TARFSIRCE No. 591, 1 -43, 365-378, 1998. 4

BNERE AW RERED
HETE I 2 V—Ya v

WEME - ZHER - ARER?

I F4B T8 SEA2EH%E T2HERLt R A7 ATHER (T606-01 BERTA R XS BAH)
TESR T INOKPEE TRRAEEHRI R 7ATER (7155 WNDEFHEHTERS 1557)
IF4E T SRERETAESH THRE (T4 HRIEBHT PRE 30-1)

EELE, BTHLLOBENTHERLERENRIC, T THRERERL KK EPRBEL IS
AOANBITHA*CEMCTFMET 2 -0 CHUEREOEM2AVAY I ab—Ya Y FETREL
Tw5. AR TR, BEYEELICEARLAY, TABVWREVE L2 LOERMN 2 AMITE
PCERFTHECHLCER CE2 L) LEFNVRHETILEbE, FERBIURERCE
W2 EEEEONFERLHITEE, BAEENZRETALDIE, AELT - AMEERL D
HHLERYITY, BRCAVIASA—S2REL. FLT, 2h% 1980 FICH ZARRERD
BELIEBILABARN T - VA Yy THOYRORTH L BHEOBTHICEAL, BEITH

BT 2.

Key Words: distinct element method, emergency evacuation, underground shopping area,

earthquake disaster

1. FAHNE
ABHPLBOREBLITZTOFLOERIC
v, BTHLHBTER, #THE, €N, 75—}
LEDBTHIE, FHRELSBDOALPFIBELTY
720, DL UBBRERLKEBRET NI,
FIRBEAELEIAL T EDLD TREBLZRATK
BhhdI kb, BFKETE %Y THETIH,
DI LRAETCOREOERETE L CELZ
IEREICIBE L, 20ofBRELFET LB D
B, COEILBTEMICET 2 KEFORET
BEFATH20CBBEOHESAZFMCH
ELCEZOERERLMHB L, chilEITnwTH#
HERLPHEBCLIBETYH S IaL—Ya v
2 ik, LaL, RomrBEL 8 8E
BUERKERME) LR EOMBAVDL S -
W, BERBICLIBETE IV a rF—
BHTH 5.
WERPAKZEOKERICBITIAZTOHS
Y3iab—vavosdl, TLTHFEOBE
USROG, BEICRETLHH, HOXT
OBEBEET IREFFLTHS. ThiE, BA

365

BAOREFTHCETILBENREEZEOREE
IEBRETHL-DTHE,. T/, EENLRY
DN, BERTTOEBEREL AT ID> L
BEREVMTFMT AFEIELACHFELE I,
AECERT 20T 283, ECERBIE
DEADPLRETHOFHTRONLS U5, Z0
L) RFEROERLOBEI L OREOAR L
59, BEFTHL VI RERIKBT I ABATHI
EBLUHEBEREMTREAT A ELDEETHA.
Thbb, BEREORBETHICB CTEHEBEEIC
DL LAPERALTVwADP Y EBNICERT
XX, BgERmezasohLoFHL, 2Rk
ey A SN, BRNES,OSHBAOORRK, %
FHEOFHATEICKET L L bTAETH L.
AFETE, BTHE V) ASMTHERLZZEMH
FABI, FCCHERKERCKL L ENRELL
BEADONEOBRETHE FRICIEEL, gREs
DT, BEORT AT IHEEEN
CEHET AT, EAERE OIM w H /o
BITEEI 217> /-,
WHREETAERIPOOBBERSM CHT 5075
X, TRBEDH S OB PLCBEOSE CIT



biT8Y, ZICRLEENLRB»S OER
LELMOARLRTWS ¥, KD AMITEH
EFBATT A0, dRETIEMELDOL D
CRETAHON, ToEHEEEEALLTERLS
DB, HEIVREHELLTRIZON, ZLTE
DFHELOL I LBRCESTTERT IO
Z2H60 LOHGHPICLTBLYLENSHA.
T, BBOBOMNREMICEHT 2L, HBE
KK EL RBEAKSLEE L - BBITEH Y 3
alb—vareitkBicB T sRBTHEL, B
Waldin Erk Y EnwiERL o ORETE ¥R
E LRI EIREREY I 2 L~ g AR~
BHEOREER» O OBBITHENE L LB
FEIB%E 32— gy Ny ) o258
TED Y,
MBEEOEFMECEL TR, CoXEH%
—FeU Yt BsRry V-2 CHBRIEL S
—rRrVEFN D, ZXRTEY PTI—2EF
W O BEFI-FEFNV WREDRY PU—
sHEEFN, FTEME Ay VaBETLI LT
FoT, BAY VaRDOERTERPTE, Xv ¥
2HOBBHARICLIVEELYERLL, ThIZXY
BHEEAROBBETHZ Y Iab—-r35 ¥WE
FN, KEEBTEMENRICLARTF Y v
EFN AL EDRAy YA BETIN, BEEEER
WTHRZHEREL, FOEBEEEHAN HTE
BRET AL LEEREFL "0 301Kl
FOP
BEZOTF VAL T, HERDL W
BEESE LCAHfTE 23R £EAR 7L &,
BESNS o T OBREOELE, FRICEITT
Bo&fbEmn An, HEELEINCE BAR
EFNVICANEND, BEOFHRRCETE
SFEF AL W Ry, HEO LK
BERIOLADEVIFEEZR-THBY, &L
THRy VI —2BEAYy Y2BOEFNVTHVDS
hTtwa, OKMH, H4OANHITEERET S
WIRERSEH Y, FOHEREEIBI ¢, L
REGHBETH L.
chicxt LTRARNE, E8C L 2 HEOMHE
R LT ARME, RESELEORYE
PEKICE L, 2OREEHRDHIEBTESL, X
=, BMBOFNICRAFL-Y, BEAEE CHERKE
2T o720, ALz T2Ew), BEHOY
By, LHEY, tSHENEREEETAI LD
TEETHAE FULICEARTF VY Y VEFTI,
EHe Wict sy yEHOBETH TN,
MENCLALBREEZER LTSN, HE Y

366

LILE HBBTHOFERLAE TN, BEE - K
o Witk aRERABRTH I 2b—Ya v
EBRZOTEEITAL,

Cho#EM, p2VEEACTERERIES

LZERCESVWTRY, BRLBERG, KFry
VR, BEER, MAEER, HhBEERL LS
MRHEATH S,

AHECH/) EFNVE, BEOBEOMNREH L
LT, BYhronist L A Briegs 3
2b—YarvThiH NREMDEFIVIZEIER,
BEZEFVRELEEECHL OREEDOYEMN,
LBMERYZERICANDL Z ST EAR,
FLTITHREIHFERREHAVALEFNVTHS.
T, BBRERLTOYBHEMIFENICEERT S
EVTELHET, ERIKEBLZVETFVNTHS.

