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Geotechnical Properties of the Volcanic Ash and Sand
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4. 6 FhHEAB LU ERSH

HFEHRAKE AU K LhkOEE I HEOBEL LW OBEICEHRT 5, THKOBRBHS BT O
T, RRELDOFEDPREIN TS, TOREMLL DL, HEK, EHEEK BLIOBHHKD
SEHTHAHY, HARARBTOKOBENL, ABNILLIOPEYDOIERAC IS DER L, B
BN, BEEN, AE FIOEENERCIHID0THS, BARTK LHn bR IR
HEEERIIBENSIOCEEC LD LD TH S,

e, MAKREDKPLERIND L, TOKIRHE - BEREDH X EDIELDLLEFRICAS,
ZDKD—FIFEEKPEM[LEKNL, WERINACHHKERLDD, TDIIRINTEHHAKE L TTRE
LTWo ZOTEEE) BHAOEBLEL) KX F—v —0BEANER IS, ZOEET 5K
NENKTH D,

HRREBCTIIEHKITHBLIOEGRANEL 5, EHOERKET THKTHHEIENKE WD
H, TR > TEBACENAVERINS, ZTENHKC L > TLOEKENBI L BHER
IMEER “BRAKT” EMZ LT B, BB OHKBITITEE KK > T b,

ENRKREEHINE E, TERANLGEENED, kX > TEhKOBEINAL, LIIEET
5o BHBOBEIRIOHEMSBECERT 5,

i, KUK - KIUBOENEEKE X OgEFEE oWt 5,

1) & s

ZEHIBARE (BIRE) RTHEOLIDOFE—L FEARLEEEDORBCHEEAL 2. RE DO
REBEYRE—ILTTRT, i, ABOWATE LI TNTI0%TH 5,

F—11 ENPKRORZRFABRC A A OFTIRE

A M e KT EREE .
No. (%) g/emy | A7 TH
9( u—’ R 10.0cm ‘/#;21;'7‘1/'/
1 23.3 1.64 0.62 T T
2 21.8 1.68 0.58 Sl R Pt
3 21.1 1.70 0. 56 1= ‘g;"i Ri
L TR e
4 20.3 1.73 0. 54 D
5 19.2 1.76 0.51 7Tﬁ77—r+
0. v X - W
X W B e o ool
3 22.2 1. 67 0.59 B—18 & HEkatE:
4 21.1 1.71 0.56
6 18.4 1.79 0.49
7 18.1 1. 80 0.48
2) RBRFE

EDABCIEZH 10cm OV FHHEE, TOLKEZIH 10cm OKUBHENTHKBE L 7,
RICEKRBHE T HROERGEL LR IR T HETENK I, G LENLODEEX <
TR Y =F L TY — A LTz, BEKBIARTI X OB B —E DR (% DBA24BER) &
HABOBEFLXHEL, PRKELRDI, KPR BFTHEABOEEEING $ e fno b
BT, BYV=F vy -1 %REXRBEEIE, #AKOEERR LY —ERHM T L CRIEL 2o
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/R
HAPEK - RIC X 5 &K EORMBE L N—14~1TIE 7T,

7 BETURANKDNS, EDOBMIRMEHETHE D

~0.62, wo=23.3%
N -
v =
g . . = !\'\.\A [ 0.58, w, -21.8%
I e R
2 \r'\.:;:f\~\ \\
% ~ NN, N~ 1
« ~0.51, w -u,m//_\%_\\‘\\ N
~0.54, wi= NN~
s ’ il .-0.58 -«-zux}\\’\'\L\ Sy
. e
RIS ——
ol 0 =
5 10 1% 20 k{3
¥ N I
E—14 KIUKDEEK - ZRIC X 5 SKEDORERE(L
T T T T —ryrT 1 T T T T
50 JEDE CITPEARD B, T OB A
- FeTi7s 5
i ( e 0.62, wo=-23.3%
, e 0.58, wo==21.87%
20 %d‘éﬂ\_&l
),\(O—ﬁb_ .s\
—~ 71 — °‘°‘~¥
= ] .\X\x\
Ny s X\
10} \ 1
z - e—051 wo=19.2% A 7
R AN .
2 =0.54, wo=20.3% \‘»\ .
% st \%1 i
e =0.56, wo—21.1% 1 !
&1 - \1 .
i
2F .‘ LY
1 ! 1 VI RO T RSN B L 1 R T B
10 50 100 500

