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Studies on Geotechnical Properties of Volcanic
Soil in Central Hokkaido

Shigeru Kitaco Masaru Tarkaiwa  Mitsuhiko KaMiva

Abstract

Since the serious damages were sustained by private residenses and public properties
constructed on loose fill of volcanic soils in the 1968 Tokachioki Earth Quake in Kiyota
Residential Area near Sapporo, attention has been focussed on the geotechnical properties
of soils of volcanic origin in Hokkaido, and several contributions have been made by
several research institutes. The reason for this delay in commencement of geotechnical
research on volcanic soils as compared with that in Kyushu, where the soils are locally
called Shirasu and have the same geological origin as that of Hokkaido, is that while
Kyushu suffers frequent attacks of typhoons and severe rainfalls, which loosen the Shirasu
soils rendering their slopes unstable, in Hokkaido the exposure to typhoons are much less
frequent and the intensity of rain is much lower. The damages in Kiyota Residential
Area mentioned above, is not attributed to rain water, but rather to poor geotechnical
properties of loose fill of volcanic soils. The attentions of researchers on volcanic soils,
therefore, have been focussed on their deformation, strength and compaction characteristics.

In this paper, some results of our experiments carried out for the last three years
are presented on geotechnical properties of volcanic soils originated from the Shikotsu.
There are two major types of volcanic soils, ie. fall type deposit and flow type deposit.
The outstanding structural characteristics of individual particles of volcanic soil are that
the particle is extremely angular and porous, and that its angular corners are easy to be
crushed. Most of their characteristic behavior in compaction, deformation and resistance
to shear can be attributed to this structural and surface properties of the particle. The
existence of numerous pores within a particle which can not be replaced by water, results
in a much lower value of specific gravity of volcanic soil as far as the present standard
method of testing is concerned. Crushed particles at a higher confining pressure in
strength test render its internal friction angle smaller and, in contrast to this, the angular
surface of the particle increases its values at lower confining pressure. Each experimental
detail is presented on these geotechnical behaviors by tests on index properties, compac-
tion and strength.
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KUK (Pyroclastic flow deposit) DWETH B, LT oMEaR M35,

\épporo Table 1. Year of test and
soils tested.
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) ' e Sizunai Chitose
W @ Pyroclaste osits XSG Tomikawa —— Shadai
C O Pyroclastic —— I
fall deposits ﬁ]g)aA;hl_ Atuma Sumikawa
. Zund - Mukawa Kiyota
Pacific Ocean 47 Kasuga Tomakomai
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Fig. 3. Schematic representation of pores in
volcanic soil particle.
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NH D, Tieb, KIUKAELL U LT 508 CILigE E i a5 1o i, Sl & LT
WHENTOEERTEELSTRLIN S G2 D 5, BEH e — 2 OPEC 0 THBH & Si4p#L
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HTHbH, TAT, MERBOFIEE L T OERICHE - 2 ZIHERREBNCE, 3 TRERE
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Table 2. Initial dry densities of test specimen
for triaxial compression test.

U Ta (Dense) } 7a (Loose)

soils . - s R gy 1 R
{g/cm3) (g/cm?) L f‘i Flebn, 476 mm PITo HAR
Sumikawa 1.931 1.021 OB YREL-LD, 5 —Di%
Kiyota 1.186 0.995 DR CHE b o B & K L CoefE o
L Type Chitose 1.217 1.062 7= B (ZEE = 2 — 13 4.5 kg x 45
Tomakomai 1.117 1.010 ) _, . —
X 25 [6] X5 = S, =L DODTD
Shadai 1.087 0.899 o il A‘) ) ?ﬁh}z Lo o
! , x THbH, BHRABBIL7 A1 L DRE
\ aki . 42 e i
Hayakita 0% O RS T B, T OBBORE
Atuma 0.639 0.552 bt m e o e e
Mukawa 0.601 0.499 é: 5 %j’L ﬁ‘ﬁi%ﬁmﬁ%bvg“x_ 5?455‘5:% %‘ 6
Kasuga 0.900 0.763 o TH - THET4-403) TFHLRT S,
A Type Tomikawa 0.555 0.431 HER (R D WL, oS, D5
Toyosato 0.604 0.457 N P Jp o e
SHD2fLEL, R OLWTDOER
Atuga 0.590 0.482 . i )
Asahi 0.599 0.510 EROEEL Table2 DL 5 THBH, %
Shizunai 0.587 0.471 fo, BSE, DS9S UE D Ak
‘ KIEREESED X 5 ThDH, EED
BITEHE S 2, FVROSGBEECHEED THL AR LERLOY HEFE LED, D505