BEYI2b—YaryeLTo DEN e~
i, BT ZLEETZ2HBOB4 25H CRA
EhTw3, AR, COBREORSEED
L, ARTTEH~NCH LA DTH S,

2. DIMOBIEELBEKESR

EHOHEICRELS DIM KL A BETHT
?»”d,%ﬁ&&m”ﬁ#eﬁﬁmmum#

, BRoOFEERZEEL, 222FHLT
ﬂ%?é;o&ﬁm#o%%m&ﬁﬁmﬁfmﬂ
BABAYHFERLZLOTHo /2. LIL, BEEE
Fdsd@mLrzn, s CEEYLFET 256
%Y, BEORRCHBEMPRELEET LD
TVHEEYTLAVHAEFELTLET I L WIRK
PHELTw,

AT, TFRROMBELHBEL, L
BEEEOLWIIMEFVORELAR S, T4
b, BEYSELEL: Y ERIEELZBIANSR
ZEKEBWCHBAEESERAECEEAL R
EL, BEY GO cERLEY, BOARE
FThEo7-0, WHAOAEE RBEWBLAEDT 24
WL ANETSHE TELZTREKLTCERT
XZ2EFNEHELL. COEILEEERCA
AR BT 5 DIN EF VO EFIEO SN
3R LELOFRE-1 TH 5B,

DM BEEXFAMKEERZZ I, AHOHKD
EsS*BROTEFEEL2EB L 25, AHMET
i, Freintic & s, EEOTEINRRKED
CHROBNYZEBCANLZEEER L2 ' DA
A 0.4 nx0.6 0 28FK, ANETEE
0,250, BN ESOMBEAICESRI 2. T/,



- Ty
- K-y
B 4

- = by

BWMF—F AN

HES it

H B ?
- s

UERIOME | -

CEVEL

s REFEBIINN | ISRHRE IO RE

BT B

- MR
- W, R

L
SHEMHONRTE

IR - g - AR TR

I WS v+ AL RZESH 2 ETRORE I

No
¢ T REERAY T btn M

Yes

E-1 BEEATRIRT O EFIR

BHREZOENAREEBIUENRESY2
BEW, U~ ROBREBT I AR ILER,
BELRO-EELH WS, 2070 1, 6IX10°
Nnh, 36,1 kg TH3.

Az, BooRBEOBAZE KL, M
EXYBEMNCERT I I L 23T LT 508
BEE, b —EOEMEREILTEL M,
OLEBEHEREPAMECRECERRELELE
HETH. BBTE EETHRCHVWORTE /- DIN
B ci, EXRLYEGEMT AL THD
ZELEToTWVAEY, I CRERAR
BHENS, BRAZEEANF L ERT o ABOL
BHEEY ZBICANT 2N NFTHIARE
EEEANZERELTCY S (E-) .

HELBE TS I FE (=1, 0, 3, -, ¥ N
ERAK) OBGEROKEL 1, TORBER
D,y FEOEMEZEFREFR 1, 1, T 5 &,
EHHFBEANGLToL I 1c%25. 272L, ABH%
MBELLTWS LD, HEESHIHEINL TN
bDERBLTWADT, T—A Y MIHET5E
AR EEL 2.

miii(t)=fix(t) (1)

mF; 0y =7 @) (2)

— BHER/ R
""" REEEEA R

waAm Q

-2 DEM i &k 5 A E 7 V1L

0, PORBTIERT LK, Z2nEnipgl t
KB EEER | KERT 1 FABL Ty &
JMOEHTH 5.

FO= i+ fot fi+ Fot b+ Fue + P+ s

(J=xy) (3)

CZK, fu fo £ FRAEGER I CEMT T
RTCDBROBERERESL - Foyvafy b8k
UCEREZRREAL - ¥y a2y b ronER
N, BT IELEDERMSDEI fury fues
BEHEEFBES IS8 T 2EGBHEED
fro BEUBAMa—F—2Hmd 2B E L EL
Bt 280 f. R T 5. BEEEENICHR
LTk, ABZECit, RERE*EE L 2EE
EBYFToCEOER RV I L LD, fEAAHE
DRHDFEHAEL. FOFHMz 4 CHET 5.

BZl t-1~t 23 AtREAACIEE S —E L
TRy niE, R({), DrR/ITII&CEhm
At CBTEEE, EEFUTOL )KL S
s,

(@) =x0¢-D+x,¢-DAt (¢)

y:(®)=y,¢-D+¥,¢-DAt (5)
x40=40-n+x0—nm+%na—nm2(m

yi(t)=yi(t_l)+yi(t_1)At+%'yi(t_l)At2 {n

ZEo Vi3, LEMNEEYRETILDIC, &
BRECRCA» I RERRBWITRESTTEILL

367



REEERID
RUFFSRAY

E-3 BHREEOHTHER

EAZHEEL, \MHEEOESOFHME .98 n
#1848, TOEEIR LY owv ) HEHE
BEEE (0. Voo~ o) DFERARICAS. chid I @
HBHOPLEERETCHLDT, AFETE—FHD
BHEREE (.26 2E L5V 0012 0 2@E
ERFEREEFELL, COELXAV. EEFRO
BEHERRESTER &, BEREED F 3415
BT 5, BREZRRENRIGCEOERE TS
LABAREREEEE 2o WEN 2BERERY
BrITHUCOLOLELTHRELR. BEFMON
AERE, SHOVIa L —va VEREREICHR
THENICRELE., TOERETEICERS
Ao 0,05 4, T-BREIECEOREY &R
PRAESEH LI CERBREELRALLY.

3. BERDREE

AR TR S OB R WL BEIL, £E
GEZFEESR*ERCRETCELIFELHREL,
ThEHEALL.
HESORECELTR () EE: ) EREE
(BEHZLZE) CHd 5. AR T, BiHE
EERBET A0, BREEBEA - MV Ik T
Oy 7 ICEBSGLTwS, 21T, AIZITEE
T, ko7uy s E&220%kn7ay 7 DEFRE
OPAKCBEESYTEDA I LICL o TERL KT
T2 BRELTWSD, COEBEAEDADITEHT
BREGZEZRLSEE LY, BHOEEY % H
BTy ATHEBERTE 2., 2020, BEER
ORBORRENCIS L CHESX*EET ALE
¥BHsr., FoOBK, FTFR-IKRTHEEBHERRN

368

-4 B Yo E R

BarEALL. FIZEHTOBGERIICEL
Tix, ZOHER P AN@LIRS VK LTE
A Y° DMPOSHAT, hroI—F—DBICLA
HEEAEBRV AR E OS2 HBEEAT S, 2L
T, TOEBRICWAMOBHEEEZ (2 2 TlERK
EF]) O L CHETHR BV LITE & & %17
SLDIHERERERfTI)boe L. HEAD
ERFECEUTOEY) TH 5.