£ BF B ¢ (RERD
E—15 KIUKDHEK - B X 5 &K EDEBHEL

25 T T T T T T T T T T
[ CENFE TIZENPKDA, FDikIS
& R TITS 9,
2
SR
S 0 e =0.49, wo=18.4%
15
R ¢ fV\Kj (& =086 w21 1%
[ ‘\
® /€ =0.58, wo=18.1%
$a 10-
I e= 059
5' wo=22.2%
\n\t:\\b\‘_ .
ol — . . A.s\\““"
0 5 10 15

@ Mot (H)
B—16 KLU DHEK -« BT X 5 S K EOREEL
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I ! o T TrTrT T 1 LONNNEN B G N B |

*0r /[ ENE TRENKDA, Dkt
i kR % R TAT A ) ]
200 /e=0.49, wo=18.4% i
N/ e=0.56, wo=21.1%
r_Y__ v
dﬁé ‘*‘[XJ e=0.58, wo=18.1%
< 1o 13 .
N > ]
z | e=0.59, wo=22.2% \\ ]
5t \& .
27T \ .
« | \! -
Lpes ol 0o >+\+ i
\ R,
(o] x\.
i} \ :
% ]
i \& ]
0.5 e 1 L l A PO B | 1 .O l 1 1 L1
10 50 100 500 1000

Bt ke R ot (BERY)
B—17 KILBWOHEK - R X % EKLEOERE(L

M—143 L 0161 L i, EhHEEKE, KUK - KILUED & S 24RHILIN TR & A EF_TRTIS
S TLEL, 24RAEBH®OSKEDEREIIILTIHTH S,

M—143s X 00151 LU, BEHEEKEDO KUK OBEAKINE, By ¥k e=0.62 D& Z§918%, e=
0.56~0.58 D & X#716%, €=0.51~0.54 DL X{13%THH, Mr*¥ikEVZE, RAKT D
KEL LT 5%,

COBRIY, EROCITHECELONDSD, ZHIEAGOMPEKLOFBC IS D TH S,
M—143 L 0815 b b X 5 CEBRRBRT S, KBS THYFEAIREVRZE, SKEAE
LW HEFNRLRDH, BrFERAZVLOREKEOBAEENKENET LD, KILUKDOK
PREREM IR T B D &K T 1~A% DRITH B 2%, FREHBIFIMERLZ H 025D, RRIICIIKZD
HRBECRIE L e—ElEE D THA 50 BRERRBTOEKLDOMERFRIL0.38% TH - 1o

M—16& 17 XL, KIUBOHEKITIHIO~I2BEBETH Y, Myt e 2h3n3 DR,
RADDAZCE WS FHAEED T ZOBRITKIUKEZBEDSDOTH D, HRABRKTRO
SR 2 BUTTHHH, ThIBRKICIZKUKERALBECEESTHS 5,

KU, KUK HEL TRSEEEELIE N FlziE, GKEII0%UT IS % RERIL,
KR Ti3.200~ 40085/, KIUEYTIX100~13085RE, 2 %LATF /e AT BN, KUK T4 450
BRIl B, KU TIN50 L ETH %o

