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BETKUKBO LA D15 — SHBEBYIARTEEBEDOR TR CAEL, FERicHERE
LT3, ZDHERYP I~ 1+ TR Ih BBKEDOHNEBA 1~3cm 0B X T4

199156 A8H0XRRERER

E3 1991%6A8BNKRESKSORAYN
Ll | 33275

""""""" . 0 50m

E-3.6 KFiAGTHERXKIR CORE + v v > EEIEN
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(m)

R
'I__rl-“_g1991. 6. 30)
KRR
"4 (1991.6.8)

0 1 2 3 /; 5 6 7 8 9 (m)
E-3.7 W vy s (T-2) ks KBHASTARKEO
Ax vy ¥ (Firues LCtEAG )
MLTRY (BE-3.1), AEESTEKEIEL, FLBHELIKRE ., SOXL3 Iy —2
HeRE M 1 10e3k, Sparks & Walker 12 X » ground-surge deposits*® & B, i KILITH
Lo KR O A REHERRB O Tz Th LIELIEZOFENRD LR TS, 2DLD
iz, KPR KE O LM IC R\ T, REBO TR — SHBENIFETH Enb,
Sparks EAHE L TV B X S I KB 7 v v P S EARERLLHHENSARED Y = v b
ROTHBELET B EH AV IIHHELBRE L T3 X 512, KEH & BEI KRB
EETRAGTERY SR CBRET AR 0 KBYY, - o ROEEOE A EZHEL T
WHIEBELLNE, SEOFEETE, - THBEDEREr vy F T-20E KO T—

BB 3.1 KHRAGHERREO T
R b — HEY
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3THRDONT, BN REECE T - Tw5 2 &5, Sparks 0 £ 7 /049 TIZH B A
WEEThsEEbhD, AL, KEHEHALEICD = v MROFAPEEEE NS L LEES, &
FEMOWEHIE BRI X 2B RIFARD HERE/N X\ Ric 2 KETR, FihFRIicEs
LT, ZOHBEDIAEID FAICEE LT 5 L 5 BHEBBENZD Sh il s o
2, FAEMVVYFT-1, T-3TREDLH L LRHRIATV, ¥ —CHBEHOHR
HEOGAHEER T, WA TH D, LA, KERLARMOBRBMTIE, K
HERE L AL DR - OFEICER L il b A Elr bR I sy 20 LRI
LoT, FEILLNLMEOKRYL, HEK~OBTELE Loy — o RomERh LT
BLTkh, BARKETAETEABEL Th, +— 23 FEBEEL FARETIZETL Tl
T HEEL, Tof, REHHIWMFTHLich> THOEBYXERB LT HHN, =57
WELTEIWHENTHS EEbhB,

KPR AEILOHED L b v v FOERMIThics oML, FOBEREHT2~2.5
m BE & IR <, bl 50 cm BE L b, EEETH L, KBRAEE D
KEHBIZZFETH D, P cidiihib (nverse grading) BEn@@oons (EHE—3.2),
HEHOTH TR Icm L TORBEROM OBEEL S < EEh, <t Y v 7 AETHD~F
WHRERTH B, LMEFTIE20cm L EORBEERNRE S EER T\ 5, ZORORIE, FE
DEMEE~ABY AL L, REBIEEALRbhi, T, BRALAEEI LT
EHMLTW5, FIfl (0~7m) OEIBETIE, TREEO — S HEREY 7 & ORI B ILED b
R, 1m KOREEMI L CBBRELTR T, ZOMTREEANICHE S 2372, %
Vo ZOZEBICE LS L b RBICZ U £ BB TR IR TED, K

BEE-3.2 #AE v v FCBT 5 kKRBHRERY OB
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E BRSO RIERE (BE10~20cm BEDOLOAXTEHATH A, drizEE 1mHED
30655) RATHEECRD LMD ENL—RBOVREF AT LRIs®D, TDX5
Bo T, BREEIRFEOMVECHREDIBENEL, ¥, IOMCRILKBELLER
~HEAEASEBOOR B, LIED 13~22m i3, TEE(0~Tm) & EREOHEY T
Bbh, EEBEIDCVD, AE IV v+ T-1, T-3THEIhLAREEBDCOWT
b, BELEDEVZHHH, FRORKSLAKEEROE, ~ 1Y v 7 ROBRME e &3
F, ARV VFT 20X nE@ABETDH 5,

bk, SEBEONFELE L KRITERY I, BREERRDLRBI LD, +
AREBWCTERARAOREACERT2HK LA LK, BEY — »AER O BRI
KEERYERA & T 5 KBRAKSRICE TS, KEERRATOF BEERC X 558
EHOBHECENS B VCORREL - TKELNTREBLELR T RAEENFET SO
EBbh3%, EMEEHETHEREL TV B KBEOMAORR 2 EEICHEE L VIR BE&H 5
b, BROAEEMNFECEHLIEEL, BRIhENSGD, IO ELERYEIEL
TWBRTFR L G5B,

3. 2. 2 KE-HERIOME:

KT HEBRYOYUE LR T B oD, 4EROREI vy (T-1~H) KB THER
Bl s BemERE JISA 1214), NERE (JISA 1204, HERR (JISA 1202
T o1,

KRR OBETE, BETE RREER), 8Kka&4, 1.361~1.994 g/cm?,
1.236~1.883 g/cm?, 4.8~6.6% & HEKANE DO X IZAE WA, FHT 5L hTh, 1.667
g/cm’, 1.548g/cm?, 5.7% ¢ c5, TR FOBEILFH2.616g/cm® THBH DT, TREIX
40.7%&7eh, —BEEBOThE ZERUCEECHE V BEEXTRL T35, FRNEd,
0.8~2mmBETHH, vV YV VI 7B 5EWIRIBAD LRIV,

M—3.8 X4 EOLERBRTH LN A EMERFH O XBRERY ONES M LMo kLT
RELLABRDOFH (€3 Y RKUPBARCThIERLRB T 7YV v 7 Licd D) &
DHERYRLILLDTH D, BAEV — 20ORBICY » TRET 5 EMERFE O KRR ELO
R ObRMNRE, FAROKBRBEMRBLET S 4 5 € XUO LI ICHEBR 2,
MR ORHEIC X - TREL Y F v R KIUDO KB ie KRIHERY O L h (PRBE dso © 0.
4~0.5mm) X v b EEMh e bV, BINBEE O KPHIERY 0BFREI19.5~49.0
BEOCHEYEY, NEOCHMIMBNIELS BV LT 25, BEMHI2mm U EOBOSERIT
30~50% & %<, A b RO¥EE (0.075mm LLF) DZxhii8.3~12.7% L Vs DT
B5o

