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Tandslide protection
Subsidence protection

2) Least Controlled Landfill Site (LCLS Type)

Leachate treatment plant

Regulating | Seepape control works
-y epag

Seepage collecto

Signboard Landlide protection

Subsidance protection

b) Controlled Landfill Site  (CLS Type)

10 cm or thickes, made of concrete. with
an unconfined compression strength of at
least 25 MN/m?
Landslide protection
Subsidence protection

¢) Strictry Controlled Landfill Site (SCLC)

15 emor thicker, made of concrete,
with an unconfined compression

strcagth of ai least 25 MN/m?

Fig. 1 Types of inland landfill
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HICEAL TR, E€BLS0AHMEDNTEALHEKIZ
BHLBENWLDEOHENH DI HHEDS T, &4
REENEZEALREYIFEEAETN D W EEMEN
Wiz, K TORBEEHS TSN TS,

BRI G, EEMEVNESENIEEREEY
EZTANDLOT, AAOBAZE X, BEHIZ
BaroU—hTHREENT S,

2.2 #EXkI

BRASEN-BEEMICETNLIREVEYEN
NAEASREL, AOREBICEZEEZRIITRE
REEARTRE RS BnwEMS, ADBITBT
HPEKINFOBEE BB EZR LT LTS, Fig
2 i3 Manassero et al. (1997) ICEKBBKEERD—
NI BOBEX THEERONETH D, 1F
EAEDETHLES M-8, £EELOETI A
ATV REBERY—FOFERBHEESNTY
Do

MEtsrr—&L T, BRBXFAIOBOMN
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TRAEETHE chEHtEI1F—-&9%2 L
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i BRIETHRTERRTHBEA T4
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GCL AR TZF T T4 v 7 O—HIIAEI NS,
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OB TH S, BETR YA 2T v 7 0R
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k £ 10% aws

v

%

Germany Hungary - Ialy Portugsl

2075 m Z0Sm
Z06m Z03m
k = 107 em/s

%

Swilzerdand
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e Geotextile
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Fig. 2 Bottom lining systems for municipal waste
landfills from different regulations
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ROBBATHD, RARBERVERINTNS, P
AT, BAEOEDTEY, £ERRE
KB OBEREEY T, BENBKASB BT B
FAROEmMAFEINTVLS,

23 BAEOEKRIOHESEE
ERRRBEENMNSBICET SRR ED KRS
LT, BA2ECRSINERCEL4ECKE
INE—REEYORKLIES X VCELREREY
DERLABIGDIEEZEDIOFT IND S X
e BEEYOBEEE - LUSOREEN SEKTOWH
BWIZDOWT, R 9 FEDREVAUREOREITHL,
ERE 106 B 16 HICHRERF-BEESH 285 L L TI—
BEEMOBRNADI P L UVELERED ORKIL S
BrmbasEMEoEE ORFRIEREREN
oo BAIHBICHTARECERIBLLFOEDT
H3,

WO+ ELUTEE S m LETHDE
OBKBEN 10° enys BT THBHLE, HL
BNV MED 1 UTOERBREET S5
&3, chE2FRBERKETHELRBDD. TIHITRE
WEARKRD 3 BEOWThM OB/ ZMA
BRKBEETD BOELTNVS,

(a) E &850 cm BLETEKBREA 10 emys EA
FTHaHMTBIUEEOMOMBOBOR
HEITHEKS — FAHBIBTNDE I &,

(b) EENScmbBl ETHEKRBREA107 ecmys LT
THBTAT77 N7 z— Y /BOEM
TR — PR TN TWSE I &,

(&) FRAZOMOMOETICI _EDOEKL —
rEEEBRINTWSZ &,

i, BERICOWTIRTESETEET, #k
BOHEEEHLTAEDIBERBREZETS
&, HiIK X A4 EBIE D »IcEKEORE
R ORBAETES I LI TS, &
SICREEATIIOVWTHEEEINTNS,

24 BEFEMLSBOBEREN
BEVAXIBOBERERICDONVWTE, GREZ
FLIHENED N TSN, TORBELRo
DRAV T F N T M BV L OREMLS B
DHBERTH S, ZITHE, PFALTL &M
BElokticay 7N a Ry hI0 - — 2R
INTHEDN, TOIA4FT—HMETROEEL TH
BAREE L, AABHRBOERRBIZIDOWLTIE,
Mitchell et al. (1990), Seed et al. (1990), Stark and
Poppel (1994)5I2 K> TRENREINTHED, VA