SkH w - BRI ¢ BT, HEAKRREEEBRED 2 BT bhE, KUKEZOWTIE, K—14
DEHAE ETCIABROR S L- X ) Lig s, R—150MAEKETADEZh T -ED &
b, HM—15TIEPEABED logw - logt BARIIEEMAR DT OBIRIC /oD Do /e iR THEEEL T
Whe KILBD w -t BAFRER L logw - logt BAGRITBEKES & BB DX IR TH %o BRI w
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LRl ¢ DBAGRIY, BEK, HROFMBEL SHEAEK ETERBERICSH D, KRN TRERIND,
w=at®
Fioud 9
logw=log a+blogt
T, @ b REKTHYD, biXlogw-Ingt ERO2YEEEDLT, a, b OFHPE L E—121C
2 IS
£—12 K X OREIMROEHNE

EZ *t % % log @ a b

koo K HE X 1. 2707 1. 865X 10 —0.0532
- R 11. 3838 2. 420X 10" —4.1063

X W BE K 1. 2959 1. 975X 10 —0.1084
-2 5 6. 9498 8. 909 x 10° —2. 8869

4. 7 AL —FVJ
ERLICLEOR Y PERCKCRT L, RO HIEL, BRIIAMCHAL cHbh b,
BWRINICEIDEN p BERATERHLIND®,
D=prtu, (10)
z I,
H=ERINERELKORECETHEETED
Up=h * Ty TROFRITITHEKE, 1. ZKOBMER, h 1XKE,
CDBRFHOENC L > TEOBRCFIEDIHEL, LOBFHIIN—18FAT ab OX 57 H5HH

==

FHRERTHL
anrmEry

b

EH—18 Av—Fv 7DEHH

x> TRHETD, COXSRBHEYAV—Fv 705, BRLCKLUKD, BRI X - TERBIT
AT 5 L OEBIUELY X > THIBZ ENTED, 22T, KIUKDAV—Fv 7HBRFE
Bz onwtii~N5,

1) ks X OERK

EKH6.4% CHEL 7o KUK E ~—S— FREFBEDHEBIZL D, TEDRBIHED TIERL o
prRGOMIPRREIL, BEEE 1.49~1.53g/cm?, HREE 1.40~1.44g/cmd, & X ORI ¥ + i
0.90~0.85 D3 D L WEBE 1.58~1.62g/cm?, BRFTEE 1.48~1.52g/cm3, 3 X ORI~ * H
0.79~0,75 DL DD 2RHETH b, HAAKDOKE JIER 3.36cm, BX 7.17cm TH D,

2) ABGE

TERL L 7oy, EACKEL T IE, EDRBAEBL /b DiX, X bI—EDKE
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DI LICKET S, KBOBRED LA TLICHET 5 £ CTORERHEEZ A P v/ o4 » 5Tl
EL T, FRBREET S, KBRORAGORBIIING - THIEL T, ks, —Moga k>
UTIE, FOERE, i biiAav—Fv 7R 7o

RYNE =3

HRMGIER B OFEB HE L FERE R L OEKEOELRTEZK—19 (a) & (b) rt, K—19

150 T T T T T T T T T T T T T
I BB | kit |BPEE | SREUE | MY F I
[ ) | %) |(g/em®) | (g/ em®) :
0 6.4 1.511 1.420 0.87
1 2.8 1.442 1.403 0.90
100} 2 1.5 1.444 1.423 0.87 .
= 4 0.5 1.446 1-439 0.8
R 8 | 0.3 1.424 1.420 0.37 i
= u 17 0.2 1.423 1.420 0.87 |
W+ 32 0.2 1.433 1.432 0.86
. | i
ﬁ .
50 .
I /h'ﬂiaﬂf—*f&‘l 1e
\ J
| © 16
- \ :4 ;\\g/
-] - 1 ﬁ
5 \o : i — i—42 ¢
\O . f-eﬂkl‘t i &0
o — ° °—10
1 1 1 1 1 il 1 1 1 ) 1 1 1 1 L ] 1
0 4 8 12 16 20 24 28 32
&6 8 &% (8)