(1) E&
) BEHOmEE

BITED A L OREY 2 H8T 53548, BXS
OB WL B LEE D (n, X5 o DlLoEE
Y%k EEEST DRI, B4 5. In OFEEESS EEY
BT s &NTWAE, T/, Fi6 MoHEC
YBLERE (.50, B 0. 150 OFEYEERT 5
BB EE (MO —44mE) &, 0.5n & &
nTnb, :

Z0d, AFETEE- KRT LI, BE
Y] 2 PLCEORBICBERERE | R FERMA
Hz#s, BREZ] OBEA? »5Z20MICER
25|&, ZOHREEEY | oRL2BEIEEOK
HCC, BIUEEY | ofliEm»5 5. in DALEI
B BEEDRE D, Dh 6% b ETARE (DD % B
EYEIBEFEIRE L.

E5, ZoREEEY 1 4L, BEYOLEMD
4RI CDBA * FEE Y/ EEEIR, ARlo%ER C)BA
FREEWAREREERE L, TAL50FRNICAS
EEBERIEEITHEHGET A0 L. 20
BEofFlLWBEZERE LT, BEY | oM (EE
EZDRLPOEEY | 0XEE TOEBE) 0. 5in
PREBLCHEBETE 54, PRREFZELL.

b ThEN

AP o RLETELEEET 258, ERLD
Brze Wick 2 & 8, 6o FRIA O EETEI R B L,
TE)BORGHEE (AMEFOHE) REE S O
ZEWIcLBE . InTHAIEFREINTNS,



C
S EERJOTIF R
17m ’,’(
v (T
B T fa
c L7m
4.4m

BRI LRERRR

-t BwB LoD oERER

ARFFETCHE, -5 KRT L) KEAEE | oF
Ry by LERER ] OFERY MLy, O
IEESRZ Py, KWFETT, BAEEE | 2904
MAHERZ PVHEICES 8.6, 18 1.7 OEF

WA R AR R P L CESI L oE 2,

Z DOFERNITA o 12K U< RIETE B AT
5b0k L7z, 208, EFEHER A 2BEE
% | oEMnESEE, EHPRE ABVCEEEER
[ oAQERERE L2, $-BES0EEHER,
BAER | oL EEERNICERER | 25V 255
aH, EAREE ] 2hLREE L oFERE,
BHER | »oEEE51E, BeEEoTREAR
YHEAL Lz, BEER ] SERER | oFHE
BBV AEAE, A0S ML 2EEREL
T3,
¢ BULEEL
BHCWVABITELBVRTIEAE, BRSO/
ek B e 4 in PRI S ERATRILBALAL, T
HaE) RO A ERRE @S O/fsE Wick % &ad
LT LEET 2B LEBETHL Z Lo HE
ENTWVE,
ZDORMIEETIE, BH»E OFTEEET
BEAELEABCE- CRTEICEREE 1 A
BEE | OMBTEERS PV v, KT T, BEE
£ | 2FMCHEREER S PVERICE S L dn,
08 | Tn OEAEERY I 2Z 2, F0OHEBRKA
o A L TEVE LT 2 BT 2008 L
7=. FOB, EATEB A 2BAEX ] 0LH

369

°
8

TIME=10.00(sec)

TIME=0.00(sec) :
(1.0,2.0)

Y J

Y (m)

o
S
-

-8 38
(16.0,2.0)

0.00

e e o T T —
4,00 8.00 8.00 10.00 12.00 14.00 16.00

(a) IBRBTHZTWMY AnBGNEES

TIME=0.00(sec) O TIME=10.00(sec)

(1.0,2.0) wE 3

0.00 2.0

Y w

k23
(16.0,2.0)

—T
8.00
m

) ERTHERY ANLEE
H-7 BEEwo TR

T T L a— T T T
4.00 6.00 10.00 12.00 14.00 18.00

EX2OEMS
(0.0,2.0) TIME=10.00(sec)
P ry
TOME=0.00(sec)
(1.0.2.2)

TIME=0.00(sec)
(16.0,1.8)

Y ()

m:ﬂoo(sec);;: 1 g) =) I
(16.0,2.0)

0,00

T T =T d
T a0 0 10.00 12.00 14.00 | 1000

X m

QEBTHERY AL VES

T T T
0.00  2.00 4.00 6.90

2
e
-

BE20HME
0.0,2.0)
CH %

S

TIME=10.00(sec}

R TIME=0.00(sec)
(15.0,1.8)
=0.00(sec)

TIME
(1.0,2.2) L OEMS
TIME=10.00(s20) (16.0.2.0

s
S

T —T T T T d
8.00 10.00 12.00 14200 | 18.00

X m

(b) EFTEZMY AnFIHE
E-3 3 rBECATE

ISl S ST me s T
0.00  2.00 4.00 8.00

EResEIR, RAFSRIR ABDC2EAESR | oA
BERET B, 2L, ER-EBEY - BEAK—
EREECEAZEEE, FOELEL2—FHITRDT
BLODET S, BESOERFER, ThEVD
BEERALTHL. B-t OBHEITERSZ, BEE
¥ ORBERYEL, TOHEBACBMOBGER
BAo TEBEICRIETEZRBT 5260 L.