ADT V2 EMET A F— D EME OMER T O
ErRBO—ERTHEEEA TS,

3. REBAHE

3.1 (EREH
AWFETE, MEOHLES A F—EUTUTD 2
BEON A MEELEHAWE,

1. BEELIIAS M~ (BESLZE (KR &,
BEAA——T L1 ; 0,=0.700 glem®, W,
=616 %, Wp=61.0%) EHBREBITI1S %
wBNL7=bH0 (LI, LR A R ERK
T5)

Table 1 Basic properties of materials used

Clay-bentonite Sand-bentonite Fukakusa-clay : Toyoura-s:

0,(glem’) 2.718 2.579 2.682 i 2.640

W1(9%) 65.9 66.4 55.5 :

W (%) 36.6 . 240 26.6 _—
. Won(9) 30.5 17.0 29.3 —_—
O ames(g/em’) 1440 1.700 1.459 —_—

111 JE—
i i| —@— Clay-bentonite
*: Bentonite
80 v Clay
o~
=N
~ 60

Bt

g
=
- 40

=

3 i

5 @

A 20

10s 0.0001 0.001 0.01 0.1 1 10
Grain size (mm)

(a) Clay-bentonite

100

~—&— Sand-bentonite
< Bentonite
80! v sand

60

40

Percent finer (%)

20

fos

. i,
0.0001 0.001 0.01 01 1 10
Grain size (mm)

(b) Sand-bentonite

Fig. 3 Grain size distributions of bentonite mixtures
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k l".—' F‘ukakusn day
—W— Sand-bentonite § ]
~—4--- Clay-bentonile b
X e \
Z‘LS _ ........... ................... Zc..mA.lT.Ymds
g147 ]
o
S13¢ ;
1.2 ) j i ; ; i | N
S 10 15 20 25 30 35 40 45

Water content (%)

Fig. 4 Compaction curves of Fukakusa-clay and

bentonite mixtures

2. BHWICNX S b1 N EEBRERIT 15%
BEmLedsd (BLF, B2 b1 R ERT
3)
NP1 PORBBEVBRERILT 15 %& L
D, N hF1 L EBAEROBETE2BENTHEM
TRHEG, BRERL 15%2HA TR T 1 R2
WML TH, BNMBHEMODERB LN LN &N
S8 (1996) OMERTHE IR TWB Z &Ik 3,
ERFICHER LU CFEENLT, EEDBXONC MF
1 MESLOREYH % Table 1 17, KR INEE B
K UHEE DR (FREEME DI ; JIS A 1210 (1990)
EEEDIZL D T ORE D AEIZL D EHE) % Fig. 3,
Fig. 4 ITRT,

32 ERFZE
(1) kGBEER
ZOEBX, EREZFOLECHBINIMEDH
TS5 F—LOBEDOKABENEEBRSMNITHE
B, A1 F—NBLVERNOHEAME KL, 2
O, FBREAFORKENLZHNETE2HDTHS,
ERAHKIZ, EAEEZRAEL TSemXS5em DE—
R BEEZNE) THOED-ERBZTHE,
BEEKEIC TR ICHOBED LS 1+ —%2%
OEFEELT, A S cm, @ 10 ecm OIE{LE =
IVEMNIZED, 3.1 kPa (S FT—EEIZLTH 20
cm) DEBEZEMLAEDS, FIEORRM (3,7,21
BEUR) BBRIERHL, 82 1cn T D2A51
ALTEQEZORKY, BHE, MRk E2RD 7.
HEOZAIAAE Sy v F AL, B8
B/ FATA4HRMUELEDOEEY L D E LT,
EBFRPZEBWEW EREL, &KHIE10,15,20% B &
UEFIRIED 4 BRlE & L Tz,
2) FEkAnEkEER

MEDOKLF -1 LT > ZEKRRE

Fig. 5 KR RBERITKALBE KB BREE 2R NTHT
ol HREIZERE 6em, BE 2em ICHDED =D
DEFEALUE. REBAERE, MO EIc A
STV EERELUTRBRBICHEL, Il odRick
ERELT30kPa DL E 5 A, iR ZFLETRIZ
150 cm DAKMZE, ThbBEAKGR 75 &L TT-
Too BAKHBMICRERNESERL-BA, tHE
KHREESZ B EICEST, B EA T
CEDOBICRETIHMERNEH <D TH S,
(3) pF&B

THOKNBEAN XL ERBRAT B0,
TR ERBETEIOCHBERIFRINF—, Thbd
BH 7 a s ORORNER) 2HsMTLARTH
Jiashn, AABIHEBIhIERS 1 F -8
HEKLEZHECHOBED S NS L ENEWN, 2
TERETIEMEEEZRY, > hFH1 MEELO
KGRttt 2R D 7z,

