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Photo.1 Decline of trafficability in diatomaceous earth.
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Fig.1 Sampling site for Takasu diatom earth.

Photo.2 Block sampling technique.
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(a) Vertical section

(b) Horizontal section

Photo.3 SEM micrographs of intact sample of Takasu
diatomaceous earth.
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Fig.2 Experimental results of isotropic consolidation test on
Takasu diatomaceous earth.

Table 1 Index and physical properties of Takasu diatomaceous
earth.

unconfined compressive strength (kPa) 271 ~ 384
pre-consolidation pressure (kPa) 720
(isotropic consolidation test)

pre-consolidation pressure (kPa) 820
(oedometer test)

compression index C, 2.27
swelling index C; 0.15
density 0 (g/cm®) 2.27
natural water content w, (%) 185 ~ 205
liquid limit w; (%) 153
(passed once through 0.42mm sieve)
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Photo.5 SEM micrograph of exfoliation surface of Takasu
diatomaceous earth after soaking test.
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(a) Passing diatomaceous earth through 0.42mm sieve once
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Photo.6 Takasu diatomaceous earth passed once through 0.42mm sieve.

(a) Grinding diatomaceous earth into powder
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(b) SEM micrograph

Photo.7 Takasu diatomaceous earth ground into powder.
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Fig.3 Liquid limit chart for the fine contents of Takasu
diatomaceous earth passed through 0.42mm sieve by
putty knife.
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(a) CU test

(b) CD test

Fig.4 Determination of yielding point.
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Fig.5 Limit locus of Takasu diatomaceous earth.
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(b) Osaka Pleistocene clays (Mal2) and Osaka alluvial clay (Mal3) (enlarged from Fig.6(a))

Fig.6 Limit loci of natural sedimentary soils from Tertiary period to Quarternary period.
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Fig.7 Expected change in limit locus with respect to
sedimentation period.

Photo.8 SEM micrograph of shear band after CU test.
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earth, (a)stress - strain relations, (b)pore water pressure
— strain relations and (c)effective stress paths.
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Fig.9 Experimental results of Takasu diatomaceous earth on
normally consolidated undisturbed and sample with high
stress history, (a)stress - strain relations, (b)pore water
pressure - strain relations and (c)effective stress paths.
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Fig.10 Experimental results of Takasu diatomaceous earth on
over consolidated undisturbed and sample with high
stress history, (a)stress - strain relations, (b)pore water
pressure - strain relations and (c)effective stress paths.

150



Axial stress 0 (kPa)

400

Axial stress O (kPa)
s 8
(=] (=]

(=]

400

Axial stress O (kPa)

0

1 23 456
Axial strain € (%)
(a) 6=0°

0 1

2 3 456
Axial strain € (%)
(c) 6=45°

0

1 23 456
Axial strain £ (%)
(e) 6=90°

Axial stress 0 (kPa)

Axial stress 0 (kPa)
— N W g
(=3 (=1 (=}

(=] [=1 (=) (=]

(=]

E 500
2= 400
R §§
S & 300
- E=)
2% 200
S o
L g &
8 @ 100
=]
1 L 1 1 L D
01 2 3 4 5 6
Axial strain € (%)
(b) 6=30°
6
i g s
- 4
w
L s 3
s
L g 2
3
o
1 1 1 Il L 0
01 2 3 4 5 6
Axial strain € (%)
(d) 6=60°
= 20
g 18
= 16
g g S 14
=| Q 12
09 =30° c % 10
#0=45° ° 2 g
/ v o S H 6
/// 0=60 3 4
/. <]
£ g=90° = 2

R
0 15 30 45 60 75 90
Compressive angle 6 (°)
(®) q, - O relations
- A
3 28

0

15 30 45 60 75 90

Compressive angle 0 (°)
() €¢ - Orelations

g8

<

0

15 30 45 60 75 90

Compressive angle 8 (°)
(h) Es - O relations

Fig.11 Experimental results of unconfined compression tests in different compressive angle.
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Photo.9 Deposit layer of Takasu diatomaceous earth.




spring water

C.L.