B4 0n, X lin OFEBICEE (|, Sn OFEORE
EHPFELETIEFE, | AOFTEFERTT 25
A LT, ABfTHE2ERLEVWFREC TR
RV 5 FFEOHB 7o 72, B-7 () R mBAT
BErEE L2 TR, BAER I R0 BES
o TEARNICES, BEYIERT L. —F,
E-71{) wRT &), MBTEHEERICARLR
FETH, BEYD 5 o FRiroTH0oBEES
(16.0, 2.0) 2RO EEACEE L CEBETEH %
HEGL, BEROFEA» SO BESYERERS
TENTELZECEOHEACAPVETT S, £
DRER, BEYE 2O AR Lo BAELIK



Y f{m)

TIME=10.00(sec)
)

§] (1020 (30200 G
TIME=0.00(sec) (16.0.2.0)

—TT u T T ;i T T—T—F T T 1
¢.00  2.00 4.00 8.00 8.00 10.00 12.00 12.00 16.00
(m

X
(a) BETBHERY AhGVEGS

TIME=10.00(sec}

(10,20 (3.0,2.0) .
TIME=0.00(sec) : 1Es A
H] TIME=10.00(sec) "

T T T T T T T T d
000 | 2.00 €00 | 6.0 l 00 10.00 12.00 14.00 16,00
m

(b) EE{TEIZEERY Ant‘"’-\ (REREE)

Bk (16.0,2.0)

—)
(L0,20 6.02.0) TIME10.00520)  rng 210,00

TIME=0.00(sec)

0,00

T T T T T T T T T T T T T T 1
0.00 z.00 4.00 8.00 1.00 10.60 12.00 14,00 16.00
X m

(¢) BIMFAHEMY AhLBS (RBEEHE)
BE-9 BV LATE

o TEITLTWAZ L3

X2, 2 AOBRFTEVSHMNET A CREB L€
FUTTREVORET21T-72. 2OBROUHEE
LT, BOEEZK1 L (L0, L), BAEXL %
(15,0, L8 &L, -2 FhoEBEA*EGKE
FLR0.0, 2.0, BEEFE 2160, L0&L
2. E-8 (i) OF B ND-DDEEELERL W
EFNVTE, MEFBELVOESERREEECHE
it 5 F CHEAGN CEA, BEERRE AR SEH
LTHSCEELIZY, ThiEVRIE, §40HE
HiCH»> THE#ITT A, LA L, TITCRETIH
-§(b) DEFATH, BEEE ] ORI 8. o ZEE
BRI AHERALLS, BAER | ROH0BES
16,0, 2.0 A REEHED | 10 2ZBICALL
ERNEOBELICEELT, THEVOZZDOM
BATEZ AL, BAEX | ORBEB> SHEEE
FIPRA G o TREDTEP BELIZEH»

WHEITT 5.
2oz, I AOEITEY o OB CRA—FE%
F{FHTEBLA-EFVERA:, EVRLOLDD

ERATEIE L SR WA, T/, HErEALTY
HVWIBAS LB R EA LSS T, BHICVART
EVHFOFTELBVRIITH Y Ia V- ML
2. ZOBE, BHIIVWIEKEE | OFTEER
.0n/sec, WMARVLIEEAER | oFTEER
Lila/sec LA BV KAT LI, BrEl
D-OOARTE Y &S hnwE, BHEEE L REEK
EXIIETE, #F»OMBEER | 28I BLL

TR

fmkm (Rl

L r

X
B-10 BLhesdtTrHb08RE
2TLESH., T/, @S0 ERT LI, HBA

BEPERL2WES (360° REICAS LIKE) 11,
BHEE2OBEENEA P LTHH b LT,
BHELRIR2ZEMLTLEY). CORBRDT
DHRENTELR Y., B-) 0 EFRBEERL
e (BT 180° ) Ths, AEKEEK | 0ok
BHPOBREEZIFBVEE) L LTVEHS
NREREE | ofBRICA> Tk nikd, 8
HEE | T EBITERITI &%, BN
KBESAETHS (16,0, L) ICA»> THEATY
3, —HOBBEFR I, YIalb—va v
BERE»SBEGER | 0LEMCH2H LWHERE
HELCHATITE, BREER ! oRBTER»S
BHREZ I PHEA-ER»STHOBEATHS
16,0, 2.0) ICHH» > TEATWVS

() EBREE (HEF)

B L-EEEOADITE T, BEERISHE
WEETI-F -k b L, ZLHDLBDICT
—F— %A EREVE I ERERLBERSE
T4, AFETE, BEEEMELPCIT—F—
FHBLIENTERL LI, TORLHDICER
THRMOLAEERS YL, ThbE, E-10 IR
FTEH, BREErEFESS LTI —F—0
5 1, in EHEHDEAER (HPEHTER) &
L, ZOFEBNCA- 2EEERICHELDZER
X h, fLEELHCKHTAELD L) 2EEL
HVEOERS, fREomLHREFIMLAED
- VOERATHS. FOB, BEEE T
FER &SRB LBRRCL > TRD 7=,

= mvf /r (8)

::K,mﬁ@¢§$@¥mﬁébtbwgi,
rEAERL I —F - F TOHEE, viza—7F

370



—%HLE LT 2 ETEEOBERS T
H5.

4, IS A—ZRED-HDEER

EROZH 2R ICHBITHET LTI 120
i, FERBIUVREBRBIIBITZEE T A —
g, BIZSEEREZONRER, BERK, F17T
BEEBLUCEGEENZRET 22 0DOMEE L
ERHLPITALEXEDS. LarL, AHOY
HERSLESRCHOCETES &3 2BOEEG
HEDCHETAIERBZELALTAPATVEZND
PERTH B, DM EFNVDNRFTX—FRED 2
DT> -BEOHSER Wik, HEBEEHF I A
ozl L LEBRFENPBEN THo 1272
DICHIEERESEL TV - TEESH L. £ T
AWETHE, HREOMEERDERAFEL VI
RFELEDI, IVBVHEOERYEBEAZ LY
HRFTEA2EREITY, TOKEILLEMICHAY
ANRGA—FRIFELR:., TomERBBHREER
NEIAERERET A2 ABEMER L, EEEED
PRETIMEEERTH 5.

ANEEFRER TR, TTRBREFRICEME,
ZOHBECRTRERE, BHKRO { ZOAH»
LRITCHOEHE*FEL TEOFHELRD 5.
RIT, FOEABAREIC 39, IN~ 196N DITE % B
BICEHRICERT L, ABE2HEE1T). g A
oEEFREMEmAmD 2 FECxE L TITY,
REMmAD KT 2 EMEERD, BN —HERLR
28, BWEREE, N~ ROBFE4E 35 AT
b5, EBCAVWEERLEROFEELR-111T,
EFd, fiEFMoERER s ZLEFLE-
12(a), () ICRT. AMENTEHKE L TR, &E

TEOEM-HEFEDNSFERDOFEH %KD,
CHERBRELEBEAEKTEHT LI ELITLEY
L26x10%/n &) ERFROBEERNFEH
PEHL .