3. 3 KERoED
3. 3. 1 BUMREDR)IFIRICH T3 KFEROMTE - HRRR



50 LEEAERETREARTREE H52% H1E

ey AKLOXREEAN
($3¢7/ILE PHIVOLCSER)
100 r \ ’/‘
> - vF7RXUOXREEES /
1 ($3¢7NeR LRRRASE) ,
B -
& r . S0 AL ZRERGOXRERRY
i i RN EBH (BESTHELR)
o 50 |
g | ' ™ akuotrinny
] (TR JlbikH)
L ?\;at'_kmmgsﬁo)mw&nmm{t #.1985)
0 l’ﬁ‘rrx‘—' 1 I'ﬁl‘ll‘ 1 1 lillllsl 1 1 ll|lll| 1 1 1 ' .
0. 001 0.005 0.01 0.05 0.1 - 0.5 1.0 5.0 10.0 50.0

#E (mm)

F-3.8 ZBRELDOKBRAGTOREEY ONES L
o kLD Fh & DB

FERS5E6H 24 HEEMWEBEEH 11 F — 20 8t - TRE L KBRE, FREJI
WAL, MTOBBRTET—EAILL 2 %EE « B L TkohbOW TERE3.5km o
L, MZEFERFDEERIINE £ 20— KBRTEEYCEE L CTETHEH, B
BEIhTWERYG, BTF—EBIUL £ BRI LAMGBTOBERIL, B coMRBEHOEEIC X
hvn—==y t OBRENRETH B EDBEDIYD, RALAISE D, TITRIOH
IEFaH, 1oD7r—2=y b X hBRRLEIDEHFEELL,

3. 3. 2 RFNEPEIRRMICE T ( KRRTFTEDHEE

KRR X A ERIRENE h HE—8S A0 tonf/m? & (RET %, & 2RIGCHEETHIN
DR, BAMIGEH, TGN o THBH, =2v 7Y — 0BG, EMBEER FIREED
10~15 5L K& VDT, B REN ot w2 THRET %,

B
£ s 19
L] — 2 L ] L] L]
= | V.B—B - .JIEZI +6-V-B 20

Tk, VIBWUFAHE B RBIUFLAOMPDECKTLIERE o hiF5RIED
T RAMIEHTH B,

KR X AHEf BT Ehicy, EBMNEIO=2v 27 ) — b OBERXTROLS
ARE UTco & & OHERALIZ DT, FRSFES5 A 29 HOEFABELLHMTHL, 6 8
23 BUBTO L EHIC X » THBIEA D, FRER I OCERMUTRIEHEDRETH Y,
ERMITOX s KT TORBIZA~SmEBEE LA RS, Ff, av 27 ) — FHEEIROW
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®-3.1 XBRUEORE O

RIFIIEAT 5 MBHER h OHEEME

4m 6 m 8§m
& A OHWEICITAEER : B (m) 3.0 4.0 5.0
£ AOHE:V (ton)
KBWEHE | f (ton/m?)
® BUNMTIE T X B HEEE 158 140 131
O3B X B HEE 35 30 [ 21]

TiY, & 20—BIRHEEY oc=210kg/cm? ®AWHEEY r=1/100,, 5|REES 0:=1/
150. L RET D &, ot 1dkg/cm? i3 21 kg/cm? & 785,

CHhHDREBEESCTEH L KREFHEI #EX 3.1 rnd, KBRAER, £ a5
BEIh TV, EROfXZhOOELUTTHoBEEIRD, EHIL, RAMN
BIXUBIRIEHTIIBIRIEH L HEEBEOFHIVNEL, fi1327ton/m?2 X W d/PhE ot d
DEBEEEIND,

3. 3. 3 RFERHIRRHICE T CKBRTEOHTE

FADRER, DEMRCERIRTEY, ZOXBETOBRE, GEOFKE S KRR
HMEXYET S, BBATIEER, WXL IFAET S,

_vVtang _. .
=4 =1.0 @

Fs: +RbD&ELR ¢ EREONTEES
BT 5 REEER, TROXRTERIWS, HEDOENR, FA20ERBBEETE
RFRCE o, EBEOPRIZER TS EEEL .

Fs

he . ¥WE

CRT ¢=30" LIREBL T ZRDEBRY, R-3.27T, F 23EROPELET T
WhnwETsE, fR7.7ton/m2 X h /P I hofcbDLHEEZ NS,

RsT, ThHEDHERER,»D, BF—EBIS 2ACfFR L R EHOWMMES 7.7 ton/
m* RETHoTcZ LBHEEE NS,
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%32 ARENEORKE O

R fEET 5 BN h DHEENE
4m 6m 8m
£ AOHERHIZ IS5 EBIE . B (m) 8.0 8.0 8.0
#ADHE |V (ton)
CEDE I » L) 154.1 154.1 154.1
KFEHAE  f (ton/m?)
o BIGAI X B HEE(E 22.2 14.8 11.1

O S [RIL T X HHEEME

19.3 11.4 [ 7.7]

FAM KPRAGEROER) - HRBIRICET SRR

4.1 KBRAEEBORRYEHEICBIT 5 58

4. 1.1 EBFE

KRB 30cm, £X3m, HX30cm OEBWHEE RW—4.DTHh, AL »b
A EFTELBIENTES, MBOEARCISAROR-F AR+ =V EHEODTHD,
AV TV H—hbELRRERRIA-FAR -V ERATHI LRI~ T LR —THK
HEhs, TORBER, ERPDONTMERAIBAI L, RRADT T ERDLHBLIEEZ
LTED, a v vy b — DEKAEEEN XK A 10.8 m?/sec, FEH Tkgf/em? THbh, A

TR > TRRIBE LA
&5, MBEOK WD
AR, a2V TU e —h bR
ZHEL, —RCy— P EF|E
EFsE, tWHXREMLL, &
HETHT T 5, ZOKkRFLIH
Boflms»s 2450 VIR tHF
EL, f&E RBEZHAFREL
oo 7, BRMEEX—EQ=
10.8 m3/secX5sec) & L, *
WE QL 5L 7L 10D &b
Cremi G, 105, 157, 207,
25°, 30°, 35, 40" #EILI¥
THEEOREHELERD, #E

Fosi~
kRKRLS
b &)
VI &
(28 '
(Bfikcm)
E—4.1 KkBAGSOEB Y S

e B AR YY1 3 2
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EX—TBECE>EEFELICET S L L3, ZoBERCHEWT, HE « HERELAR L
ED XS BRI D B BTN, DWT, BROEFEE L WE L OBRE TN, s, £
BRCHW2E, 0.019cm of—NET, BHEEEA 27, BILEEERMA35, BEX1.543
g/em® TH 5,

=7, MR EBEECE 2 M BOER T, TWOBEESkg L, 0.1~0.3mm
DENGFE7S5 AT vy 2DERKOEIS%, 10:0, 8:2, 6:4, 4:6, 2:8, 0:10D X
S B E R, ¥, WTFHOBERILIS, 25°, 155D3 r—RE L, ZEOLBHEE (=
VIV vy b S h A RREYRBRERE CRL TRDIME k2.4cm/sec D1 ¥ —
AELeD, ThRSEORREGTRIMEMLLICSVWAEL 15 2242 T0.1~0.3mm
OENG 1 ORI BEEB T OEWEREML IR 2D CLBELRNORELYEKRT 5,
KERTIZ, TERBTORELHRBELXAEL VBE LA VIR »HHFEL, XRBIRCEEH
% ARy D ELER & PR & DB, KBS E ¥ h AR5 O R & FERE & 0BfRic o
WTERL T,

4.1. 2 EEEQA, UM LAEE, HWELOMF

R—4.2 3I1:WEXEMLIRLBEOARLLFE R TCORE L OBFEERLLLDTH
5, AEMVRRIEYE, RENKEL kB, ¥, BHEBAI V/PIVHRETEERBL AL
HZERCRIMTHRE (BB HWREVCBEDHEROET S MEOWA OBREINE L B,
BEBAOABELLVRZIRI ) IREVARTE, RTHEKCHrbLTIRIER CEYR
3.