FEFORE L5 2 THEL L D TERNC BT 5 7o ©#1220.009 g/em® & L 72,
feks, LAKINKA DR O CH 5 R D & F B OB &%, oMy b 2
Wa Z T WD L hic fbe i,

4. BRERLZOEEZR
1.tk B & B
1 BAHBELE G SOBR

AR OB ARE & G ORI oL TS, T RENRE D & Gl L,
FRMEML AT Y FRRELLLAEAND D LIERMEI T3, ZOBRIZ D THIBEELD
LB Ao TR ED 23, §IBRHL TG 0 KK 02 D CHED 23S L Tuw B8, Wihud ki
DEFNRD BT D, KEHRD Ao TR 4R34+ Fig. 50X 5TH b,
DEH L EDERERHER IR D, Tihbb, WEIDSTMIEZID T, 72 20mm, 476
mm TOSFEAMBORELY ERAREEL TG 2RDICLEEDETNLVRECT LI —RL TH
5 THD,

COMTHEEINRDLDE, H—iC Gs ORRE S AR OO 7210 X o T 2.7 Jitk
i T, HFHROEMBEL LD CHELZ L DEWD 2 & &, BT EAAFEE O B IORE
HELZEDE G RIEEROLENRHD LI T L, Tzl G ok, wmbEZToERE
g Ewdnk, Table3D L5 THAH, HANRND LAFILL > THDHRH 5, FZT, &
Ko G 5% HEFERB ORI ZRIT 042 mm FiBTHDH I L, BN, HEHELD O
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| Table 3. Ratio of maximum specific gravity
j to minimum one for test soils with
i different maximum grain size.
261~ :
B soils Gs max l (;s min Gs max/Gs min
Atuma 272 | 194 { 1.40
24§ Mukawa 290 | 230 1.26
|
| Kasuga 270 225 1.20
& ® Atuma (43 km) . o ‘ § ,
o Mukawa (50 km) | Toyosato 2.68 : 2.16 1.24
. | Kasuga (58 km Asahi L2660 217 1.22
’ A Toyosato (72 km) \
| 0 Asahi (89 km) - - . ot .
| " 2: (Js 0322'“:«@”5“:91 "“"/'xE.LfCl)ngﬁf]‘IIE&)B/}L/L&‘V‘
|
AL N cemeTss.
‘0074 0105 0250 0420 0840 2000 4760 2 -
maximum grain size (mm) P4 20fRESHWT IR O2 DD &
Fig. 5. Variation of specific gravity NEZbNhD, T f& b, SRS DR S kT O
with maximum grain size of RN 7 DB CR L, 97, RiEZCTTH

soils tested.

BN, RO G N 27L& 5 & LinkiK Ao
L CH B (Go=2.65) UADLODRAZRTLOTHY, Ths 042mm 7 A4 1 D
AR L, 20X Ui 6 O EHCITIZ L AL MR TH - b D EE L bR D, Fi,
PR AR O RRE R 20mm £ 476 mm DL S k&< THE, Kok - TERBRTEE L
)7 % ORT AT DEIENREL DT G pVPECIEE NS LD &b s, L
L, Fig. 51k C0.105 mm B R C— B TFFEL 735 0074 mm CH EFHT2 40 (HHEE»S

DEFHED NI L DICH) BB D, ThTRBWTE,
(2) EEIHBELOMR

Fig. 6 1= A MAILK £ic DV Tom g ) o
B E Gy & DBIFERRT, < OBE Gt |
FIRIREET, 476 mm 7 4 1 &L 72 b D
DNTOMTH D, ZHICLD & G it
LI IO TR EL B EMPBHED B R B,
ZHERTE D & 5 VR BEER U TRORRL S 8
% GBI DI O TR 8% < e b, £ o 8