Ko, FERBLIURERCBT 2EKEE
Hie525MEEBLURITEEEZRD L 2DIC
2BY)DEBERITo . B 11X, TBICHITL
TH 5 ) ER, £ 113, BRIFICHATAKD
RELFERELTTELLZTEAVWTREITS L)
WCEITTHT (B LTLL)ERTHL. ¥
TEONEBHEZPA LI KRICT—TTAYy V2
PHE, BBREOKTRZETT A ASTHRELL
Mg EICoHEiTo 2. BEREEICEARH
ERITREOMBREYROER, BHEBELD D

-1 FfER0zHOEE L FE

y = 7503.3x

REFHRN)

0.00 0.01 0.01 0.02 0.02 0.03 0.08 0.04
il (m)

() EEAE

y = 13906x

0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.016 0.018 0.020
Ffr (m)

(b) B & 77 /&
E-11 EMERER

H{TEB (w/500)

y = 0.8ix
!

z® . ‘/-__'(.v_/ 2
[ - g a ’—J——_nl
1.00 %/r a2
- 0.50 1.00 1.50 200 2.50 3.00 3.50
#ARM (sec)

E-13 BAEEEDRED 2D OIEEERER



ﬁf_— Exitl e Exit3 — Exit§ — Exit8 e Exit10
EEN v
s [
\ I
1T — i R—  se——— -\_.‘J l =
e | Exit2 Exitd Exit§ Exit? Exit9 — Eatil
o .00 .00 0.0 10.30 | 90.00 100,90 110,60 120,00 136.00  140.90 13000 s 3
5 (a} HHT#
Pyl
I Exit2 Exitd — Exit6 Exits
2 s s - -
3;‘: ' [— b_l =3 .____~__J“i | . =r-==_l
ol P i — a e -
gl | Exitl Exit3 Bxits Exit?
T T 100 0w | 0.0 w00 | 000 60.00 | 1000 W o o ta.s i8.5e 15000 140.00 o0 189.00 196.00 205,50 Fr.e8
(b) T

E-14 AR T —VT Y RTHOFEETNV

DB TEER—EREoTWAI ERD, I B
FCRMERE, 2hllBrSEERBEEREL,
1 DDIN—F (F5ARF— A L2 S5A%— B)
i, RCMEREE2ET 729X — A &
ER*YR LT 2EREREZ, T-ER8RELE
FTr52%— B REFOTFHEL L-ERLR
X ) OoNEBOZTHEERD, Tk BEIREICH
FELAHREEELS: Thbb, COFHLAOHK
ook, FOREGIEHL~ERXELELTTO
B, SRl zo—SREEYrRDT LR D,
H-13 DZ/EEER L L TCZOFEHERES
Oy FLABDTHS, BRI LY, BUHRED
LR ROTFHMED 1 Slsec DEFIC 1 5ln/sec &\
SEEMBONI-OT, FEHROEAEENES
ZBMMEBE%R 0 84n/sec’, B2 L H 1. 33sec
DB L 18n/sec EWIEREPBLNLDOT, B
EROBAEENES L AMEEE L 3o/sec?
L7,

5. HWTHICH T BHETEREMME

I, 180 B RBREROBELS]
XEC LBREN T -V F VB THO LB
THEBEEOH TH* NS IHBITHRIT LT
7=,

BRRE TNV F YT, IR BEEREH
STHOHRLEBABL L EEHICH, 1980 F 8
BIcsEE 15 A, BBE 11l AL w) FABRE
WERELR, 20%, Et~OBRNEELZ
oK 1 AFHS S AFKERT 2 TEL 1986
FEIETL, 198 FREHEL TS, FRABRR
WMENH T HEE IE o, EXH 0o, K
2, Uin' TH Y, E~DRERIE 1 VERT O,
IREGERAFERBTEIRCTCIESRET TV,

372

F-1 BIRICHO NG A—F

r—21
1.26%10¢
6.29%10%
| L35x10°

=22
1. 26% 10
5. 29%10°
L 35x10°
3.02x10?
L4510
7. 27%10° |

MEEE R EW AT KW/
d WA KN/m)
PEERRRERAE EMITED c"(Ns/m)
d CHMATED c'(s/my_ | 3 02x10°
BEERER SR EN CEREE) K "Wo) | 6 62x10"
CGEmED K 'Um | 3.31>10°
| B R EEEERN LA ¢ "tis/a)| 9.79x10" | 1.45x18° |
- CEREED ¢ Ne/n)| 2 1910 | 3.24x10" |
MEEREE ¢ (1) 0. 259 0259
_ BSEREREE ¢ @) 0717 0.71
B ANER v (Vo) 1 69x10° | 1. 69x10°
| TR A MR A (k' A KD 0. 050 0.050 |
BTEE v (n/s) 1.00 200 |
_ RBESTME v.(0/s) 050 ] 1.00
AKX o (a/sD 0.837 1.840 |
. fEtkMEh £'Q0 3.3 66.5. ]
B ESRE A t(s) 001 0.01

I T EBICIE . TEET 44 JELE, /54
HERE 1,210 dh, CohickAEEDH
EHadbaI v, AR TE, FYRABREY
BoBTHEEEOBMTHOHORE I T 5 8
BIal—vaviiTd i, thfnl-
@), okd>icEFNE WL BFOLHE
BUFoEY)THAS.

HRETHEFFERL-FR S E 11 A 1L HO
AEBOSITHRBFALELZE W, ABTHEICBTS
ERgABTHEELL. AEERCIRY, E—
ZEE 1T B~ BT Co | B CH D, BER
WT—NF v BTERSOHIEE CEFOR
AT TCHOAFEBEROM-—EHOBLN T COMBEE
BOF) R515ATHo2. ZEREEOTHEERR
B4 ThEI EEFHINE D, RFFRTIH
Y 0 SERELT, | BHOBEIEHT
5515 ADBEE TR ICHBITHEITEIT
-, BBZoNYPEEL LT, IHBTHEH, Fi



TIME=0.0 (sec)

=)
=3
I
&

NUMBER OF BEVACUEES = 0

%Lbzﬁﬁ#%ﬁﬁﬁﬁﬁw
o
S TIME=15.00 (sec} NUMBER OF EVACUEES = 33
s -
=" i oY e o B : T Y
2
S TIME=30.00 (sec) NUMBER OF EVACUEES = 120
8 juan VNIV R
. R —
s
€_TIME=80.00 (sec) NUMBER OF EVACUEES = 383
o
—
A . -
] C—
o T T T T T T T T T T T T T T T T T 1 T T T T 1]
0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00 220.00
X (m
(a) IBH T 45
S_TIME=0.0 (sec) NUMBER OF EVACUEES = 0
Agj.s‘;v:.--::'f.- BT T R R L A R AR RN IS
& PRI AT NR R ML NI SO o T e TR T n S deed et >
g ke =] -
>3 [ I P e P it T e SE R ST LA o
S TIME=15.00 (sec) NUMBER OF EVACUEES = 20
-s;-’ .. — 3 osn o zs sl
2 L Sii o en & hee R
>3 A 3“%EL* ;REEE!!;;£1
=
3 NUMBER OF EVACUEES = 183
s
:

= 1.7

°
=]
S
E_TIME=80.00 (sec) NUMBER OF BVACUEES = 569
8] ;
£ = e [ = a u—l—l =
>_°‘ﬁ-’ = Ej —= H 5 %___] o o D
=4 D ———————
=7 i =T T T T T T T T T T T T T T T T T T T d
0.00  20.00  40.00  60.00  80.00 100.00  120.00 140.00  160.00  180.00  200.00  220.00
X (m
D) FHBTH

B-5 gERCBY s REBEZOME (-2 1)

THESDCAMLB CEER LICwD & L, NRE
RIC—BEMERER Y TSV VA EE L 2.
BEFOSTAEIEFEOFRTEERETHS
PRENLECAOEITEETSH S 2. 0n/sec??
LREEEREERYS I sTBEENERE
D—BOFETTD 1 In/sec RV COFFT
EEESZAMEREL L TE, ERIVEORE
RO | §in/sec? EFERFED I 8n/sect & L
2. T, BECORITHEE R, BEBKETER
St CKRFFAOSITEED 1/ L LTwD I EH
L, AMETHOELH . FTRETXEFR
BEBEEKET I vwbn it W) T
BITRECL 2RENLEEZH 2, L, FE

kol
-

373

BONRGIA—F2Buifltsr—21, E2&ED
RGZA= 52 BOBlEr—R2¢T 5.

BEMATEIEATIC M 22 o T, ML Emity 5
oo, ERgEEFARCESAEVHOAD >
THE*HBETILOLKELL. T2bh, b
BEOHKER, BEPRH CORRE IS
TEBBEF—-F AN ZEETBRLCEEL
EHARAPEELTVS, 208, BTEEAN
HoEibe, K -BoAkrErnEROEER
ER LGPt T~ BEHCHVNRT X —
PERLEZDDTHE, BENRERE, F1TE
DEEHCEETZOC, ¥-R1,1 CTRLZ-
I-fEE B oTwWS,



S TIME=4.00 (see) NUMBER OF EVACUEES = 0
~R PR e meiEi | TTlgw d mgg ey
N 11 ) e L —
8| [[EER L = =SS ki v O r T - A
<
S_TIME=15.00 (sec) NUMBER OF EVACUEES = 92
4 —
S [ 3
>9 i
o ————
S_TIME=30.00 (se¢) NUMBER OF EVACUEES = 283
<
a [ U
e o a3
7 | | | \
>.g l g = -y e = o471 —
hS
S TIME=40.00 (sec) NUMBER OF EVACUEES = 423
< e
]
= o oo reand =ik o
y | | |
>0 o | ﬁm Tare L—Lr —
=] ——
or T T i T T T T T i T T T T T T T T T T T 1
0.00 20.00 40.00 §0.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00 220,00
X m
(a) IHHE T
E_TIME=4.00 (sec) NUMBER OF EVACUEES = 0
< 3 )
"] nE atrgti R Do ST e T B
£ # | l_:ﬁ = E_..#J :,-il-l
>3] "q«— . T K MR
s
S_TIME=15.00 (sec) NUMBER OF BVACUEES = 137
A?:_Il —
& o o Eﬁfr o mj - -EBD
o b ;ﬁ,l J e o Y Lg!s: 0o
8] —_——
<
S_TIME=30.00 (sec) NUMBER OF EVACUEES = 480
"‘g]| —
>°JILIEE s O Sl S ]
<

>
S TIME=40.00 (sec) NUMBER OF EVACUEES = 568
|
R —
& a ® 1 =] —TE -‘.-:
>°jL =] = N — = _1.TD
=4 ————— e
c. 1’ T T T T T H I B 1 1 T T T T i T T T T 1T 1
0.00 20.00 40.00 60.00 80.00 100.00  120.00  140.00  160.00  180.00  200.00  220.00
X (m
e
o) FHWTE

E-15 ZRBEACBToBBEZONE (54— X 2)

®-151{a), B X, ¥r— R 1§62 hFNIA
BTFHEHHRTHICBT 2 EEHEOREEON
BERELA-LOTHS, [HETH (o) Tk, HE
B, 15 HECREROMECHEE LB T
Wa, 80 BB EBO S, 8 RN D E
BEERBABRICEALTYWS, HTHD T
B, BERSA,S ) BPRICEEABETIBRE
BICEALTEY, 30 BPRRIELACDORE
ERBELXETLTVAI LA, &8, 8
BBRCBITAIHO § OBRERICEEZI VLD
B, BREARFBOEBRICEEVWLDTHS .

A, E-150), dsr—228d32b
OTHAH. IBHBTH () T, BERB» (P

374

BICRSHEOFETHEISEL TS, 3 B
RO, 10, 1A B Rl IR PR
FRICEALTWB I b2 S, L BETKE
WHRE LTHOS §AETHEESEL TS, #
T () T, EEEE,S I BRICKRESHO
FECHEREL TR, 3 BRI ER
ZERBRERICEALTEY, $/72, (0 BRK
RIFLALOBRBESBBELEZT LTS,
E-17 RIS TFTEHOBO 8 R8BI 5 BER
15 BROBKREEEZRLALALOTHY, (i) 2°
=21, b)PBr—22Ths, HEHREOE
whe 2 IEBL, CoBEBI/ERT DR
BiRLA-OOPE-180), b THB., (2 T



¥ dm)