E—19 (a) KIUKDAV —Fv /HREBER

W XiuE, RAEEFENY, B8 B F TIRaBucaEmn i), TRUBIIZELEAE—TELRD, =
DD EKRKHDOELEH B L, HAKIERREC L - TS HHBEE T, [ERBEL LY, Fhllsk
XEKREDOBIDIZE A LT, Lchis T8 HUE TIRHRAGKOM ¥ KT L A LE—~ERBDEK
TEXMHbo T\ 5B, ZDDICBEREILIZIE—FL b, BRLTWAIRE, SHRAKHCHL -
DONBRIENEL, AbEH 7 av kELLHDT, BMyrFEIDENLHINT S, ZOE
N TLOBRTF RN & ZTRERE EN L DD TH 5,

AV—Fv VBRBCETAREREKEOBEETH S, %, AR L K OB R% M EK
k7w b T5EK—20 (@) & (b) WREND IO, MEOBERIERBER/RTEDLIN, &KX
TEUIN S,

log t=0. 7154 log w+1. 5694 11)
TR, (=R ()
w=&XKH (%)
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FITCH - TGRS - H LFIEE

IASHRER kD)

150 T T T T T TT T T T T T T T
L |. |
) R | aokie | SRR | SO | MY R
i (H)| (%) |(g/em®) | (g/cm’) 7
B 0 6.4 1.593 1. 497 0.78 ]
1 3.0 1. 567 1.521 0.75
100|— 2 1.0 1.643 1.494 0.78 1
i 4 0.5 1.504 1.497 0.78 i
8 0.3 1.504 1.500 0.78
- . 17 0.2 1.510 1.507 0.77 _
32 | 0.2 | 1.491 | 148 | 0.79
50— -
v /AT ]
° s 3 -
A \,\ o i
o o\o [ o—_
i 1 1 i 1 i Il 1 1 1 Il i L 1 L L A
0 4 8 12 16 20 24 28 32
£i8 H &% (8)
B3—19 (b) KUKDAV—Fv SHBHER
200 T T T T T T T T T T T T
W5 ¥ b ./
- - 3
100} e =0.85~0.90 / P
“;'i 50
% - -
10+ /: . .
5 ]l 1 [ A | 1 1 I N A |—
0.1 0.5 1 5 10

& Kk Kk W (%)

E—20 (a)

KILK DAV —F v 7 Biifrsi] & &K OBER

SR (%)
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200 T T Tty T 1T (L
B rd
e=0.75~0.79 ///// i

100: c)ébb‘ H 7]

- X‘\- - -
= — o -
@ [~ obh\o -

50} ﬁ

- —
=
= L 4
®
=L i

10} / * _

5 1 ) N N S B W A | 1 1 [ S S B
0.1 0.5 1 5 10

& Kk H W (%)
E—20 (b) KIUKDALV —Fv 7 REERE & &K OBIE

EERUKIUKE, 7Y aviRd > TCHERETAPHZEIIL, EEIEMREBELDE, AL
—* v VBRBEYRETDH LN, LEOZRABERLOTHEIZIh S,

4. 8 WKBER - IERR

R L oMy, WAVCRBRS S L 2BoKTE LRFoFEA‘ILhL TR L, i
REBeH 5 & TBRATIE, oMY FCERKAXHERL T, EFEIXRIVEE (BH) 5%,
i, ML ERYZTHEETRNOMECHBYIURT2EALED S, BRRBH S+
ERERAKDOBRKRPERERICE » TR - WX VB2 LZTAHAZER L » THEBIR W52 L %
FRTR, S, KUKOBKIZ X 25 EELEELRBRL ROV S,