EBRFNEL, NEScm, B 5em OEEEZVE
NTHEOED =T 1 F— ik E, 531 emiti
BEDICHELEZDL, BHEEIIAL T L 28R
T5, RiciREOmERICfaf sz,

tnfuent line

Cell pressuce
Vent
o Acrylic cylinder

Effloers line Wlln_?_ 4_/

Fig. 5 Flexible wall peameameter

Triaxial cell

‘/

Specimen

Effluent Ceramic plate

(Air entry value: SBar)

’

Air pressure

Fig. 6 pF test apparatus
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Fig. 6 DD ICZHEMRRBICE Y M LZ® 100
kPa OE¥EEMFTHIAEERIMEES. SHEO
OB R, FEZEHL ZREKOMEEKAD

WARY, FRELKBERO 2~3 BICETIRAZL

o RCHREBOBMERRL 2B, IR (AR
& Sollmoisuture {EFI v 771 —+ 604 DO2 -
BSM1, ZEG B A : Sbar) ZHEHERTT1HHEL
ERE, eefamaeiob ke BEE ST, 8
RKCTEOELGELZAMT S, BRIC, KD
SOPAKKRTHRERKOES KL ZRREL, KR LE
ZBEEN S pF 23R, B CE KL, MEIC pF &
LTERERZERLL.

@ AR
HAMRERIE, KX RSB EITLES 1

F— BB OBMEICONTITo k. BRRENGZ

Table 2 IZRT .

it F—EAR, HBEOER (BKILEEL
OV D) LFEEDBICEKELEENEEEHD
O 2 EEEEHLE, AKLEEMSELHEE,
KABBERTO 21 AFRBRDO 1 F—AEKIL
DA BT B & OBMEES D& KL E HRME
Ll ZOBEE KHBEBERO 21 BRBROS
Kk EBEMELAEDR, BiBAKS 21 HTHESR
oML TA F—AOKFBEAHKT B KW T
% (41 KoBEHEKEEZSR) H5THS,
HtsAF—SREOoEEI X 1m & L. T42D

Table 2 Testing conditions in direct shear tests

Specimen condilons

Case - -
Water content of clay liner Subsail (Porous stone)

1 |Optimum water content (w = 30.5%) oy

2 |Value of water movement lests (w = 38 - 40 %) [Wet

3 |Value of water movement tests (w = 38 - 40 %) |Soaked

4 [Dptimum water content Dry

5 [Valuc of water movement tests (w = 24 - 26 %) [Wet

6 |Value of water movement tests (w = 30 %) Soaked
*Cautions
»Value of waler movement lests means the goal water conlent that specimen was attained by
watcr content afler it was compacted in the optimum waler content,
*In not ked it we use d porous stone used in the waler movement.
+In soaked candiions, we use the saturated porous stone used in the water movement.

Dial gauge
Vertical force
§ Pressure plate
Porous stone Specimen
Upper shearing box
Shearing Vb Load cel
force ad cell

PVC support

Bottom shearing box |

% ! Ball bearing
7

Box for entering water

Fig. 7 Direct shear test apparatus
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REE, AR CREF) R, KB (R REX
L7,
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B 1lem 7 Z7UNEE—INRTREIKIEICT
WOEDEMLE, SKEEHMEELHEE, X
FTHEG cm, BE 2 cm DT ZUNBE—IFAT
FREERTTHALER—FAA =2 ETT
FREEESIELE, S0 LmEE S
vy 7L, E=IRIT& v =L EITELS, Ry ¥
L IBR-FARA—OBIETKEREL,
31kPa D LEBFEEAFMLUTHE L. BEOEKE
NESNSOIETARER, i hFa1 bt
RET a~5 K, B> b1 FEEAETE, TA
WiEs kB4 TIZ 2 B, dHAKBEHETIE1RALL
7o

AR X Fig. 7 1R RE —H & AN
HE TV, MEMEL 100, 200, 400, 500 kPa D 4
B Ui, Ei8 ABHEEIL 0.05 mm/min & URE
FERAMRBRZTo . HBROKTE, SAMEN
W E— 7 WENUEAKEEMS 5 mm, E— TR
NEVEAE 7Tom IZELERAE L.