40m

.
-
g
/////
NS

-
e
P

-
- -
- -

------------------

P ememm—————
+ diatomaceous earth !

- ~——————
-

g drainage pipe

‘}nbilizing pile
@1.5m

Fig.13 Slope profile with three countermeasures;drainage

main road

Fig.12 Slip line in the cut slope at road construction site.

D, oy FORERIMZBLE LEEHSORERLT
W5, S EEOEEE L weak layer DTFELY,
BEICKERMBERBBELLLEZZIOND.

“2. BERELOMEBRNY 0L AT, EEL
IFEARTEL Y OBBATELIC L - T, EEGBA
oKL LTS L&, BT
LERAT LIedoT, RENOD weak layer DFF
ERTRYPELZSEFRITRERERD 1 oTH
. £7=, OVEBRAEIE, RICRTLOIE, BREIC
DYVETHORRE (D) 277y I7BREL, £O
#, DVELE (@) HOMEITRDIGEWERT
HREB L 7=,

ERICHAE LT RV EEAWVT, Fellenius DO
BEHBEICL VHEREMIT LT, BTiCkT
5420 (B3 X, #REICHLNIZI T VT
NEFEOEWERS L S KHHERBEEZBEL T
RE L. REFBFICHWREERT, 3. (3)
TRLEE—MERRABRBERLVEOLRbRER
q, (384kPa) LEbL/IEAR q, (271kPa) DIEHEKHE
ABTTREE ¢, (= q/2) &S ¢ & L. HEMRT
DFER, BERIX 12~16 Thot. LENoT,
R HB AT ORI —FE S BE LIEE,
HowAERFRICH LTEERIIKREL, BLR
OXHTHMTHE, OVESRET S LIIELICL
V. E7z, CU REBD L bRBELIRBIC KT 2 EEH
TOBENRFDJIIREN EBDMroTWVS. Lk
L, Fig12 TR X954z, BANCHE S BELRELR
FTROFE (@) O—EH weak layer LIz D LTHh
2, BERPELETLTHETSZ EMNTFHRE
ha.

FOHOPET, DVEO LG ICBESLEEL,
2 ICAKRPBEHTWAZ LRUBALE. 2FY,
DY EPUZRNOL DOKRALBFEEL, HEOH

pipes, stabilizing piles and surface replacement by
the improved soil.

RERBHRAEOABLEBEST, OVEAE (3
NROEITHYTIHF) KX TREL, TO/R/LE,
BREIFEBRAESBHOIC LR L TEABRE S FH L
LETEREOTRHEVIEEZXLND.

(2) HEIOBREH

ROV EOHBEL &R vER, fEak
OBE, YIS X BENMER, BRRERLICL.
THEH» SAMENRD DY FHNEORBRIMBIAKED
ERIB LU weak layer DIFERETH D, iz, #i
ROERERI S, BRAOBIELIC L BN O RD
{ERRBOEBEVIELIZE 2L bMEOHERD
12°THB.

B, BEMIOSRELOVRAEELZERL
T, 3 OOXEL (Bikkt, RERET, dKkI)
BHEENE (Fig13 W), 1281, REOCHIEK
IR L, >0 weak layer {2 & 394 = ¥ REBHZH#EHT
FTAEHIT, ‘Wbt BELEh. 2 2B,
N MENRERTHLRAL—F T HHH (2.
(2) BR) 2boTWARZ hbd, ARK—EA
v NBEMERWE “REALBEL” 20 VEREIC
B L7-. Photo.10 (I, ZIEZHE+OW-FHMG
BEEHTHD. BELY, Photo3 IZALNB LA
ERTEOBRITIZEA EBo TRV, O
WEICI W T, £RK—E Ay MESHMMPENE
BoTWaik, EEUNBITFLEALELRY

EELE 2R ICHEEHT 20K T, OVEY
#IZH SR RARER L, ThicEsT
PR FERAESBFEIC LA L TEANRE BT
SHABERENRSHD. FZTIHORMRILLT,
DY ENEOBRIEBRAEZ HEKEESZHIZ
“Hek A ZORE" BHRHE S, ol
KA TEERD DD, B0V EICEETS

152



+L=10m |
=L~15m
® L=20m
oL=25m
O L=35m

(=}

N

Discharge (cm3/min)

[\S]

......