1) E¥tk X UG

AR E L TR RERBOXKIUKE XOBO Lo KIUKE AV, AfEZAE 10.0cm, B X 2.5cm

£—13 BKEZE - IWHERBROBAE ORI HIRRE

1 0. 09 1. 328 1.327 1. 00
2 0. 09 1. 343 1.342 0. 98
3 0. 09 1. 420 1. 419 0. 87
4 0.09 1. 582 1. 580 0.68
5 0. 09 1. 727 1.725 0. 54
6 0. 09 1. 749 1. 747 0.52
7 1.7 0. 921 0. 906 1.93
8 1.7 1.101 1. 082 1. 46
9 1.7 1. 249 1. 228 1.17
10 1.7 1.420 | 1.396 0. 90
11 1.7 1. 664 1. 636 0.63
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DE—IL FICHEERATHAGE LT, HEEOUPREBLER—13TRT,
2) REBHE
R—2U Rt X 5, HEAKELKEScAh, ERLOKERFIZIES, BKEHOERE L HIT

K

— Z
¢

i‘I
,’I
|

—e

/(T\LLLLALW N & T

LT 7 -
1 [ \ !
0.5em St 2.5cm K

T EZE
Bl—21 WKEZE - ICRERBREEE

HRAEIAMGESE, WEE B ELTRS . REPOCIEEELIEC R ItD, BRFKR—E
B L CHEREOEIOELEY X 1 YA ¥ - THIEL, #AGOFIOELrEHR TS, B
DR R IKRATRD %,

R=(4)x100 (%) (12)

i, H=#3g4&omiias X (2.5cm)
AH=B K X 5—ERHEEDOBIDOELE
3) & R
ARG OBIOE(EK R L EBFHOBEFREY K22 T, PHOVKRBTIIERE L, HER

ra \‘t_‘;__w ==

4 T =TT T —— T T T T ——r—T-T y p————r—T
‘ | I ' No. 7 ' I
! PRI, 2L ) !
30t
No. 8
/
20}t T
S L No. 9 7
“ 10 — . No. 1 1
. . 0.
x —_ / .10
- L T — a2 No. 6 1
H /,,‘_c — = . Mo 3 No.11 J
— 0O  — | S——— R | SR —— S -
l —_— s . ' T e
= B ' J No. 5 ) .
: | |
=-10 N B N 11 I i Lt ) L l Lt
0.3 0.5 1 5 10 50 100 500 1000 2000

Rk BEL R D £LEBER  (57)
B—22 KLUKOBKER - MO HEINEL
IR BAA 5~10 20 % TIXR—22Ic b5 X 518, AR ECTRYBRANCHEINT 5, TOHIX
BmACIEL, BEHINCIEEIEU KD, BIRREBTREELYEL, 30~600 <H W THH
ENC iz T %,
WK X BRARUEGEIDOELER (BEEL) R LEARHE ¢ &L ORIIXKDBIRY D %,
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R=alogt?*+Slogt+7r @13)
I, R=gIOELEK (%)
t=HFEB8ME (59)
a, 18’ T:%ﬁ
K DGR T, WiED L E a>0, BEDOLE a0, HPRET a=0, SEELIELR\NE
 a=f=0 Lith,
BERAEDBBEELIEL T e R R CORKM MR L REYR—220 bR, 7+t
EHLTT ey b THER—23EON5, M—23IX 5 L/ FHA 0.6~0.7 TIXIHEDBZED

o]

M|~ W R (%)

I . N .
2.0 1.8 1.6 1.4 1.3 1.2 1.1 1.0 0.9
AT R (/@)

|||||||||||||||||

E—28 KILKOMY ¥t (ZREE) LEREHELLE
£ET, TRIDVPHCRBTIIIEL, BiRBTIRET %,
2T, KIURKIIEKIZ X » THBRRELE T L2 bdy o oo KILKDEEK - ik, X
V—Fv 7SN, IXORKEE - IUREME, SEMXORRRILE DBIRIL LB L, KILUKD
W - BBREBELRBY 525D TH %,
4. 9 LVHRERA
+OWI L L CREANCREVERINEAIh, Thile—-1OoBRET7 7 RICERLZEEL
tr'— - 7 —u v ORERERX (14) TEDLIND,
(01—03) =2c cos ¢+ (0,+03)sin @ (14)
L, o= AEILT
oy=H/PEILT .
c= R OMET g
¢=+x v WEHA (NWITEEA)
X (14) PBERIINK—24DX5EREN D, T R
(14) TELINHIEREIZ7—rvDR (15) DL5Kd