K—4.3, HhiEHRBLRTHERCOENBEE H/) LHERK (V/VL.) Lo
BIRERLALDTH B, 2, VI BEERTO7 v v FETOWE, V.(=/gHD : &
BEETHD, MERBRIA~TREOCEY LY, EMUYBEHEETCOXRKLSB/LRIMEL
PN

w
<

b 0Q=101% H || 10
° Q=71 , I i
g P : 'L
= eQ= :
> g'Q | v/vg ® o 8
r 8 ] E o ® e : 8
. | ®¢
8 ot b * e o |& 20
€ - ) ®- 15
° B x| - o 10
1-or i o
) : 2 :
' 3 . 1 1
v
0.5 | Y il 100 200 300 400 s00 H/d
0.05 0.1 1 =tant 0.5 1.0

B—-4.2 FEL (tand) & FEDBILR M-4.3 HEMNEBHR H/O LHERK V/V*)



&# (n/sec)

by

FBEREREDREHRTRRE H52% BT

V {a/sec)

~ w
o o

[ Julss OG?O

EREE B 4
*® o0
* S

_n U aa
nwyowo
v e e

oco

@

-]

—_ 1

0.5 1.0 a (ca/sec)

ioxK LA (cn/sec)

®-4.4 EkfAzoRKEREELHE

E# (n/sec)

©---H7d = 100 \8§8~~ .
®---H/d =50 AN ;-:9..'
oO—-H/d =25 o\ \-._.

! d=0,0l9s o \'{.i

i \
. llo L - 3]0‘

0 20
5

®—4.5 HELEREI BELEDHIDO
BhOBK EREE

K—4.4 B OANEELE 2 BED, REEILBEIh 3 EREOEK EAEE LR
BABRTCORE L OBFER LA DTH B, 2FHRKERKO LARENKREVWEEELKRE
K EBERRRDLI D, BERALHKEVHRE T ERE ORK_EFERE LA D KR
MoORECHE HhHE LI, 20X 5 RARTCRENOMNES ARG HEBL, B0 LA
EEI LT L LMBOXEER kb0 L Bbh s,

—%, BERARERLRRERUT TR, kA% oZRg EAEE MM - THES
SBcH#mT 5, CoBHL L TER EAREOHINC X 5 NMEREOSIM B HE LD
h5, DORBRBIEBEI 28D 5 1-b0R/NOER FARE & MB IR & DBIRER—4.5 1
T, RBEBOEI Hiz, FRICAWABDOZE (0.019cm) © 255, 50 %, 100 0=

LL, RBOo—RKMiz&E X, 75cm, 18
bem bl TR EH—CRKEOD
7zo AEIL, X—F2A -V ETOE
ROOBEERALTLEL, BHEOoDk
WREBMRE—-5RA -V EwEDHT
T OBRNDEFHELXFHAL T, kA
ENEFEAEECHRE L, ORI
Ihid, BEERAAETIE, FADD
TrhBERCTHBREXBE LD 525,
AEAHERICRB I LA, X hK
EEI EREENLBERRD Z LE2b
» 5, BHE»P10°~12° (tan 4=
0.18~0.21) ¢ HWEEBIHEREBIAK
CEEIL{<kh, FENT (tand=

7
9 —
§ 6 o—® T

®
=]
T 5 //’ _/,O——$
= @ 0/0
ne}
F 4 Q/ o—O0—9
‘__;E 3 /O 4B(tand)
= ©0.70(35")
©0.47(25")
Z [ 00.26015" 1)
’T— 1 ] 1 I I 1 1 1 1
0 50 100

KREKRENIAKAORE (We /Wa+We ) 96
WV1754779:@il
Wc:0.1~0.3mmotpoil
R—4.6 kB E&Ehs5BTHOR
We/We+We) &7 e v+ EOFHHE
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0.12) LIFTr, #BEE2RLKEY T, BEBLSROBKOEKFT R (1 7) R Eh
foo HBEBEEL LIESR, TOWBSEL LT, BT, AZHDOEZLAEENNEL v
Hh, HECEOBRIOVWTATAS L, REBOEI I LY, BIERAL X 5 KERER
3

K—4.6 c, KPHRIZEEh DN IHOLEL 7 = v  MOFHTE L OBRERT,
CORZINETSAT7 v 2 DEBEAREVEERENKE L RAEANK THROAEI
I6TRDLNB L, WTMOFLN35" OBE, 7517 v~ 2 DADOHEIOFHIRE
120.1~0.3 mm DG D LDOFENOFHHEDHK 1.5 AV EL It T B, 75147 v
a2 DERHRABEZ LI T, S 0.1~0.3mm) O FHEOMBREENAE &
b, BEDOEBE & OENHENI/NE L bbbk LTHRASL b2 &, RNFHERZE
DEGEENERTHZLENBHELTELLNRS, —H, 75147 v 0FEEEN
WREBZX DDV D7 547 v DEBHROBEIMCH 5 LHREOHMOBEHVNE L
ith, 80%, 100%DBEFEFERL LS RREMBEEL 85, T HIL, KBFKCETh AL
DR LTERE L OBRY R TCHRDE, 7547 v o2 DERBHIHEL 5@ ETEREIX
EL{leoTBY, WhBIDOBEVEL LaERARD LRI,
4. 2 KEERFFEPOREEST - REIHICEET SRR

4. 2. 1 EB&F*®

FEHKIZEX5.3m, 1B30cm, HX30cm OEBKEKTHD, HBREI»LEZL—F
B EHeE s o nTED (R—4.7, B bWy <—%FEBL, NE0.1~0.3
mm QR (WE2.6) 1057 & bV —+—AOKER1.8~2.2 mm ORED (JLE2.6) 451
DEER GH150 ) X OPIC 1 BDORBREBICV-Iz, FRCAVCCEEGDOEREK, g
BAIA 4, 35%, 35°TH 5, MBHEIT20°, 227, 247, 26°, 28D 5EE, WMEEH, L