®,59 ® ® ®
® @ ®
@ @ & ® ® ®
2°% © % 0o % ERCIC o
e® 7 @%@ ®
000 a0 4.00 X3 800 10,00 12,00 14.00 18,90 ta.g0 | #0.00 | 22.00 | 2400 | 2500 000 2.00 4,08 %.00 8.00 10,00 | 12.00 | 14,00 | 16.00 | 18.00 | 20.00  22.00 2400 u.uol'
(@7—x1 b)) Hr—2 2
E-17 B#FHHO S ML ORBIRIE (58%)
o o
[=) L)
—
¥g *g]
g g
2 | 2z |
58] 58]
x o =4 g
2" 2
= =
< (=3
:8 “L [y T T 1
oo T T T T T T T T T 1 oe T 1 T T T T
£ 0.00  4.00 8.00 12.00  16.00  20.00 & 0.00  4.00 8.00 12.00  16.00  20.00
TIME (sec) TIME (sec)
(a)r—2x1 by r—x2
E-18 E-17 @ No. 42 VAT 2 H ORHIE
g— I >
N C,efoo g‘::gs-o a§° ‘i‘i"f’e‘;
g T
3
. 1,000N
'ln_on 5.00 10,00 15,00 20.00 25,00 30.00 38,00 40.00 45.00 50,00 T 55_‘00 0.00 5.00 10.00 T 16,00 20.00 25.00 0,00 SB:DU 40.00 45.00 T §0.00 55,00"
FH-19 BHRTHEOS L HFMTH LD 6 M0 RERLE 10 HEEERR
(L-TB:¥-21-2, E-A8:8 H#TH)
k= -
*o o
A —— OLD TYPE e -——— OLD TYPE
“w 3
ge —— NEW TYPE 28 —— NEW TYPE
o 4 < 4
12} 2
83 Se
a2 2
o %
z 4 z
Zg Zo
5] $<]
R &
- o “
b4 S
P T T T T T T T T T T T T 1 o T T T T T T T T T 1
0.00 20.00 40.00 60.00 80.00 100.00 120.00 0.00 20.00 40.00 60.00 80.00 100.00
TIME (sec) TIME (sec)
(a) 7—X1 (b) #r—R2

E-20 & - B THORERI ZROBEE(L

375



BAEIRBEATWAE— 2% b) Tk ! BRI
BhTHY, STEBEOERFOIIHN-FE
ZoTwa, LaL, (b)) Tt 1l BUBEICOKE
HZE—IBELTBY, BERHCIIFEERLIND
RELGENEZTAEILIRE, COBE, BH
BB L o T—HBIZKE 2 MEEA VR
Bic@i, @ TEEFYN, b CEET N on
B—BRHIERLTWA I bbb, ZOEIR
BEHARZ VVOKHMEEERD LS DTH S D,
X EOFMCEHEL T IZIZRTERICEAL -
B oTw/, F-19 3B 10 RS
FAHBTHOMOS EFHTHOLDO ¢ oS
Rk, BIUBBEEIC/ERAT LI L 20HAE%ER
L2bDThaH, LEVEF—21, TEEF—2A
2, RIS TE, FESHFBRTEHTHL. &
ODETI LN OoRFr—vrEALTHS, B
OOMBREIGE) 2O REGERECCOBOLE
FRET2HBELRL2OTHELEBEECEZY
P, FhTHOBAORSP LR EESIRLTYS
Chhrbod, BICr—X21CEHMLL L %IB
BMTHCOBEREZIGEHTHICEREAL TV W
TEEFBMETAS, HRTHOFFBENSA L —
AfFhbhTundinz k.

B THEFRTHCBYLIM, — ADE
BREZHROBERLEZLONE-20 (), b) TH
5, Mokt @t eshrnmtiTHE 0t
THOBHBREERERL CnE, FHEKORE
FToRkER, HOORAKELEHE D> TE
DBRBZORBEFZTLLZODET S, T —2R
Ebvial—varvBEErobTreREEE
&, BLAYORBECHBTHE ORI o SEg
SHERMBEL, ¥—RA1T 80 by, ¥—X2
T BhH) THESEZETLCYS., [HBTH
OHEBRBERDP ST TEHORSRIAEH &
LBl BEBREENER, ¥—X 1Tk 0 B
BT, F—R2TR N BH-hTRAKER
>TBY, MELLZFOEN I ABEICLRS
bbb,

BREN T VT B TEHEOEBTEHLEHET
FHrET s, BEBEOE» O, HBTH
BRIBBTHIIESR, BEESELhoTwEI L
Bhbhor, Ihid, FiICHFHBTEHOEAOR
BolbDD, FOBKVES 1 FrLWMATE
BRI h o L CERT S A, ¥— 2R
1 DY Ialb—YarvERLS, BELLEITH
BEo#Ewsr—X 1 OFPRGEERRTOHREOE
WHEULBNBKREL, T—FT7 7Y a3 vBRERR
NE WA, BES TR EBEOROFTERES

IR AL 1/, BITEEICEIEZRES
LTREL B b ol

ABFERITIE, BARAHLr -2 %W fo 2z
O, FITHEEL L T2ER Y LEL 52T
By, I-BEROLETECE > TREVOR
O35 2Twas,. L7 > T, EERL 0BT
BRITPATWELDD, BEVWEBLRTAEVWE
BRAECLEZW, Larl, KERCIREBORKEC
BKHELTRBHFAFRESINIZTTHY, HIEE
BHOBEOHEFT LA L > TiE, 3. TREL
ETDE—FPAEHCERTE . 20201,
Bl IEERRPERICETVTHITRE L RESCE
ek hgEfbsenzy, AEORE (kKKKks
BOERBLEE) PonBECBEOLEBNLEY
BRI AR Y, BEO~OBEBLHES
PHEDCERETILEND 5.

6. f&5R

AT, BEROMTEHICBITS IIMEH
WlE e BTN TRERET AL L ED
12, Y3alb—YaviSELR DM NS A—F%
ERPOLIRELR., FLT, EBROBTHENR
WY Ialb—YaviiTye, FORTHTORE
BHOBH:BEEZ RIS TFHEILS
HizowTomE 247 - 7-.

AR TCITo- s, BIUBLRIEREIRE
TOEYTHAS.

() EEY OO, ThiEN, EVWARLLZEOA
BT8P ERTCESL N EFVEREL -, &8
ZRTOYBOBMS FMIERFT A LW TE
HHT, HECREVWETFTIVEVZ D,
DAEOASFEHERD L 200 AMEEREER
L, REBORTEELMEFEL KDL 200M
REEBRLITY, BETHBETCAVLI AT XA
YHBELE., TOEFELY, AENSXER
L26x10'N/n 2R FMOBEERAAFERE L
2. E/, FEBOBA#EENES 25 MEER
0. 837n/sec!, BABROBEAEENZS 2 5ME
BEix | 840n/sect LW I EEIBS L.