0
3/26 3/31 4/5 4/10 4/15 4/20 4/25 4/30 5/5
Date (month/day)

Fig.14 Time histories of discharge from drainage pipes with
different length.

MECBTHABREIAEmS . HBLEEHAN
AR TDOEEE 10 m 725 35 m ICELSE
THREDRRELEZBR L. TOKERE%E Figl4d
A9, ZOKEY, 10 m & 15 m OF & Tiddek
BN +o i<, BEQ 20 m M ETiddkE
ICRERENRNZ ERbh o7z, Thid, HEkS
A THROY ERNICFET BMAELOKREL ZE W
HEEZBNRS. 20 m DKL FTOHVEN
HOHKBERER TR ICRERTE D 2 22D, YEsl
HICBWTHHELEZR T 20 m DA A 71
BTSN, #MbEh, RBEEL, kI, &5
WCIERBOMAT 25 LR, YslmiistE
BYVEIVTHRY, BEZHE > THA.

AR TR LN/ EUTIORT.
OBAEKLRE (REELRE) OBEE+EKE
SETHHABBRET I LITEEAERL. L
2L, REEZENTLEHEIES L, BEHETIIERE
LEBIKALV—F T, BROEAPKELI RS
LR ->T, BRHZZ 7y 73D, KEREEIC
VBRI, KBEBIZELVWAL—F U JHE
BREETDH. ZROHDZ LMD, HITHITEEERE
DRBEHRESERVIERLETHS.
QmEBEELIX, BILEESEL 2BI1EL, +
FOEBRBEBOARL ICHESh, EHERAMETS
B. DFEY, ANBHRATNCE > TBRERBREEIC
275 ThoOMEEESELT, TEHEGD
FI7T74 YT 4 —FRELRITRIZR SR,

%53

Photo.10 SEM micrograph of improved soil.

OFEBE#RLT, Mal3 BLT Mal2 OFIHKKeh
miE, &HICEFHRBRER LTS, Mal3,
Mal2 OFBNEBEERE L L 0 b EHFHERR. Fi-,
R BBRREBEOFIROE(LEHER L & 5 i,
Mal3, Mal2, BEERLTB I OEETHREZ, &
AT —va MR L BB EORZOBRET, B
FHLFER D b EF B TRICEL T 5 Z L B3 F48
T&3.

OFRBERAEZ AW EEREELO CU KRB0
H—OFTHERIL, AREICKETS. £, T
TOBEEKIZBWNT, O FHEL—EER 0Z2£E)
ZRLTEY, EREERERICSVNCY, K&ERA
DEAL VA Zrv—%, EREBERICBV T,
RREDEA VA Z L —%RLTWS., DFED,
ML ERU LS B2 9 5. £z, CURRE
IZ# B4V 5 shear band T, BAWBEDIZ SO>I T,
BILICEWE S B LOEBELSAE T TWS.

OFEELITEEL LES T, EBEBREATE X
5 &2 BISHEBIZB O TY, O HE{L—&KER
OEEBERT. RERD, BHEEAFEED 1 DO
EETHY, EHBERRISSO 2 FREOIR Tk
BLEBOMERDDORT, ZOMEIMESH
BT L.

ORBERE L OMEICEFT IRV, TR
WTIEEFEEZ L -oTWA. L, EEERED
ETAREL Eso 13K FEF B K E RMEEZTTOICHL,
ERERELIISNESFAICKEREZRLTNS.

O—EEHFRR» OB LNIBEERZ AT,
FHEZEFTE2IToT- L 25, UHEAIZITRE R
ZEE (12~16) BPRAFTNTHE. O Enb,
EEEE THUBR S ELA O W — L BE LB A,
DYEDPPRETD LBV, LirLl, 39
HD—ELD weak layer LiZdH B &THiE, BERHR
EZLLETLCHRETAII LRAZICEMRTES.