7o ORI A LE b D LEE LB RS, ° wzw__o
42 O B R L T

Table 4 D4 M g — B FrL0 Fig. 7 0 40 60 80 100
BB IMBEIEE R BE D L 5 EMNE LB, Distance from Shikotu Voicano (km)

L ZF‘J@J(ILI WA 5 RB 10 LA, 74 L) Fig. 6. Dependency of specific gravity and
L8313 i N v uniformity coefficient on distance
H(\L 13 8% TN U AU] L\\l & from volcano.
9 /J\éh\ Zk, L L’chbilﬁH{ i ;)io IEORTREL B IABHH &, Tl T4p LIT
DML 10% LA & LI BRTEBNIEDINC & THDH, o LA E ARSI
DY, BHRUICEA OB CZ DI A RD D Z ENTED,
L&, AROKUKEAM— 0 ik & ZAEEECHET 2 &, L BUIM—5 L Tl T4 ¢
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Table 4. Test results of index properties and classification.

i fraction coefficient | classifi- distance
i specific 1 sand silt clay of cation from
sotls gravity >g£a7\(/)e 4.76~ 10.074~ 10.005 |uniformi- | triangular | volcano
(O 0 074 mm| 0.005 mr mm < ty diagram (km)
Hayakita 2.21 26 67 7 0 17.2 sand 37
Atuma 2.20 15 82 3 0 5.0 » 43
Mukawa 2.32 8 89 3 0 4.2 ” 50
2 Kasuga 2.58 1 90 9 0 10.3 ” 58
& Tomikawa 2.2 3 95 2 0 3.0 » 60
< Toyosato | 242 1 97 2 0 3.4 ” 72
Atuga 2.32 0 99 1 0 27 ” 78
Asahi 2.41 0 98 2 0 3.0 ” 89
Shizunai 244 | 0 7 99 1 0 3.8 ” 98
Sumikawa 2.24 2 77 18 3 14.4 sandy loam
Q Kiyota 2.36 2 66 25 7 10.7 ”
& | Chitose 245 2 86 13 2 26.9 ”
— Tomakomai 2.40 2 67 28 3 33.3 »
Shadai 2.37 2 76 21 1 14.1 »
100 ;
o
£
(S
@ 50 il
Q.
°\°
0 mﬂﬁ ==

001 002 005 01 Q2 05 10 20 50 100
grain size (mm)

Fig. 7. Grain size distribution curve.
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4-3. EEHHH B
1) w#skkogs
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DHERAF —F—FELTHE, TOMEERLLOEELBR, WG w, WEEX
EEPbhT5Y, Lal, ABAUKLIREWT, BREAREL VRELALHIE S
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PN AEE ws 2D HFEL T 3-2 Tl HIKTRED B &, EE D MEE R B ERILTER
FhgBEEDY — 2552 Tnb, —Pl%7RT L Fig8@anlsThd,

9, WG KLIE w, ERKEIEEE Tomex OB TH D2, HEE, FRERD w10k
WTENRTRD Tamax HHFZBTHEDL, THHD Tymes HAMOE Table 51233 L 512,
LD ThTFRTHY, FHL w ODUDAREDDET Tamx IE—ETHDH L ADBNETH

B, COFERILEED = ForF ~ fuﬁ& R X S B A DORRTH B, MR TLE

ﬁmmmﬁtiékm%%ﬁfv5o DISFHEBBH QoD &, ATJQUKE oLk

mw@>%ﬁl®5%ﬂ,ﬁmwﬁﬁkﬁhkﬁ&mf@ni EATEANREN B HREL T,

DENTIRNDHEEE K wope DL X LR TIE, BHIRD Tomex KIUIEEAEER LT
I WEWH T EIT D,

SWWE%QWNI %, DEVIRHE KL wopn &, PIWIE KL w; DB

Q T B, Fig 9imT X 512 w; 75 40% LT o

MWm)
1 By, BHoHM? wen l3—ETHY, 40% iz 5
& wy DI & T wops BIGINT D LW 5, {LDH
o Bo o FERERRL T b, TOHEEnC
DWTELTHDE, 7, 5 A BKMKLTh
1 KU T Tumax %185 OS5 AFBAIIANE, Tamax
NH LS w; D&V bbb TR THD LT
b, DF DRI oMy (Fig. 3 8M) WiiE &
T T 8 B SE ] o0 0 IR MBS 67 7 PR AR KV
BRCL T, Tomax 52 2RO £ OG5
HTHEFIRCEEETHOTH D, T ORE
- OFEE & BT I U, e L TR R
0 % 100 150 ETHAL, 5L TCFig9% #5 ThbE, w;