B EBIZBFCARABRERBRYE L-BRR
M- b THE 1989 ElckESRBT
HEMRIZ, | DOFTEELHRE L THRBTH
BEFEEITo 2. ZOKE, FITEEOEVEED
HFHUEBEERESHRLE L, KELNHPFHEK
HERLSVRE, B8 THEAIEREOBRORT
FECEEIEEAL TR 25 b oz,

376



BRI T VT B THOIBRTHEHFHBTE
PREREERCEBRETACLIIRED, Fi
THEEATHICHSEESELETTAZ LS
bhoi,

SEXH

) EBME, ZHER, MRS EKRoBERET
Brial—var~0ENEREDHFICIONT,
TAREATOCE, No, 537/1-35, pp. 233-244, 1996,

) AEAES, B, SHRL, REEW . HEAE
DRTCOANKIZ L 2EEI ER/Y 5 ABEORE —
D2 AL LWRIOEEDS L UHREIERS
A A BEEHORE —, BABREEARUREE,
No. 302, pp. 67-75, 1981

LB © BERATE)E P VISR T BT — ASRIR o B
LB ERL TP VORE—, HAESEAS
R4, No. 325, pp. 125-132, 1983,

4 FIEHE . RA KON OBRITRNICHE T 5 HER
BLUOEVIaL—v 3 VIR, B EEFHEMRER
WHE (—HHEB)) FERERES, Report
Ne. 34-1{17), 1994,

5) B SHE  EWAKE ORBITE FHlE T VoW T,
KHE, Vol. 38, No.2, pp.12-20, 1988,

§) FiGKRREE, SFOR—  KHEHCIBIT IR L B
TEOY I 2Lb—va L BRI (1), BARERRR
oS, No. 327, pp. 108-115, 1983,

NHEBHED, BARY, ILBEE | KRAKROBETE Y
a3Ib—¥vav, BABEZRHANHESE, N i,
pp. 142-148, 1984,

8) ANEHEE, IO | RBEHY I2L-Ya YHECE
HRBAKEEOBFRATEIRNT, TARESFRIE, No. 35/
IV-4, pp. 51-59, 1986,

0) M, MET B e, WLHH, TEIEASS  $EHO
BRI T A0 — SR TV OREE—
HIRR PSR CHREE, oo 165-170, 1993,

10) 1B, SERBE T [ ESCAPE- I 8RB 7 T 0 —F%
BBWi-BETEY I 2 b—Ya v - v RN, [SELEES
SROCEE, Vol. 26, Nood, pp. 609-616, 1985,

11) S HEE | BEZTHICBY R HTOLDDY Iab—Va
VEFNVORFE —F0 | BEREF VOB L 2T
Wo—, BAGESLP AT HREAE No. 283, pp. 111-119, 1978,

1) BT SE, fTEMA, HEKR, FEEE, PHAEZ,
FHEE  AM-ZHR0HE BEHEOLDO R
v I —s - F— s EFN, BABREERHH
A No. 298, pp. 89-97, 1980,

13) EJIE, ML, S%Es, HEET, £ A
BEBRICESSEYAKBOZXRTRAY F7—2,

»

377

B I2L—varvIYATFAORE, BARER
K -BRVATFAHNERSR, % 11 BFERIAT A
TURTY A, pp d11-406, 1989,

) dEA ¥, ZHER, HHME  BRERLBEED
BOBHROEEL ZRIAN-BEITHY I 2 L—
a v, TARZLHBICHE, No.537/1-35, pp. 257-266,
1948,

15) B =BR, /MARIESE | #MHBIKEE O Y X 7 adkicH
THHE (D) BRYRFa0YIalb—Yar, H
AR ST ICHREE, No. 258, pp. 123-130, 1977

16) {FE MR, =HER, AL, IgE— BEIEX
%DM 2 AV BEITH I al—-vay, HU £
WL SRR ICHREE, No. 4, pp312-327, 1804,

1) FNBAZ | BEEERTOSTEICOWT, BEHMEE No. 4,
pp. 15-19, 1954,

18) FEHF KK, FESER | BERER ¥
Eitt, 5% 1983,

19) SEH—IF, WHEE oy sREOBREVITHEZDOT T
alb—=vay, YAFAERH, Vol. 21, No. 6, pp. 331-338
1977,

0 HERES, B, BMESS A7V MENEEY
BW-HEREARTEI Y 32 L~ a Y, 3 BATHRE
SOOFERAHIRREESE, 1p. 617-620, 1989,

21) Cundall, P. A, . A Computer Mode! for Simulating
Progressive Large Scale Movement in Blocky Rock
System Symp. ISRM, Proc.2, pp.129-136, 1971

1) RINEER, BA M AV FVoOBRRERE:
Ao BB REODENKB OB, TRESH
ST, No. 333, pp. 137-146, 1983,

1) BRAE, AFTE ARFEYIaLv—-Ya i
kBavsy— MEEBERK, LRMAFTR
R, Vol.63, pp. 409-468, 1988,

W) Fruin, | BBEXR . SITEOLEHE, EBHEE,
1974,

25)Hall, E. T. : The Hidden Dimension, Anchor Books,
pp. 10-22.

26) BRSNS, P — . B L -BEECKT T S BHURTE
DERATE), SMTEOEBTENCET A (1), AAE
SUFOFRCTEEAL, No. 418, pp. 51-57, 1990,

1) BATRIS, iR K AT BIT B KTTE, B
PEASEERATE, Vol 10, Noo5, pp. 300-313, 1984,

18) FEAAKER, PRAE, HEEH  HTERHOMET
B oSN, RARRWARFRRE, N i,
pp. 39-47, 1983,

W ERER FEARW I - VT EFABRBERC
20T, KK, Vol. 30, No.6 pp. 3-8, 1980

) BETRFATEREER - AAEER, FPBHLE-
YARTR, MBHEEHE (HT—-Vv7 B TH)



BHRMAE - - AEHYWKLOHEBICX 3. 33) Peter A Thompson and Eric W Marchant: Simplex;

I BABERZAN ReFHE ] REFHEORA, Developing New Computer Modeling Techniques for
®EH, 1931, Evaluation, Fire Safety Science, Proc. of the
30 BB . 5 - BEPIKEEIRE 1985 5K, A fourth Int, Symp., pp. 613-624, 1994

ALy —, 1485,
(19376, 9 &)

SIMULATION OF EVACUATION BEHAVIOR IN A DISASTER
BY DISTINCT ELEMENT METHOD

Junji KIYONO, Fusanori MIURA and Hiroaki YAGI

Distinct Element Method (DEM) is applied to the simulation of evacuation behavior during disaster.
Motion of each element can be compute by solving the equation of motion step by step. We proposed the
algorithm in which an element can avoid collision and pass the other elements naturally.

The DEM parameters, such as spring constant and driving force for human body, are determined based on
the experiments. We simulate the evacuation behavior for the explosion accident that occurred at the
underground shopping center near Shizuoka Station in 1980. Based on the results, a new underground
shopping center, which was reconstructed after the explosion, is safer than old one from a view point of

disaster prevention.
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