4. EBEREER

4.1 KABEEH

Fig. 8 &, ThENMBEDK LI F—ELTH
TRV PFAE, BRI FA MRFERALERED
21 HRBBOEKKNHTH B, X T MES
T, BBl oEMEMfETOSKEOLE
RNEFELW,

HER 1 FOBE, 3 BRIBEE 21 BB
BoSKESFICERASNARN, > TERLH
5OXNBEIE I HFMTEERELEEEI SN S,
BRY A FOBE, RBOVMRENBEIIRE
DA T3 AU TEKLESRICEVWEAS NN
ShM, BNEETRAROKBIZHEVWD X M
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Fig. 8 Distribution of water content after 21days
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Fig. 9 Distributions of void ratio after 21days
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HBKREENRICHR TEELAEXR M1 ME
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F1 S OBKREE 6~9X10° emfs, AR R A
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T4 FOHENEKRBREZE N, £OREI, Fig. 4 &
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Fig. 10 Results of hydraulic conductivity tests for
bentonite mixtures

43 pF

Fig. 11 1, MEHIT LB A MEEL LS
WROBETHS, FEN—T 74 v T4 272K
LA F 12787 van Genuchten DX

006, [ 1 1"
6,-6, |[t+(ew)]

I, O BHYRME, 0 HEEKER, 0,
FIEREE AR, 0, REEMEIKE, o, nBX
Pm A TFALTNTA—FITHSH, Van
Genuchten ©(1991)1, 6,=0 &L THEM LA
ANELTWEOT, ZZThor=0&Ll%k. Bt
Ry bFA1 FBEVRARY A b ORGSR MR
3BT LMD pF A E N, ERERL
15%BMLAEXD RF1 FOFE KRS, 1999)
Z2HMZTTVRAIBLDEELILNS,

FTHERY FFT FROWTEHELNIKDH
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Fig, 11 Soil-water characteristics curves with pressure

plate Method

1 F—DOYHEHE KL 305 % Thok. it
R b SOKGEEMBRTIEBRK 36 BETL
MEKEEZER LAV, Uh L EME L TORE
AL, EROMBIE KL 10, 15, 20 X B XN
OB EFNEN 36,36,38,40 % TH-oT. I D
FRELT, 1R b MERAKBERIZE ST
SAER LR LUEREIRELS LS, ELTSMF—
DOEFBAMEMNNE D, KaRElRIE pF ©
BOTZHMIES TS, RARLEZZAF-1F, &
DL IZEB UK HREE, B8O pF LTH
T2EOIEL, BHERCIEME ML TEEX
WERBEEZILNS, RIZBAL RFA MITDW
TEZTHS, KOBEBERO 21 HEBEOER
(Fig . 7 (b)) &H5 &, KRR TEIRK
215 YETUMERLAVDHONEROYHE KX
HA810,15,20 % B I OEFIIREET 22,24,24,30 %
FTERLE, BRYFFA MW THHERY
ko BRI, KRS BEHROEB I K o TEMAE
MR TEae KNG EEBAONS.

44 HAEHE

Table 3 \CEE L - AMBBEREZRT, LT T
iRy b P BLUBR A P ERTHD
BETO, F1F—HNBXUT 1 F— & EE OB
HEABHRBBERICIOWTERE2T 5, Fig. 12 1,
FAF—IZHERS M1 FPEAWEEED, 1
F—HEANBBREREERL 2T —AITDWT
FLDAEbDTHB, MEDEEOLKME (Case 1)
L HEDBOEKEE LR S EH4HEE (Case 2,
PNIT DT HET 5 HE NI, Case 1 T c=141kPa
THDDITH L, Case 2,3 THE, c=40,31kPa &72 9,
WEDEICRAKFERL DI Case 1 XD DRE N
METLREMET U A NHERAIL, Case1 To
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Table 3 Results of direct shear tests

Results
Shearing conditions Case Cohesion : ¢ |Internal friction ang
(kPa) @ (degree )
1 141 21.4
Internal clay-bentonite 2 40 23.4
3 31 24.1
1 77 24.7
Interface between clay-
3 2 13 26.3
bentonite and porous stone
3 16 27.0
4 111 36.6
Internal sand-bentonite 5 67 8.8
6 66 38.2
4 15 34.4
Interface between sand-
~ 5 11 35.5
bentonite and porous stone : e
6 9 34.6

O cmsel E :
O case2
400 | o omses —

Shear stress (kPa)

. I i i i ]
0 100 200 300 400 500
Normal stress (kPa)

Fig. 12 Internal shear strengths of clay-bentonite
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Synopsis
Stability of canyon-type controlled waste landfill is experimentally and analytically evaluated for the design
and construction purposes. In particular, strength reduction due to the increase in water content of clay liner is focused.
From the experimental study, mechanisms of the increase in water content of clay liner above the wet or saturated base
soil is clarified. This increase in water content results in the decrease in internal and interface shear strengths of clay
liners. From the stability analysis, the reduction of shear strength of clay liner would have a adverse effect on the
stability of landfill.
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