Hon-

&
% @&g

(B+.. &
°-1m -2, [aviraven
28" )| 20027 /sec
gpg  EEAR [}3
l Fl A thinza
A3 FABME  HMEnkid

[-4.7 KR ARGIROEEEEE 285 5o
3 B T DRI
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THEKOLAEE 0. 4m/sec TH Y, REKICIFHFHE LTIy, KBTI, %
¥, HhOBEHAOEESA BT 1, HBERBBHEORICHE VIR A 5
(200 = =/sec) #REBL, TERBCBTIRIFALCCFEIRAOKRNZBEL T
V=4 OEB OB AT L 1o KT, RERRTCIDEIEE FRO®E 5cm) ¥#
BlL, EERBCSVCTHEZERL CHEMERY ) ORREORGREKE L L LL2LEW
BEYEHLL, 26K, REBERRCEROBE2ELLSEOLHERIERE IO 2
mm, 5mm, §mm, 11mm) ZHELC, FHEWMOBZ & OBEMEEY I EREOEREHE L
BROCKATAREE DD, H4x0LHRELERL, hoBRIHROLHEREST
RD,

4. 2. 2 EEL, REHH

R—4.8 CEIFEOEESHETT, & 2T, HEho h/H 3MBEK»SOHE h & KB
BHEOW HEoV,/VIZFEREKGOhOBICKTS Vo L BAHE Ve DEERL T
VB (BN H 20.8~1.1cm, BEEROBAFER1.8~2.4m/sec, HolOBAIE R
3.2~4.8m/sec TH5), h/H & V,/Vu & ORI, ZEHANLBER E Llce, HFLOE
CELTRERL XS hEESARYRT, EESAELLGHMTHE, 0k Rithas
152V FEDIECEDERLRS,

K—4.9 ZMBAE & £-HRE L OBFRE TR LD TH 5, MBI 14~18 h
FCRAREOHEMIEHA L CTHRHBENEMNT 5, DoBEEBAMIL TS5 HE L
24~28° DT LHBE I 50% & ZIEF—FBDOELXTRL TV 5,

—7, NFHOEM X 28N IICH 3N FHERT S L Z0BNRIEHIL ) ERBLT
WHLTAROEE, BERIKBREOCHN IO DL bRDHZ LHNTE®, LUTok

h/H $1HBE (%)

LU m F ER1PRE (65%)

L vaVust-(1-b/H) § 6 b o.sc.

oa} ' S Co: HERONRIBOENIVAE N _ ..
- [eaeal \ i (0. 6LLENS) T

07 ’ : . | -

QsFiVasVus1-(1-H/AH b/H) | 5 ] $:30° ]
DiOH:ERERDSREOTSI CONE ! 40 b p:l.2

0S5 H /

0.4

03t ﬁf?? S

02 gé 20 r 4:35°

01 i 58 p:1.2

0 10

Vo/Vu . 1 ) L ; ]

H: X§F h:ZREDSNOBLOUE 0 10 20 30 Wi

Vo BAKE Vo EBKDShORE TORR
E—-4.8 BEXHEOFEIH ®—-4.9 ARLLTPHRE
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h/H
1.0
‘e 200 00
0.8 io 24'i ® O
o 26
P 28
0.6 F oot
" Va)
0.4r o
o
0-2 - ﬁ
! 1 1 |

0 20 40 60 80 100
1HREC (%)

E—4.10 BHEOLHREST

5rEENS,

= ptan0 .............................................
c= (6—p) (tang—tan@) @3

IR, o 3WAEE, tand XK TORNFERRE, tand ZBRKIETD S,
ex 1.2, ¢%30°, 35 (SEDOERITAGLHOBIEERAICHY) L LLBEOREL LA
HOLHBE & OBGR YRR, SR 100~201 B\ T h b OBk & SED KR RA
BHMOFh &R T 5 &, KBRRAGTROSNAEROBEIMNCH > BEOCEMOBE LN
, TRARBIBERCEBELGEOBEYZ T Tt LG h 5, KBRRAGIOES R
MBI T 2 EBR,ALELR L S, ARISBERISELLORLhUTTREmEOES L
ARENKRIROERDICAX REBYE L5 I ORRBZENBEELTVEDLEEbRS,

M—4.10 cRXFROLHBES M ERT. SEOERERTE, MBI T 30%,
B OFEIE T 50%, HMhOER L b 2EOREED 2 UBEOR T 50%5HTHH, FH
FEDLDRENRDS - L IBCBRER- TV, BBOARORNC L ZBESME OEL
B EERDLIEVD, AELRCKD EET, BESHOEIEBRICE Ko T2,
4. 3 KEERABIPOHEMIFEICBIT 5> RER

4. 3. 1 EBHE

FEAEEE AR RAR, T, HESR»O05 (®@—4.11), WTFMIE 15cm, RS
3m, BX30cm DEBKETHD, BAEEX 0 1540 ETEZHZENTE D, KROKEE
CIEHAMDOHE—F AR~ v B EOD, av Ly b —nbHRIRERNE—F AR
PR BBTAZ Lo T EARH—ZHEEBEIRBL SRS T3, 2V IV y¥—0D
7S BERSBE T 11K 10.8 m3/sec, FEN Tkegf/cm? TH b, ~A T L - CEKKBE LR T
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9 &%, HEBXIKO.Y
m R X3.6moEH
OARBORTHD, RE
CREERY STt
Vo HEEIMOREIIKT
HWoORE L OBERE, 0
~10° ¥ TEEIR®B