b Shbo o | ..
T=c+otan¢ (15) J
Z o, =+ v B —— L (e1+e3)
o=EEH LOREEILT H—24 T—1 - 7 —evOREEE

KWK - KU BT, THEMRE, ¢=0 LARRLTXL, t=otangd &5, =BIEMA
BEfiinziE, ¢ 13X (14) T c=0 LBV TRANLDEEIND,

. — 0'2_0'2
sin ¢~———01 Yo, (16)
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KWK, KILUBD ¢ 1%, ThbLDOREEPCRHMNIOMIEL L% E 2 HEOKBPN L 15 2 — & —
Thbh, 2k, ZHEMARICT X » TRDAKILK - KILBD ¢ 1ZDOWTHEND,

1) H¥k X OBk

BN, KUKF IO 476mm 74 A Z@EBL KU TH S, KILKDRERFT &K HIT4. 9%.
KB DONTIE2.9% H B\ NNE3. 4% Th 5o AR DOHEBE T O\ TUL T TIREIR T T~
EEDTH S,

BEREIL, KEBEo AT ARY —FfFEE - FRCABREERATERL 7o HRAGOHEE,
FTRCERBEDIDTHD, FOKREZFER 5.0cm, FHX 12.5cm TH 5,

2) RBAE

RBIEEPK =EERRERY 77t o oo RBFRFOHKEIX 0.5kg/cm? & 1.0kg/cm? D 2 B
EThy, —EWREDS L THEHEXHMIE, BELEN (01—0;) OREAEY S - THEHRIEL
Too Fho, HRAGITXTCEMRETH D, RBHIEEIL S, #BAme X 1, BIXUOBHEELEE

ML 720
3 M R
£—14 KUK, KIUBOHK=ERABRK R
. W R | WK OE | B X | KA v A 2y | BRKEEISTH | KBS
o ¥ O3 3 € vy — B K 0, —0y d
e* (kg/cm?) (%) ** (kg/cm?) (B)
Ko K
1 1.14 0.5 12. 00 —0.03 1. 01 30.2
2 0. 80 0.5 10. 40 —0.06 1. 37 35.3
3 0. 77 0.5 9. 60 +0. 03 1.27 34.0
4 0. 68 0.5 8. 00 +0. 05 1. 20 33.0
5 1. 07 1.0 9. 60 —0.06 2. 42 33.2
6 0.83 1.0 10. 40 0 2. 56 34.2
7 0.78 1.0 10. 40 —0.07 2.81 35.8
8 0. 69 1.0 12. 80 — 2. 85 36.0
9 0. 66 1.0 6. 40 +0. 04 2.58 34.3
X B
1 0.58 0.5 3.61 -—0. 33 1.79 39.9
2 0. 55 0.5 3.61 —0.61 2.26 43.9
3 0.54 0.5 3.60 — 2.04 42.2
4 0.52 0.5 3.20 —0.61 2.25 43.8
5 0.49 0.5 2.80 —0.85 2.48 45.5
6 0. 47 0.5 2. 80 —1.15 3.04 48. 8
7 0.58 1.0 6. 40 —0.28 3.60 40.0
8 0. 56 1.0 4. 08 —0. 47 4. 07 42.1
9 0. 55 1.0 3.20 —0. 38 3.84 41.1
10 0.52 1.0 3.60 —0.57 4.58 4.1
11 0.49 1.0 3.60 —0. 89 5. 39 46.8
12 0.49 1.0 3.20 —0.62 4.78 4.8
13 0. 46 1.0 3.20 —0.91 5. 86 48.2