W Okl 2 A0% ¥ TUE wop 2 L TH % LD T &1L, ©
Fig. 8. (‘Z(m}p‘éctiorﬁ curves and uniformity DEED w, ¥ CRET DL, FBEE KT w10

coefficient curves.
BAtRn  —BICie»TLE 5 EEET A Lo,

Table 5. Comparison of maximum dry F 10 40% L EO w ISR U B A IR K
densities obtained from tests

compacted from different ini- }
tial water content. 100 a
highest lowest o
soils value of | value of A-B - Y /
Ta mélx Ta méxxB A 590 /
(g/cm®) A | (g/cm?) (%) g U L Tomikawa
Hayakita 0.57 0.55 35 880 o Atuga
Atuma 0.67 0.64 45 3 ® Asahi
Mukawa 0.73 0.66 9.5 L / ; g%ﬁlg};
ukawe . . R
Kasuga 0.95 0.94 11 7033_‘;———:?——9/ —=/ (A-type)
Tomikawa 0.64 0.63 1.6
Toyosato 0.70 0.65 7.1 60
Atuga 0.61 0.60 16 0 20 40 Wi 6((30” 80 1
Asahi 0.69 0.65 58 . Relation b . 7 ‘
Shizunai 0.62 059 48 Fig. 9. e at.xc?n‘ etween optimum water content
and initial water content.
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w, DRECEEREHE NI LT,
Tamax 52 HIEEK D EGIL TXTO w I
SNTbh bt DO THE DML, Fig.9n X 5
E | RIS T B, C ORRT LI LT b TR O
e N Peruz X5,
= ‘ DT K B T T DN B
. —comventional method S\ Fig. 8 1c o Th b &, AMKUKEDEE,
08 | i f Lo Tamax 1205~07 glem® O E WEIMIZS AL,
| | o r M ST L N TH B,
PR W00 0T D s DB ECOR, MROC L0, D
. ) . LML BLOTH D, HEHOEF O,
Fig. 10. Compaction curves for L type soils. N - o n
AEBRCTHH -7 BEOEBE S O T

1'0 S — %,, L — ,i T -
! i J
3 Sample Bibi

| (Ltype) |

é
|

i i

o ' 13, EORBICERELRW AL THD EEX
& u R

g sof——— = b) i FAIIKE (LE) o8

N ' 200 W& K I we WS R B Te~w MR
R - - Fig. 1012 ¥, CORIN L RHEL R
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H&H'ixfiﬁ$§?xﬁiiﬁﬁml IHTEIE—ETH D, 2, SHIRAEICIT SR
PACHON I BBICAF\ T AT, 3, Tamex BFL B

Wope 11 40% FIETH B, 4, Wopr & D KHMOHBILEHDTT7 T » FTHD,

CD5h, L2omwELCEEREETHY, 3408 MELNMERERY R T LOT
BB, DboErbT5 s, LEKWKEpEL &t oz oEEEx 48 bRk
FEEZ D,

FRBEEREC I DB R To~w BT IERE D E LIS XD Te~w HIF E 70 D, Tamx
MNEL KDL I, T OHERBERTAHEIDICL S

BT OBROBESEbh b0 L EL bR b, L

Db, AR, LEOREDRBHERCOVTE  2f—to-o § Hayakia
peh, KEDFEBIC LT AR, LAWK OO | [k
HEhB, Thbb, ARG w C B8R D5 ] s Tomikawa
LA EE ST, AROTme 206~0Tglem’ %I O | A
Lt NS LA LELE 09~12g/em® Fk X<, T 00 || & Shvuna
wope b LI LA TR E L, (Fig. 12 BI) 5 00 oL ype

@) EEHIC L BT OWEE 0 .