IS{..-L: TR sl;o ERCE D, RREDS

KRS i wHich, MBS RO

: pyos P KBRRRA (RS0

®—4.11 KBHAGROREREN LT LIC cm, f815cm, & &30

35 o sb ORI cm) TEwEAh, =2v

TU oy - LGRS TS, —KRIY - VR E RSB LIWRKEMLL, BEETHRT

U CHER B R 2R T 5. LOBRT PR TRONEY» D 18, ¥ETORE

H1h, EBEROFNE»S1E, H3EBDOVIR D A 5 CTHRELLBEFEBEOERK D X

Yy, THEBRE, RBEMBELYERLC. T GERMRAEORRY S &, HEMEND

BbLBVCEYRNPCERICREYMEROMLESRTEL, ThEBo CEERyr —AZ LKW
XOhDEAY P THBIW R YV ) Vv ILT, RBSHLHEIEL X,

EE A — R, BREEFEE (avyv v - b#lIn s B YK ERRCERL

72b D)% 27— A(2.7cm/sec, 0.5cm/sec), HFHOHES 6 » — = (10, 15, 20°, 25,

30°, 37, HBEHOABEX 17— 2 10D &L, ThoyEAEbeTH 12y —AKRL %,

ek, BEEAEE (0.5cm/sec i, SEOEBRFH TR IHNREML LI WIKBAIE

10 DBEEBTEHEREBL SR DD LBERR/NDORE, B EAEE 2.7cm/sec 1

SRIOKHRTH GV 7Ly 4 DBERKENHLREL DO TH S, i, FRICE VA

WOV, ThETOXBERY ONES AT 2RSS ¥ &Lk 1mm~1/2

mm, 1/2mm~1/4mm, 1/4mm~1/8 mm, 1/8 mm~1/160 mm, 1/160mm Ll TFDHE->D

NEXSHY, BOBORUER 1.7kgh) &1, ThbeTi 5@ IeboxER

1HEBYORRE L Q/1600mm U ToEMTonTE, 7547 v =Bt &

¥, TORADOBERE 126", BHIEEEMAL3S, BERX1.75gf/cm® TH D,

4. 3. 2 MHEBUAR CHERE

H—4.12 S EOERIC X o TS hic KBRS 0 PER 7t & 0 TR o —
AxFT. Lo, HTROALE 25°, ¥EEONEY 100 CREL T, ZEXLARED
LEBEMAIRTBETR I EEBYRL T\%, ZRLEEREN 2.7 cm/sec DHEF D
FH0.5cm/sec DBE LY LIWoMBLoBELXEL, TOBE HER HEIELD

PR TR PPN RPN S X~ A8
ATVt T (o-.-,w"f
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KEL RS TEY, BIHERL V2023 THS, TORZ, RTHROFE L 15, #HEK
HoORE X 100 CRELLEILAEEDORZ YR L L 5 kB LB OB TH %,

ERRIOWTR, BRLEAEEL2.7cm/sec DHH
DI 0.5cm/sec DBEH LHNTIFREEKRE o
T3, ZZREAEE 0.5 cm/sec DB IXAREA
THREECHBEL TR D, hich OTBHHRERIZD
L7,

FOMOKREBR Y — A THR X hic KFFER RO
Rieonwtdh, BREAEEHNKXE2.7cm/sec ©F5
2 0.5cm/sec DBE X H bHEBELIERL, BHRCK
{, BHBETAIERLARD bR, AL, K TFHOR
BH3T, 30 Evotddr, ERTCBW LB DOE
BEEALEY ) SAKBEIE, BEERTABMRY, =
KEREEOXPCBELTLHEEEL VRV TEDD
iz,

wiz, KBEOHER LR THROAE & 0BBKY
R—4.13cxT, ZREFEEH2.7 cm/sec, 72H
T 0.5cm/sec DWThoBad, B THORNE I K
ELRBERE- T, BB COMREN LK ML
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& 2t O ®
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= C -
ES L~ g
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N
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® 5=
L1 i 1 ; | 1 1
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T3, MTMOREIABBERALEL Y /P EVHEIE, BREFEREONNNC X HHEE
DECZHALNTH P, W IHORELLBEBATHEL D bKEL LD L4 DHERROE
LhAThEERDbRe ), EVIGEUL T 2ERAD 2, 20X 5 hBAMERETH
—BRELL B D KRR OEBICOWTC, BROLREERThi KRR A P EY
52 5BRR LWL 5 THB, ZOBEBLLTCRAAROK THTOEEHMEL LTEN
ORMESHFRS HBEBL, HEEBICHAT R R TOKBROMEIELUL T B E Bb
hb, EBETCHRATHREATOKBRRO 7 v v F ORE L HERBCORRERE L OBGEYTH
NTh5E, ARELRTOKBROEENKREL BB ONTHERREIRSK-TEDY, W
FEORICIIHBIRIBIR DB L 5 TH B, T, ZDL5RRT LD, REETCHATS
RATOKBROEEIHRBRRYIETHIRELERTHLZ L1HETE B,

4. 3. 3 HPUE LR

H—-4.14 3K EREECE CCREODE L HEEOLN Y ORE L OBIFRRED X 5
CEALTA0ER LA b DOTHS, T2 T, HBEOENI R THEL U CKBRORAHR
8 (Bmax) LREIE (B) LDtk (Bmax/B) %z, LT, S#tbeMEzL&+5, 20
Kb, BREARENKE2.7cm/sec DFHFH0.5cm/sec DBE & b H &4 o8kt
RKEL, KBROSHERBEEIE T L2Vbh b, i, SEOERTIIRERONAY
10 REIEL TW32, Z0X 5 gl CRRMBRAECH 200~25 fHE#B 2 5 L B AR OB
Mt > TR TR KRE S B EEMB D A% b, HBIEKO LA EEHN 2.7 cm/sec
OBET, MEBAEHEIEERAIGIVRRSBRENASBEL LY, Zhi cHAROHEER
EE THRLIA T B ESHERIR & M THOFPHEEO LORBEIL 7t5, ¥4, AR
20 BEU TR LI VW 2~2 S BEGEHIL T 2HERD Y, ZoZ &h

O v=2.7cn/sec
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5 b | O ZnERs6) O v=27Tem/sec
W ZERET6/8) ® v=0'§_°;(/usfc
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O SHERE/15) Q o0 (1984%)
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F n ® 2 O SikE0/15
8 8 ® g L °
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1
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B, SEOKRBREH TIPS L LHBIBO 2 EERE AN - THETHZ 25, bis
K EBMEFRETRE L CXBROSGEILERDTHB L, 6 H3BRV6 A8 ARV IA
15 ADKBRRCLThEh 2.7, 3.3, 2.5¢7eh, SEOEREB - TERLARENKE
2.7cm/sec DEXRIEL Te5b,

wiz, BRLEREE S R OB LB OB & OBFRER—4.15 R, & Z
THRBWOMRYETIHE L L URAHRER (Bmax) »#ERE (D) THBLME (Bmax/D)
AV, UT, #EERELFLEZ 2T 5, SEOEREH T, KPROMEBMLOBER
ZLVWEKEREEN2.7cm/sec DHEEZ, MBALCR L THEBRRLMZT0.2EBED
—EEXRLTED, RBRRIFEAERED S SEECLD, —7, EXELAEEH0.5cm/
sec DRE, WEBROREH 3T 30" L\ LBEBAAEL EORIK T, 2.7cm/sec DRFL
RIER UHEBER R ER L T %25, REOFES 25 25 15" w3 TR aBUC#ERE R L
0.5 FTHML T3, DI i3, RBRARINILS B LW THAOER X » LBEH
FINDER) REBRLTL 52 L2B®RLTEY, BEIhi VIR - TR BB HE
LTHLOBRFHREIS bbb, bRAKIBIFEE6H 10 BV FX 702 5 € KIUTRE
Lic KB OEEIZOWT, ZTORBREREERDTHBE, GERCI2EBENERL L
5, BL, ENEEETRAELLKBEOMERRILERDTHB L, 6 A3 BRUV6 A8 A,
9F 15 HoXBROWTHhE 0.1 BEDOMEE vh, EREALVK A 5k IUDFh L LK
LCETEDOERALD B, Thid, * 7 kLD KBTRET KIS GE8E DO KFR#ERY °B
L& 5 HEBRIBA O R OB TH B o L, EMERE O KBRK TRRIAH 2
LT 57w, KBROEBEALh B IR THRT - #B LT VWS kI b3b0LBb
s,

