOF(Volume of Fraction) & ##r&E 3,

0L 7Y 3T 4 772K iEIDonor CelliEd L <
IR ikl LTHORTWAFETHD, ZDF
i, BOAOEERHIBERBREND S, EA
HROBBEDOHTHIOWTIIBRE Y, FHEREHET
HIZlEBHOTH S,

FhicxtL, W.F Nohb¥ i3 NICHFET SPH
OIS CTRMARTFEERY— 2 BEL, £OZEH
BIARITIS BB L ST RO ERET D
FikE2BRRB L., ZOKFiEF, SLIC(Simple Line
Interface Calculation) i & 41T Hh, =ZWTZEM

25— P LT



Flow-Out Boundary

P
] . &
€ tgnition Point °
af \ ¥ 3
5|V ¢ {1l s
q * Y- . Q
i \.4@5) mm _ 3
[T s P o
* _ w5mmé , g [
Pentoli R e
:ltE QH .~ Zooming
-/, mm_s (193 mm
?‘L&f,,, ————— - - v~ol— - L
frrssrrrrerrssssazzss e

Fig. 1 Schematics of numerical analysis model.

IS LTOHHBNERICHRATH LA TE S,

& 612, D.L.Young”i®, EANIZKITZERSY
BOLEMOMMORE AER LI, L ENERGE
% TWRTTHHAFRRICH LTIREB L, ®RICZRTHIEIC
LILEL TV 3,

2. 3 BEOZRDRREMIT
2.3 1 BRER

P67, PR AERENTOBRRBRK L FhIC
O MEEONME BEYE L= HBREEE L TVW5,
Fig. 1 1R L ) 2K 2940mm, NE19G3mmDIXE
B M A RN O Ll EiIc @A 5990 g D PR
Ry b4 bEESPOBETAXL, FEERMC
JBENTEH L > TRAEZHAIL TW3,
i, FBO6°IE, BHERE LTHREBRBIT L ERELE

HLTW5,

2. 3. 2 BiFETL

ARTICIE, ZRIEERARNT 2 — FAUTODYN®-
2D"Z A LT, Fig 113, RRFK L RHIBFR D
KLTWD, X}V FF7A b EEHOHRIZIImultiple
material Euler®J5i:%2 @A L, MiNZE2%tLagrange
TR EEBBER R CREL-, BICRRLE
Euler”/ YV v FZDITHUBER A2 @A L, HE
IZHIVV=Buler A v aild, # v a kit Rty
572, 4, 2, 1 mmODEFEEEZ AL LTHVE,
Ry M4 MIIIJWLORIES T2 BA L, 2K
PRSI GE Lz, ARTRIEORMIZ ST,
HEOBME LT I2E5,

2. 3.3 MR
(i) BfARNIED

PR DM THBEEIRTWA LI I, BEIN
DEHIHEERH R/ ERKRTBRICKE A Y
T RFERRONS, HE SO TIR, EA0

Kayaku Gakkaishi, Vol. 62, No. 6, 2001

Pressure (GPa)

100 '
o d
b 0" .
8.0 ? !\\ :\\‘g ’
'nn ! \|l ‘\::
gor v 1o A
‘' AN
IR
VD NG s
40} . N el
A N
LN b e~ Y
20F ot~ T T
e
T S, J:Q,I';S_—%
oo L et T FTINTI STRR e
o 2 4 6 8 10 12 14 16
(@ P.E/sLIC  Time(&)x10
Pressure (GPa)
100 . e —
c d .
b o P
sof § N ine || [lrten
L . [} ] .
AR Point e
eolf 11 % _JEl_
il R xabcdey
RN AN -
aoflh NG N

AN YRR

R t cOTN AN
20 (! \\" : \A"\‘. \:‘:’

N I

T R - e 5_5"‘-3?_
ool L e T L A
02 4 6 8 10 12 14 18

(b) P.A./Young Time (s} x10
Fig. 2 Pressure histories along the axis in the
vicinity of HE.

AR EEICILE2. 1 HOM TR~ EéFi ik
(LUF, PEGEEBEIEY 5.) %, HESIRREREICIT
SLICIEZ i@ L TV 5,

M%E 5L, Fi&, Vorobievh MIE 1 ELLE (U
F, PAELBEET B, ) Young DWW E BRI RIS
OHBEEZEETAHZLICEY, OVHBA Y 2%
HW-BRORELRENIH-HASIR S PE.EDER
ICEATHRLBZEERLE, £, FhbH0EEMN
L, MFIZUTOL ) ZEBALIERTE 5,

Fig. 2{2 1 mmDHUH A v o 22 X HBEEFHOE
NIBEZRT, a~eDHALTPMMOHEEARNIC
BEDBEL SR THAIDICHL, xLylXZEED
HEFINIMTH D, EBUITT (a) PE./SLICIE %
BM LR THR, 2K0OFKOEHFKICHRE
E— 7 RBEFEEL 2V, C-IEHDLERER~DIE
B LDDRRETEERLIL LTY, BoMcE
R R2REIC L2809 RE L TR LD EEZ LN
Do ENIIH LT, FTE®(b)P.A./Young®KikT
%, xbyORABLE— 7 BREBLZTWS, F
fo, HRYVIMICIRE L ZENIRETIHEELTCHS

— 259 —




Pressure 05101520253035404550I Pressure 80 100 120 140 160 180 200 220 240 260

(kPa) NI

(MPa) ERLER

P.E./SLIC

Pressure 0.51.01.52.02.53.0354.04550

(MP2) I

P.A./SLIC

Time = 0.5x10%s

P.A./SLIC

P.A.Young

Time = 3 x103%s

(N.B) P.A.: Pressure Average, P.E.: Pressure Equilibrium; D.C.: Donor Cell

Fig. 3 Comparison of the pressure contours among different schemes.
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Fig. 11 Pressure histories in the TNT during one-
dimensional preliminary analysis.
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(b) In the steel cylinder: #9—#12.
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Fig. 12 Velocity and pressure histories at selected points.
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Numerical simulation method for the complex physical system
accompanied by the detonation of the high explosive

Masahide KATAYAMA®, and Katsumi TANAKA™

This paper investigates the numerical analysis methods to simulate the propagation process of the
shock wave and pressure wave in the gas and/or liquid media accompanied by the detonation of the
high explosive, moreover to simulate the deformation of the structures caused by their interaction
with the media. These two methods are discussed in their propriety and effectiveness over the
numerical examples. The methods are as follows:

1) The multiple-material Eulerian method, which is effective not only for the multiple-material but
also for the multiple-phase medium (both gaseous and condensed material). This part consists of
the descriptions on the unique pressure determination method in the multiple-material Eulerian
cell, and the material boundary determination method.

2) The coupling method between the Eulerian and Lagrangian methods, which is effective for the
complex physical system containing both fluid and structural materials.

For the method 1), we carried out a series of two-dimensional axisymmetric analyses to simulate the
detonation of the high explosive in the rigid tunnel and the propagation process of the blast wave
outside the tunnel. These analyses, modeling the underground magazine, are discussed about both
their effectiveness and existing problems.

For the method 2), we also performed three-dimensional analysis to simulate the detonation of the
TNT explosive in the steel cylinder (single open-ended) in the atmosphere, and the deformation and
fracture processes of the cylinder and the reinforced concrete wall placed near the cylinder. The
numerical results are discussed in their physics over the visualization of the analysis.

The coupled hydrocode AUTODYN® was applied to both the two-dimensional and three-dimensional
analyses.
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