— B 2R 0 B e BB R E S R B ; .
IRE, BT L O KT AEEE b, KIIKED s Be o
L5 fe LT b AU R E O BB TR E i I 8
P THEBICHTABBSADC LB SR, & | | f g % ot
o, COMTWRMIEE SR EETs Lo LE SR S S A S S|
bbb, AERTIEHEBEOEKREDET L » T Wopt ()

REDEDORESMNE SBT 522Dk Fig. 12. Maximum dry densities.
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B, G EEER L OBFRE RSO, ZofE A Fig. 8(b) iR, SR g, RO
DRI HIE L T, Tomax U D Wop KW TIHRKDHEFREEZRL TR Y, Tema 4
U% X558kt Tibhd wop THRADWFHEET Tb, FRBEHRH Cu~ERiL w 0B
FRIE wop B E LK FRIEE R L TR D, wop DIZEEM & BEM & DA 5 &, U B
BECLREMO T NELND Ta /PN,

T ABE LHMOBHRIR B I v LT 5 L Fig 11 X9 LR FRHEHE I L, [—
KT T3 SR E P RARK 5% BWMMT 22 &30 5%, T ATE LMo HRoERS
EFLOE T ORBIFIR, WS E 0BICL 3 LDEFELLRD,
3) REDIRLF-EMOFE

HRAEDBELETIC BT 26 E 0= 2 4 F — 38 —Ho 5.6 cm-kg/em® X 0 2vfg h K E v, &
DI DB = F A F ~F WIB fiod THEINE LD & L OFEDIFERE 5hbdhiMmb
EOBFBERIIT TR EIATH D, T TCLBoL 5%, #l, FE, FA, B4, @i
W TEB O A B Cic L TRES = FAF — 2158 45 {5 Lo ki X % a7

I

Sample Asahi

08| E=256 kgeme
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W (")

Fig. 13. Compaction curves for different compaction energies.
Table 6. Results of compaction test.
initial E=56cm-kg/cm? E=256cm-kg/cm3
soils water _ - B
content Wopt 7a max Wopt /g max A
(%) (%) A (g/em?) (%) B (g/em?)
2 55 0.65 44 0.85 1.31
12.5 53 0.67 51 0.84 1.25
Atuma 30 65 0.65 52 0.90 138
48 75 0.67 65 0.85 1.27
20 55 0.72 40 0.97 1.34
41 70 0.75 — — —
Mukava 56 85 0.73 - — -
82 93 0.67 — — —
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inital E=56cm-kg/cm? E=256cm-kg/cm?

Soils water B
content Wopt 7d max Wopt 7a max A

(%) (%) A (g/cm?) (%) B (g/cm?)
3 — — 30 1.22 -
12 37 0.95 30 1.28 1.34
Kasuga 35 53 0.98 — — —
56 59 0.97 — — —
25 — — 42 0.87 e
10 43 0.70 43 0.89 1.27
Toyosato 54 83 0.72 60 0.89 1.24
75 — — — — —
5 65 0.70 50 0.92 1.31
) 11 65 0.70 50 0.92 131
Asahi 45 78 0.70 55 0.90 1.28
63 87 0.68 — — —

feotc, REDMBO—FN Fig. 13 ¢, ERERO—BEEN Table6 TH 5, T hic Lius, %

ABEL =R AF ~DOBINC L TE~EED Tomax L0, THTHBEMML, TOHMMERIT 1.2~14
fECTHhHDH, L, BIEEO L SWwEREBSHC C— 28R Ed, TRELEILDOLH 5,
F 7o wops BEALL, B IRD wops XEE—TED wops £ D, 13T 10~20% BIENE Te 5T 5,
4) WIKEBMO

PR T ELLEADPBTTNT, H20MERKIECHE L 2 inkts, Bhicsems
RELHIBL D, 25T5E, ML KPETERSR T ERLOTIEE NI EEL DR
Bo TOTDHMAKE 2 HEKEL CRERTF AT £ THbRBE TR, WAKBERE Tomax
CEDIIBRNRSDrE AT, ZOFERITAMDKUKED 55, #8)1, Mo Tk
W, fERO—% Fig. 14 TR T,

ZAUT AU, kiR 2 AERE L i EUR o
BFREFTREIIAKRER T 2mT, ZOFEK
o TUE 1T - e 20 CH B dFEL W
WL T E WA, B b BT O EHEREI R
FOHEEYBLSTHLIOCENLLLLOTHA
5o BRI L o THERBARNRENT A Z &85 F
BMERB5, CHIEHE FAOBRC b, ”“&%“%3¢&”>(