4. 4 KPEROBRE) < HPSHEE TRH, KL & DL

F—4.11c, FRUOH2E, HIE, FHAETHLI,r TS h KRIROES - #EREHE
LR, KILERO xRS & DB YR T,

EEEHAERTHEE L LT, HELAE L OBIR, FE, WMEMREK, SMERMAK
PERE, WEORE, MEOWE, AN, HEFELYRIRBELLT KT - #EEHE #E
IWE, HEAE, EBESH, EERE NE ERDOBEMBCoOWTEhEhEEL
oo KBHE, LAEW, KUK E SRES, WTH, EEBOWMEM, BALHE, BEHE
REREThERRRD, A—DREETIALOELXHETHZ LXTERVD, KE kR
ELTTRDOT EEW/TE 5,

(1) MEOBEKMEEL LTI, KBEIBRDIAZ L, KILWER, THAROMEHEL s,

(2) WEELRE L OBREOVTIE, KB, AW, KRR E IARCKESEEIH
b KBROEERZLGR L ARE? CAROERELZ I HHBELD 5,

(3) FoEMABOWTIE, KFERI, TR E KLREOFEREOEY & 5,
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ThhHE &T.c% % (VIR) (VIR 0.3 (€ el 6X10-2~ z (i 3.0
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(4) SMEMMAK, W T -#EHE HEELIWEC O VT, KILEEARSAZ L, KPR,
+HRBOME MR L 5B,

(5) HEEAMIL, KBMHSRIKREVEENRD Y, L6, KILRKOIEI/NEL kb,

6) HEFESBILIE, KBHOFH, TAEKI D /XL, EEHETOEND OBEIVIEL,

(7) EEBEEOWTE, KB, LHEWE, KIURERE 3EBEBETHH, PRLEERA
LhaBENRDH B, KRR, HETHY, REEOBERY LD ITRILRRH 2K T
A T OFEINBRNTH B,

@) =tV v 2oNER KLUEKI LM, KBE, TAROIEKE {5, &KX
NER, ThEXE BV,
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5. 1. 1 XgEHEsK

KR OAGREBR T 5BEENF IR OPTEZEHR LA OMTL, HFofEE
X O ENY, NTFHOEEER, NFOFMEMNUECL HRAMPDEZEL Z2(®-5.1),
EAELAMNIFROBMIOEK L LTERRAZh, ENVRIOBER I VELT S
B, NTEELHILORRBI YE{L, HKhedhd: LCIEREEYTRT, Lichis TR
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ORRFRFR

at<Ch>+—<cUh>+ 0Zy_

ay(C +Vph) +C=2 =0 s @)

22, Un, Vo ! PFHREDOXBIOY HFAKS, h: KEHE Z,. BEKA, C. W%
BROLIDERE, Ci EEROIDEETH S,

QEBy 5N
XY P s 5 BRI GO 2 KTHBEROEH HBRNIKRO X 5 KR Eh b,
% (oUnh) + Ba—‘z{ (oUnmh) + pgay— (oUnVmh) =—gh a(af) —fux  eereereereeseeseeiiieeen 5
% (pVmh) + Bai( oUnVh) + p%( oVu?h) =—gh Q(gy_H)_ Doy  coreeseeessecesseessieenns )

CIicH  RBEO LBER (=h+Z,), §: ERERERY, o ErJoBE (=Co
0TI, tor Ty HEECH LAMHTS 5.
T Toy SRR OBBABRS 25 LRO L 5 ERbSh b,

C4/3 Um Um2+Vm2 cccccccccc
Tox = ZOJ_ = (C/C )1/3 Te- JAY: az =m0 \’h ............................. (27)

o 20/_ 1- (g;/(; 75 Tep20° aZ_YL"__‘/UI’I"T-_ZLmZ

i, T HhoRBEETER, a BFER, o NFHOBERERTH 5,
OREHER

MABRFFETH S LHET L, WhOENP 3&BOBRTBANBLUTFOL S
ERE B,

(Co’gh) 20 1 (C/C )1 Te*[L° 0" az U—ml-;i;v_m ....................................... (29)

T, @0, @), QRX YR EEREBTCOBECHKRES,

C:[% 175] ..................................................................... 60

I =EAAF—HETH B,
@I RINF—RFRI
HNFOBRBZIVELBEAPLOVWTED=F A F - BHEANIRRCI I ELZLRS,
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fo, AEIANFRIOBEBEROK1/2 X W NI hr iR THEVRBERELD Z Lkl
B, Tetll, ERABRNINTFOEEYNTFOER < RECIVALBENTHEZTWBD
T, K HOHF AN, BREBFOG VAT LLFAGOERD KL 28
BREPER, BAMCIAHhoih=31¥ -k X 5HBEAEOENABROER, BFH
DEMC X B L BEMICIOER R EOBRIZY » ONFEREOIFNNRET 5 L00K
FOBEBRBR AT E, PNEL RS,
5.1. 2 ¥li>Ial—arFk
5.1.1 THRE L ERHBRRIIEITACEL 2 L3 TE Rvicd, ESBIC X 2 KEHE
BT 5, 6%, —RTWEROBICII—MBIZTAZ vy H—F « AF—-aBubhTEb,
HEBEDIVWEFETHHZEIHMONT VB, A vy H—F « AF— ARTHEICER
FEHRINTWAEBE 75 v 7 R EFEBEROWT, BE75 v 7 ALEBEREN»D, K
BRI ERR DRBNCZECRD TS HETH S, LrLl, ZoHFRIMhIIEEMR
BT O BEERFAIGRORFATCERRATEABECAVLRAIFETHH D, KB
WD X > cABRNCERBEL R TR L TREDEEFRATH ENTER, 22T
EEE LT, KBROYEABREUTCRT X 5 wFEMRERG L LToEHHESR,
iR, tWoEBEHRER, tHBERNCEEZ®BLI,
DX, Y HmoniEwHiEN

axb +_(B Up* Mp) +—5— ay (B+ve*My)=—g-hs* a;;l(b z::’;b ........................... @3
agb +§(B'ub'Nb) +W'(/3'Vb'Nb)=-g'hs'-a—a-}}I;b———z£’;—b ........................... @64

I, My, Np:! HB@EHoxy FEOWE? 7 v 7 X, B EBHEMERE w, v X,
y HBRIDOWE, Hy, hs | HARXGMORBERAORS, KEE (Hi=z+hs, z:@ tBE),
Thy, by | HAXY HREIOEEINS, o @ ZETOBETH S,

by, by, WifEE LTOERANTHY, KARTHEIRS,

4/3 / 2 2

b= ZOJ— 1= (g:/c )1/3 Te- 7o dzc‘h’—(]‘l}":azm ................................. (35)
4/3 2 2
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9Che:Cb) | 9z , 1 _ 3gbw , Gbw _ .............. "
ot ot T 1-A ox dy =
@FFBOLIRRER
Co= [(VI0/3) * fe/pt] ¥ wrevrrerrereees 9