* KWK, KIUBOGRERE 74 LY HORCIIKDOBIRL D 5, 14=2.66/(1+€)
*OHAVv Az —REDATIRERA TR T,
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REBEERLYEHEL, t/MENACERT HEEY, FHRAGT LEATRT, F14TE\W
TEAV A2y —EHEIEHe X 1 - FEECHRCKT 2 R KEEICHROER O 2 v E 2Bk
L, WELOBMECAZ(HEYRIZTIDOTHD, 22T, £AV A2y —ERD “A” OBE
BHERGEOREEERRYRL, “IE” OBARNEEEY ~T, — i, MyrR NI E (B
ErREWRE) BREREZRT, B—UOMOBEFIXT TRHEBPTATH b, 2L, vV BiEHA
BEEKRBRIC X 5 TRELCEWVIBRT ¢y EERT S,

FAV ARy —HBREEB7YFHICHLTTry b THER—250L 515D, KIUWDKE 1V 4

0T T T T T _

e O ~—0 _ o o

0 q e O R L] —‘A‘J
i KO Ik

y

ﬁ i o/ l l i
0

| 04 ’ —

N - * lxww -
[ J
N e O © — 1
~ R -
208 / |
= - 3 O o3=0.5kg/m* -
// ' ® 53=1.0kg/cm®
—I,Zh ° l . ) N L 1 N g1 L . N ]
0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2
M ¥ e

B—25 KUK, KIUBOFA VAL 2y —$8RERY 2 OB,
FAVvA 2y —iIBYELE LTS

gy —ik, B7rFHEIAPIVIZENZ, THbLLEEE BV KIUBDORTRAIL - TW5D
T, VMR DCIDEYDEREALBELETHI LR LS, KIWKDE AV 452y — 13, BY
FHIAPNIWVEFBEREL 25T, WREAYXBDTEY, EBOWRLKIUD L IEOEMEZRL T
5X9ARZD, THIIKRDOFERIC XL B, X—1405305 X 5 CHKEOE e X 3 (B AEEIELH
D& Z) 1L, —RCHEY FHIAPZIVIZENPNIWEAE D, Lich o TKIWKE BT, MY+
HAVRI W E ZEBELIEL ooH HBRE TR ABEICEL, Myr3ErlAE v 2R #HERMEOH%
BEMHBREAEEENCREELTRABECET S, ChBAKIUKDOL 1LV 14 2y o—f8A K
I LB DA 2 R TREATH 5o BRINTITKILURITEZEGER, KUK O\ Mk &
Wz b,

v EHA d0 LRIV FH e OBRER 26T, M7rFh e VNI VNG E ¢4 12k X L,
FAHDOEICIKRDERRN CELINAEHRLD 5,

KK T, 0.65<e<1.20 OEFIT

s=—8.Te+41.3 (&) an
KLU TiL, 0.45<e<0.65 DEFET
¢a=—171.0e+80.8 (&) (18)

K A7) BHvR (18) ZHVT, Myr¥lh e MBI LR X - T o DEMEYHE TS - &
NTE 5,
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50 T T LEm— T T T T s T T T
-]
o O ¢ 3-0.5kg /cm? i
AT ® o3--1.0kg/cm’ 4
° Kot g
-~ 4

e 06 ——

8\ :

'S
=3

£ AWM a4 ()
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Summary

As a basic research for the study of disaster due to debris in Sakurajima volcanic
region, some physical properties of volcanic ash and sand, and of gully-bed material,
were investigated. Sakurajima volcano, located in Kagoshima Bay, southern Kyushu,
Japan, violently brings about explosive eruptions in recent years, and causing a dis-
aster by debris flowing in time of rainfall. The study is summarized as follows:

Samples

Finer, dust-sized particles of all the fragments blown out by volcanic explosions are
called volcanic ash, and the coarse particles, volcanic sand. Samples used in the study
are the ash, the sand, and the gully-bed material.