&: (Y

two weeks

4 B ERR ot cured—’-—_"
W) B, EXI, FEEEOBEK 08
a) LEKWK:DHE 0 70 70
filhe 23 e @G T2 EIE N (61—0) &

B e X AVIV oBIRo REH% Fig. 15,16 1
T, ETESDOEEDEHE - THhRD L,
{61—03) X e N 15% IR CHIR/IcE ~ 7 %RL, £OE— 7D X 33 fHENNDNE A A1
DN E T D, FAVIVIE—BIHET 28 e X 3 OB & T RCET S, —Hd 550
DFEIIRESK E LB & 15% DINT (0,—0) D&~ 7 %FEXF, EMRECE T,

50 ) 100
w (%)

Fig. 14. Effects of curing period of soil
on compaction.
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Fig. 15. Stress, strain, volume change curves.

30 !
03 = kg

% Shadai Loose
g | (Ltype) 4
s
5]

10 - S

//’7\
1 T
05
0.2 =

0 5 0 € (w15

. GO YE T 10 € ¢ 1B
05 _—T [ —
]

2

% 4
ES
- 6 o)

\\

Fig. 16. Stress, strain, volume change curves.
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<, i, BEEILTEEYRT O,
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2 TH 5, Fig 17, 18 T %S9,
@D XML, WFo R
LA EENRED LRI O, BREE
NESHT064 g/lem® T, BDBHSHT
0.55 g/em® TH » T, TOETPENE
oz oic U Th, BEOHXEN &
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EEZbRD, ABKUKLEDISTI—e
3 BEFE KPR, BB
WIS B BT IEHUFE R o 2 Fuc A
LTwbEwnwz b,
(2 BEEHORE
Fig. 193 L Bk LK 0 @ B39
DG HEORMEER RO LIcHD T vy
FTHB, TR, 3FOHENT AR
Tk H, —2i% Taylor-Bishop = & s
F~fiEYE LbD, & 5—2i%k Rowe
OREC L HHIE® X Lb o, BEK
ERWBEX LInWboTH D, DRI
FOTHGIA % o, BitoBEY 8 &
ThHEc, kKNI oRDBHZ EMNT
&5,
sin ¢ = tan B (1)
¢ =afcos ¢ (2)
IR XA ¢ SHEE T ¢
% Table 712R3, Z ODFEIT I\ T Bish-
op ¥ LU Rowe i X % ¢ (&
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20
Sample ’E‘ Sample
Atuma X £| Atuma
Dense Rate 10 st
63”6 R & Loose 0=
10| (Atype) / ] & (A type) /
N 2 S = e
P ——
5 / 1 \ 07
w | e
& ///’,_0;5_._._,_— 0 5 10 E (15
=\ L= 0.2 ~0.2¥ .
0 =75 10 E ™ 15
0 5 0 €@ 15 E ‘
&;01\‘9"“% 5 10 Em 15 ‘ 05 |
05— 1
. 5
\
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Fig. 17. Stress, strain, volume Fig. 18. Stress, strain, volume

change curves. change curves.

FEMG O ¢ THH, WIEL Tiss b O ZHHO rL ] |
BaFRLTH D, — T EMHEIERS D 6T, KB Sh%da' (Ltype) 1
L0 B, hais & R - o 0T, $iiE SISy ense |
VERL T Tius, b 5 —oiLEHEIE (20, 40, 60 10 R (e
kg/em?) MO HEMTHEALBED ¢ THD, Fig. 7
PN YRS Fol (T TS Uos i Ry T S
o = / * mdlfledbyﬁxshop

WEEL, UNEHD, Wwhd Db 5 A OWTE EIN formula |

. - . . A modified by Rowe
WHEAE (05~3.0kg/em?) TIT7s » KB & Bic - 7o forlmula ‘

LR TG B, Thbby 7 A0EBRBRED . -0
IohiE, WIEL7Zcu8Ed i, Bishop i CHilE —
L TH UG E VA 24 b, RowelkiZL » T
WBLDHT, ThRErilid L Tnd, RERCKE G TR BIROMRE, FEE% 0 k%
B, WEEAS LBy, LW PR s A AR, o, GEomifioEE s
MMOWEA &L Thie h KE AR T, COMEYEL ThD &, —BIC kUK FokT
DIERLRERBEPHTU 2R TSH D, BRI TR I AAERI R D BERME-Z &,
45— DI EMEFIC R WT, € VTR LT Ao DI LB L T A= R F — Ml
WHFRAZ IR L TR E WD B b, $olBE S lmike2RT o o E i
BWTLRABABZ ETHAHW M, Rowel ki L 254, —BICIZBRRERL, BTOB@HS