TZE, o =Rk AF - REIETELD, wx @ KT OEGERERRK
5.1.3 ¥lival—a HuEnEELER

v iav—va VPRV EER, EMEEEKE/NO KD LENEY R e

0¥ CoOXM (3.5kmX8.3km) TH b, ZDXHEYELHEEI B EEITIER L UK
HER, S0X50mIZ A vy v aBELTCF—24bll, iav—vaVviBED AT 24—
213, KRBHROWT - HEHEACKE T LEbh 5 TIRE, KE HWE NTOH
ERAE, RENE, REBEF L L1,
OBy —ARER-SICRLCLICI9IFE6 A3 ALV RRAE A S HRRBEL L
KB ERRE LT, RENERLXBLERILEA, BFBERREREZELIRLBE, 240
IBEXE2TERE APELSCL IRERELESCLEBEOIBEYE L,
Bx, Ar—R, 65 —R, 25 —ADF 127 — ADHERT» 7,

KT A= B D—DTH B LDRIEOTE, REFERN LB ELAT 5,
8L, CASE—5 25 CASE—~12 ¥ TizoWwTi, MZEEEYHAVTRBHALE-6HA3HET
DKBTHEBELTHEOREBELSLOIL6 A4 B056 H16 B cofo kR#EELIDED
BEIL, £4350Fm? 420 7 m® DEXYHAVTV5, Zhid, LEOHRBACREL L
ETOXKBRERNFLE LT, ZORERIWEOGHLBIES I 2 v —>a v ERHELPT
{THRDTH5,

REIKARBEROLIWREY 0% LRETHL6 3 HOARKRLVIE6A8H

851 HEsiav—vavoiBEr—2

~ _ . IR B |RADE | BEESR | RENE
R - 205K roAE HBIRR| 20 | (wseo) | (mfse) | BRGO | (cm)
g:i; 6A3E | 2500 | 6250 | 2500 lgg
RENEXELS RIBE ASES 0%
CAsEq | 67sE 3500 8750 3500 5
CASE-5 0.36
CASE-6 | 6A3A 3500 6250 2500 0.30 10.0
CASE-7 0.20
&l 3 ML X BE
3]y 3% 4 2 N (Aot CASE S 0.3%
CASE-9 | 6A3R 4200 8750 3500 0.30 10.0
CASE-10 0.20
SoIBHEYE 2 TioiE, fwg | CASE-11 | 633H 3500 12500 5000 0.30 10.0
R L ORI LIRS | CASE-12 | 6ASH 4200 17500 7000 : )

O MW BT KM EROLWME240% & LTHE OMWEWERLDRER0.62 LCHH
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DKWL %, 6,250m, 8,750m® &ixs, RENED D VIEGERARLELI®R
CASE—125 CASE-10 ¥tz hboff, CASE—11 46 CASE-12 3z hb i &4
ELIEY BT,

¥, HEEOT — 2 wEKRBROW TR Y 10 5, ERIDBE % 60% & RE
L, 693H, 6 A8 BOKRBKTIZZ~4#250 Fm?, ¥350 Fm® DLWENKT LD
DE+hiE, 6 53H, 6 A8 HDoFHBEIIE~, 2,500 md/sec, 3,500m?/sec &7k, B
EEREAN o TEBEIUO KRR T e I 2V~ a2 VCAVWLREY(=0.2~0.58
B 2#8# 41T, 0.36, 0.30, 0.20 0 3L Lic, EBHBERXNOBHARS ThiREK
K&, 68 8 AoXBKEOI RSB RS 2HBY OBHEBAE/R L E T 5cm,
10cm D 2 EEE L, MBEHCOVWTELHDEYEEL, MERELELIRLZLRE
Xy, ~t¥vrrs7kEzi,

£RF A= BT LRENDRKBFORE T « ERBELLV, tHEFHFCS 2 EE
oW THTrRRT,

O REME

CASE—3 £ CASE—4 D\ ThoOBELSEIRVIFHESRHTIZ6 8 8 ROXBREOE
B oHERERC OV TREBHB<BREh T3, RBNEXS5cm» b 10cm B2 T
LMEOHBBEACIDRELMIZLEALRC LRI, - CSEIOHAESFHETRHW:
NEDORy — A OB TIZ, NEXKBROMBREHCRETERINEIVWIDLEbR
5o

@ EEERARK

HbX<6A3A8 @kﬁ%iﬁﬁﬁﬁ%ﬁﬁbt%—xm, (& A BE R AR 10 =0.20 B AL
72 CASE—7Th v, TEARIWERBEIEREL ©5 (K-5.2), BL, TOr—2A
TRERBTOREBERIIERL D bbb A in, THBTARED 8 5L TWIHERT
BRER LI ot, w230.36 eH TN 0.30 DBAE, £=0.20 DBE X 0 I EMMHERT
50, EREHEKTHLHEBRIDESAOC— 7 3500mBLRICMNEL Tsbh, £4
B ERACHEEL <5, HEIDEOSMIILKRNERED >4, v #0.30&T2
ETHICE b &L M T 2EALED 5,

6 A 8 BOKBIRILOWTIE, ¢=0.362AV5LEEI DLW TERIGDLERD, ¢
£40.30, 0.20 DBACECCEELKERIRIEKE 33— T 5, ERLIWDEOZ MO
WL, ¢=0.36 DBE, LR b #EEL, £=0.30 T, PRIRCOERBEMIE
<, #=0.20 2T B L THRBCBLEALOLTWHIHERTHERE 25,

PDEDZ &hb, kBRFEREHOEFERBICOVTIZ e % 0.2~0.3BE L ThiE FE1l
ED KRR OEE, HBHNEFICEL b tibhb, AL, HRIDEOSH 2 REKIC
FUXR B0 p Offi, HEEHLZRES X GARNTE 2B A OEGEREAR ¢ OfEL
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BE— b fu,

® ®E B

CASE—6 & CASE—11 DU\ ThoOBHE S SEHGLFTEEEGTIX6 B 3 B O KREHER
BEREAUBENICBHRLTC%, #BEIHEOSMIZ OV TIEREOF & KB L TH 500
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D EDRERMS, KBROMREE, #EEIWEOS SR LIRS HEEYELB 5
A=z, NFHOBGEERE WO Lithsd,
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ABSTRACT

This paper outlines the context and nature of disasters associated with pyroclastic
flow and the mechanism of the flow. A kinetic model for the movement of the main
body and hot ash cloud of pyroclastic flow was proposed, and numerical simulations for
estimating areal extent of flows were developed based on this model. The two types of
“software measures” and “hardware measures” to prevent or mitigate disasters caused
by pyroclastic flows were also presented.