Tests

On samples, some tests were carried out about the following items: specific gravity
of grains, grain size distribution, water content and density, permeability, drainage and
evaporation, slaking, swelling and contraction, shearing strength, and the minimum
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density of the ash.

Specific gravity of grains

The values of specific gravity of grains for the ash and the sand were 2.66, and that
for the bed material was 2.62.

Grading

The ash is silty sand consisting of the clay-fraction of 99, silt of 249%,, and sand of
67%. The sand is the one with some fine particles consisting of the fraction smaller than
silt of 7%, sand of 599%, and gravel of 34%,. The grading for the bed material differs
remarkably from location to location, and therefore it is classified into gravel with
fines, sand with fines, and sand with some fine particles.

In-situ properties of bed material

The bed material in the Kurokami river has water content from 15.4 to 24.6%,, wet
density 1.53 to 1.69 g/cm3, dry density 1.22 to 1.46 g/cm3, and void-ratio 0.80 to 1.14. The
one with pumice in the Fukura river has water content from 25.4 to 36.69%,, wet density
1.22 to 1.26 g/cm?, dry density 0.89 to 1.00 g/cm3, and void-ratio 1.61 to 1.93.

Permeability

The coeflicient of permeability showed approximately the values within the degree
of 1075 to 10~* cm/sec for the ash and 1073 to 1072 cm/sec for the sand. The coefficient of
permeability for the ash increases with the elapsed time, and the relationship between
logarithm of the coefficient and void ratio is expressed by a straight line. That for the
sand decreases with the elapsed time in loose state, showing the tendency of slight
increase with the elapsed time in dense state, and the relationship between the coef-
ficient and the squar of void ratio is something like linear. The coefficient of permea-
bility for unsaturated ash was smaller than that of the saturated, the value being
about (4.5~8.5) X 10~5 cm/sec.

Drainage and evaporation
The drainage due to gravity for both the saturated ash and the sand was noted to be

almost finished within 24 hours. The water-content after drainage changes with void
ratio, being 13 to 189, for the ash and 10 to 129, for the sand respectively. The water-
content in an air-dried-state after evaporation was about 0.389%,. The relationship be-
tween water content, w, and the elapsed time, ¢(hour), is expressed by

w=att
where a, b=constant changing with void-ratio.

The water-disappearance-rate for the sand was larger than that for the ash.

Slaking

The relationship between time required for slaking, t(sec), and water content, w,
is expressed by

logt=0.71541 logw+1.5694.
t decreasing with the increase in the degree of aridity.

Swelling and contraction

The changes of height of specimens due to soaking were measured on the ash. The
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specimens brought forth no change of height by being soaked in the extent of 0.6 to 0.7
void-ratio, and contracted in the state looser than its void-ratio, swelling up in the state
denser than its void-ratio. The relationship between the rate of change of height, R, and
void-ratio, e, is described by

R=28.30e—18.96.
Adding to this, the swelling and the contraction were almost finished, in 5 to 10 minutes,
after the beginning of the soaking.

The angle of shearing resistance
Drained triaxial compression tests were performed on the ash and the sand varied

their void-ratios, under the confining pressure of 0.5 and 1.0 kg/cm?2. The tendencies of
contraction for the ash, and of dilation for the sand, were very dominant. The angle of
shearing resistance for the ash was 30 to 36 degrees, and that for the sand 40 tc 50 de-
grees respectively. The angle of shearing resistance correcting the influence of inter-
locking effect was about 34 degrees for both the ash and the sand.

Minimum density of the ash

The minimum dry-density of the ash was 1.31 g/cm?, and the void ratio correspond-
ing to the density was 1.03. These values may give some contributions for the estimation
of the density of fall-ash deposits.