0 s
7 (9
Fig. 19. Strength test results.
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Table 7. Strength parameters by four methods.
uncorrected modified
soils lower o3 higher o3 Rowe Bishop
formula | formula
@° @° ¢ kg/em? ¢° @°
, L 465 39.5 0.42 45.0
Sumikawa 39.0
D 50.0 46.5 0.51 485
. L 49.0 41.0 0.56 475
Kiyota 39.5
D 54.0 455 0.78 53.0
. . L 45.0 41.0 0.59 435
L Type Chitose 42.0
D 51.0 46.5 0.39 48.7
. X L 48.0 42.5 0.61 46.0
Tomakomai 39.5
D 55.0 455 0.64 52.0
. D 51.0 38.0 0.68 50.5
Shadai 41.0
L 56.0 475 0.56 53.5
L 425 28.0 0.77 425
Atuma 41.0
D 48.0 30.0 1.21 48.0
i
L 41.0 20.0 1.06 41.0
Mukawa ? 44.5
D 46.0 225 1.87 46.0
L 39.5 29.0 0.81 39.5
A Type Kasuga 41.0
D 46.0 30.0 1.22 46.1
" L 42.5 23.0 0.78 42.5
Toyosato 43.5
D 47.0 28.0 1.13 47.0
) L 44.0 0.73 44.0
Asahi ) 45.5
D 47.0 27 0.99 47.0
L: loose packing D: dense packing
BEINTe b, iV RERIRIETL ¢ © |
BRI L, RELSTLEEL VBRI TE Atuma
h, Fig. 192 s\~ T Rowe g CTHifE A 77 T (A type)

i, BB TAEToOHC I b0 EED
ha,

¥/ Fig 2012 R R 5 X 51 iy HIE A3k
E I HIToh, HoOHHBEC KT S ¢ LD5
SHREH BT D ¢ DENKREIPE L A HH
W% b0, WE L RTCE, BRES
LLFE, WEEPE 7L - THBIE IR
WEGRYREL, Bo0, ©5C5H0 ¢ DER
FEAEELLI G, L LKUK A BT

S (e

237

e

-]
L

Dense
Loose

|

5 7+ % 10
B kg

Fig. 20. Comparison of strength
parameters for different
initial densities.
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L WIEENE e BInoh, PO Sn, PBSHOENNELIRELDEELDNRD. <
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= B AR A B A B L, S EEAYE < 7o o, BB R S 1 6,
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F TR TR B e ois & VIR THRICEFRRIC LT 7 A A 5B R 17178 - 72,
FAus7- 7 L 413 2.0, 0.84, 0.42, 0.105, 0.074mm ® 6 FETH 5, LEFEO x 5L 0.074 mm
YT OB R DI TiTlcb b » 1,

BT O REOLR BB BANCR T o i, Fig. 21
AT X 9 VI o BB RIEE n B Al fR T s
WTHRR (22 TR0 20, 0.84, 0.42, 0.25,
omaOWMmﬂm%wéﬁﬁEﬁ$®ﬁﬂ$Dmf
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R AR & L e, oo g sidd” o) e

Fig. 22 13 WEE & B0 B X U8t v il B Fig. 21. Definition of gradation
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THbH, < NuBEPet (disintegration ratio) Rp &
S, EBESER0% HHIC & B & Rplk (+
Vi D Dy)(2 v BT D) % % TH B LD
DTHB, Fig. 2212 BHh 5 X 51 REE L WR
FEE &Ll T b0 b, MEERGIREH
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DREIPFEHIT N T, fREOREWEE D &
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so| ]

{ i 7 [ |
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w N
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Fig. 23. Relation between gradation Void Ratio
number and angle of inter- Fig. 24. Effect of particle disintegration
nal friction. on strength parameters.
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