¥, Wik RBRAO Y BERNEEETLIARALE
BoTREL, FORKE, BEMBUKES LA LT
HAMHREMETLEZ E bBBO—RESZ N
5.
@ NENERICL - TELhEERERLO
B EE LRER, BRINIRETE, LR,
RERBL, AT THS. ZhbOXETORR,
Y AEIIEEICH L 25T L.

B KR EFLHBITY--T, WHEERE
BER SN L YRO Y EREREIZOVT,
&R TEKER) RSB GEERERE Dk 2
vF—a AR E HFEHEICE L TEERT FA
A AZEEELE. £, —HOBNEREERKT
BiIzYy, KRKFEXERE AR EZIRFIE
Bfh, LB RFFHREDF 2, Xt HE2E
F L&, 2B, KFRIIFER 10 EEHEREN
B S (BEFE (B) No.10919053) O#iBh%
FELE. RKERBS, RLTEROBLRLE
7.

BE T

1) /MEEAN EBROREREEEORELHRERIR~
DR, BIUALHFE (The Quaternary Research), Vol.27,
No.1, pp.1-20, 1988.

2) Yashima, A., Shigematsu, H., Okuzono, S. and Nishio, M.:

Case study of a cut slope failure in diatomaceo’us earth, 1S-

3

4

5)

6)

7N

8)

9

10)

1)

SHIKOKU’99, Proceeding of International Symposium on
Slope Stability Engineering, pp.977-982, 1999.
SERFEE, BETLE, BB L, R ERC EENR O
BIONIRE L P25, HASEROUE, I 610 45 /11-
45, pp.19-29, 1998.
SRR BN O TRMRMEL O LM RF 0L
T BHR, R KSR, 1997,
B35 SR TRAE 00 1 2 MR &2 o0l FH K IR 2 T0F
78, HABRF AP IR, 1992
N R, BREH, MZ=4, REIE-— LBk
BUE D LG R, LRSS, B 624
%/ 1M-47, pp.217-229, 1999.
() il T4 L FBRBRO G IELMHER, pp.43-48,
1994.
(#t) EAZS R O - RROIBE (8) | pp.64-72,
1991.
G B T3S RO ITIELARR, TLLBD
B, pp.21-30, 1994.
Adachi, T., Oka, F., Hirata, T., Hashimoto, T., Nagaya, J.,
Mimura, M. and Pradhan, T.B.S.: Stress-strain behavior
and yielding characteristics of Eastern Osaka clay, Soils
and Foundations, Vol.35, No.3, pp.1-13, 1995.
AR, WETLE, HEHMBR, MR KR HI7Ic
BITBEE L O T EHRE, 1L I58E, Vol.42, No.s,
pp-47-52, 1994.

(2000. 8. 28 5{#)

GEOTECHNICAL PROPERTIES OF DIATOMACEOUS EARTH IN NORTHERN
GIFU PREFECTURE AND CUT SLOPE STABILITY

Hiroaki SHIGEMATSU, Atsushi YASHIMA, Muneo NISHIO, Yasutomo SAKA and
Shingo HATANAKA

The aim of this paper is to study the geotechnical properties of diatomaceous earth and its influence on a cut slope.
In general, diatomaceous earth is extremely sensitive to small disturbance due to its much higher natural water
content and compression index than those of other natural clays. The following conclusions are obtained from the
present study: 1.The soil structure of diatomaceous earth can be easily destroyed by dry-wet cycle. 2.The liquid limit
of diatomaceous earth is found to be lowered by disturbance. 3.Yielding properties of Takasu diatomaceous earth is
less anisotropic than alluvial and Pleistocene clays. 4.Mechanical behavior of Takasu diatomaceous earth is similar to
that of Osaka Pleistocene clays in terms of stress — strain — dilatancy characteristic. 5.Based on the experimental

results, countermeasures against cut slope failure were suggested.
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