Chapter 1 describes how this study was conducted.
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Chapter 2, first, classifies the various types of pyroclastic flows. Pyroclastic flows
“initiated by eruptions which does not destroy the main body of the volcano, and nor-
mally cascade down along valleys, changing course and velocity as they encounter
different slopes, topography, etc.” were defined for this study.

Next, aerial photographs were analyzed to examine the damage caused by the
main body and hot ash cloud of the 1991 Unzen pyroclastic flow. These showed the
following :

1) the main body of a pyroclastic flow totally destroyed and incinerated houses etc.,
and left the areas in its path buried under a thick layer of pyroclastic flow
deposit ranging from several meters to approximately fifty meters in depth.

2) the hot ash cloud traveled down over a wider area than the main body and in
many cases destroyed or burned houses.

3) the temperature of the hot ash cloud was at least 300—400°C, and estimating
from the situation that trees and electric poles were blown and knocked down,
the velocity of the hot ash cloud was estimated to be 20—60 m/sec.

Investigations of the remaining deposit strata of the main materials of the 1783,
mud flow associated with the Temmei Eruption of Asama volcano and studies of the
structure and properties of the deposits, showed the following :

1) the essential block deposited on the slopes of the northern flank of Asama vol-
cano were originated from the pyroclastic flow, but the matrix sediment was
volcanic mud flow.

2) the deposits on the slopes of the northern flank of the volcano and the water
balance of the volcanic mud flows in the Agatsuma and Tone rivers suggest that
the Kambara pyroclastic flow cascaded down into the Yanainuma marsh after
ejection from the crater, and as the flow mixed with the water of the marsh, it
turned into a mud flow traveling down the slopes.

Chapter 3 analyzed video recordings of the movement of the 1991 pyroclastic flow
at Unzen Fugendake volcano in Japan in order to clarify the movement and deposit
mechanisms of pyroclastic flows. The analysis revealed the following :

1) there was a relationship between the gradient (I) and the velocity of the main
body (v) , which can be expressed by the equation v=al®. Constant B varies
between 1.5 and 2.0.

2) the velocity coefficient of the main body was usually between 3 and 7, which
was midway between a debris flow and a mud flow.

3) the path of the main body movement was affected by the geography and gradi-
ent.

4) the hot ash cloud may separate from the main body at curved sections in the
flow path and may flow down by itself.

5) the density of the hot ash cloud measured at Unzen Fugendake was 0.7—6X10~?
g/cm®.

In addition, detailed observations and laboratory tests using a test trench excavated
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in a pyroclastic flow deposit at Unzen revealed the following :
1) the deposit structure was poorly sorted and the median diameter of the matrix
was about 1 mm.

2) pyroclastic flow structures may include a surge near the boundary between the

main body and the hot ash cloud.

The depositional condition of pyroclastic flow at an erosion control dam in the
Nakao river basin downstream of Unzen Volcano was analyzed. The hydrodynamic
force of the main body of Pyroclastic flow was less than 7.7 ton/m? calculated from
aerial photographs, video recordings and dam stability analysis.

Chapter 4 outlines basic information on the movement and deposition mechanisms
of main body of pyroclastic flows based on the data in Chapter 2, 3. First, parameters
significantly affecting the movement of the main body of pyroclastic flow were
examined in the laboratory. A steady flow of dry sand was created using a special
flow channel which can fluidize sand even at a gradient smaller than the angle of repose
by supplying air from the bottom. Tests using this showed the following :

1) the gradient and velocity of air ascent were important factors.

2) the coefficient of velocity was between 3 and 7, which coincide with real phe-

nomena.

3) the velocity distribution of the main body was similar to that of a Dilatant

Fluid.

4) the sediment concentration increased with the gradient.

5) the concentration of materials was lower at the bottom and was highest around

the midpoint of the depth of flow.

6) the gradient and velocity of air ascent were important parameters which affect

the depositional pattern of the main body of pyroclastic flow.

7 pyroclastic flow deposits along the flow course up to approximately twice the

width of the flow.

A comparison of the movement and depositional characteristics of pyroclastic flows
outlined in Chapters 2, 3 and 4 with the characteristics of debris and volcanic mud flows
revealed the following :

1) the flow ability of pyroclastic flow was midway between a debris flow and a

volcanic mud flow.

2) the area of the partial (scattered) deposition of the pyroclastic flow was not as

wide as that of a debris flow.

3) although the pyroclastic flow was similar to other flows poorly sorted, it is a

different type of flow because of certain peculiarities such as the presence of gas
segregation pipes and carbonated woods.

Chapter 5 proposed the kinetic model to simulate the movement of a pyroclastic
flow which can numerically predict how extent the pyroclastic flow travels and the
deposition areas precisely. The proposed model of the main body of the pyroclastic
flow assumed that the flow is supported by the pressure generated through collisions of
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particles comprising the main body and the shearing force generated through inter—
particle friction. The model of the hot ash cloud used a two—dimensional flow which
is assumed to be generated when the ascending air flow from the main body provides
buoyancy to the volcanic ash.

The numerical simulation method is composed of the conservation of momentum
equation and continuity equation for the main body and hot ash cloud, the equation of
continuity for the sediment of the main body, and the sediment concentration equation
for the main body. These give a set of simultaneous differential equations, predicting
the movement at each instant when solved by the positive format (leapfrog) method.
Calculations were made using this method to predict the downward travel of the pyro-
clastic flow at Unzen Volcano and its depositional areas. The results gave an appropri-
ate value for the particle solid friction coefficient (0.2—0.3). The model therefore
accurately predicts the downward movement of the main body and its depositional
areas. Furthermore, the movement of the hot ash cloud can be simulated accurately,
providing that the movement is restricted to the flow of the main body.

Chapter 6 presented the principles for preventing pyroclastic flow disasters. Soft-
ware measures include deriving a general picture of the downward travel of pyroclastic
flows and their depositional areas, as well as the travel time and flow depth by using
the numerical simulation proposed in Chapter 5. Hazard maps were then created based
on these data.

Potential hardware measures which could be used to prevent and mitigate pyroclas-
tic flow damage include the following :

1) using sediment trap basin to capture the main body in open spaces like alluvial

fan.

2) creating dikes to control the flow direction of the main body.

3) constructing artificial curves or breakwaters to suppress the development of the
hot ash cloud by separating the hot ash cloud from the main body of pyroclastic
flow in the upstream basin.

4) nets or slit dams that help sedimentation of suspended particles by reducing the
degree of turbulence in the hot ash cloud, and using forests to disperse hot ash
cloud.

These methods were proposed based on the differences in the movement mechanism
between the main body and the hot ash cloud, and the effect of the natural geography
and man—made structures on the downward movement and deposition of pyroclastic
flows. Studies showed that connecting unit—type training dikes equipped with shelters
and fence structures as the emergency measure could prevent pyroclastic flows during
an eruption. :



