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Slope Stability Analysis of Waste Landfill by Centrifuge Model Test
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Abstract

The slope stability of waste landfill has been a problem in domestic and foreign countries. Waste landfills are being
constructed in a reclaimed land or mountainous area. But, most of these places consisted of steep slope and hence it is
necessary to use the geosynthetic liners in there. Centrifuge model tests were performed to investigate the slope stability
by considering various geosynthetic liner conditions and degree of slope. Based on test results, the degree of swelling
for GCLs was measured in the range of 22~25% when it was submerged in distilled water or leachate. The permeability
of GCLs is 8.75X 10" em/sec for the case of distilled water while 1.47 X 10" %cm/sec for the case of leachate. This
means that leachate gives higher permeability than that of distilled water. The results of centrifuge model test indicate
that the degree of saturation of GCL, roughness of geomembrane, and slope of landfill have greatly influenced on the
slope stability of solid waste landfill. The slope stability analysis for the given slope of geosynthetic liners system was
also carried out by using the STABL5M program. The input parameters were determined by the various laboratory tests.

The highest factor of safety for the given slope was obtained with the rough surface of HDPE and dry condition of GCL..

{ X

S5 W7 B vjhge T2 P EAE FY - H o F 83 EAE tiFH 1 glon, 53], Aba e 24
AN A 2] Aol thet o] ALs] M A2 hFH 3 glek B3, 8] yehs FUE NIMBY A3} 289 &8
2 8-4-2 915}ed, 17|12 ol PA-L SiQbel YAk Az ol W) 213k Qlrk. T8, o] 2§ 73S APA T ul 7} T8
A 3 BEE2E o) B8] BrloEA ¢RA0) e BARS YR 9k o] ATE ¥ 2 Wi hg ApE e g e
#415}7] 913k, QAR RS AN Stk o, 0] 24 T AFHHA BA Z 2 1S 0] -&-51o] FA-L-S AHY 8%
t}. o] A7) AL 3 EEHH EASA(GCLs) Y] AR EE &5 FFT Fahol tahed 22~25%2] FE =
2 Hgon, EFATE B4 25U 39, 147X10"em/sec, FFFY 4%, 87510 em/sece] gt LIERR
Atk AR F Y A3}, BB F FEAFA ] E3}oi o} X) @ { R J(HDPE)2] EHA L7 o] wa} A Qb &
o] Ztzb eislehe & 4 o, EHol AR A e WlB #13) AT ERAG HEASA S AHEEH S v, 5ha) 7} ut
A 5|7 gro} AR A o] & A 0.2 HrHE Uk L, o] 2ol] o8] EEE APAS QPAE T AFEHY SA T2 13
of] 813k ek & AE Al e} A7t F2pe] 49w} 2 FrlEe & 5 gt

Keywords : Waste landfill, Slope stability, Centrifuge model test, Roughness, STABL5SM

=1 g3, a4

*2 34, 4z

i FH4O)s ERRAN2YBYY s
om FHUs EERRANAUFT gaty ey
i 2ojet 22FeY 0

2
=3 434, 3%

ANDHUHS S5 HDIE (HelE MHEM B)t

145



.LME

2d7] W @gel 23 AAGEAE I - HH e
2 389 B2 F25 4tk 53], )3 Be Erjo}
Kettleman tf 2} ] 24 s3] E-A)|, 2| 2 o] 25} 92
wj o] uf FX| QPP EA, 228 7] v FF NP2 HA L
NFS) Rz As) fUEE BELGRAE A7t
3 AL EA 2 o) 5 22 9 tH(Seed 2} Mitchell , 1990).

Qg AR F22 ARG ZHAA 7T EAA E
= A& aA| A o]t 198203 v] =317 4 (US EPA) o] =)
718 W@ g e 2 A A e AR
Fodg WA BYog Aeunale BE B
A E AR E AT ol F, H 2 2] vl A e
AR EF5AHF HEATAE #7118 1 EY
A2 ARG S W o s g ska Qo #H7]E |
Be) A % AERRAS] B ATE v,
ORouke®] 291(1990)2 ¥ =7|2] AHARAD7E
o) gstol, BB o EAlshe) o} ztoll o A7
3319 o™, Bressi®] 3¢1(1995)& EEAG HEX}FA]
E A RS R APR Y] o Aol g AE A3
t}. HE3h Koerner(1996) & SHA|H B ol&& o] &3t A
Hhjol] EAEH ERERE 183 APl &S

AN st AT

_—

¢

o
]

o] AT = w7 mlH e B3 dele] HE= AR
AFAA Y] Al Bete] AARFHE 71HE =Y
Sk dARINEL dTEEd AT S SaE 2
718l g o2 thAsta, A7) 3ol o3 A H
o2 EYPRL AT AAH L2 FTIAA, A BA
2239014 $Ho] Zhstol Ak 7124} o] HHAAA
£ UEAL e AP/ oI AUdd e g A

AR AL B2 HEFA(GCL) o] 2219, o
a4 542G ANl on, ALY EIE ol &
sho] QubA Q) N ARG Fste] 2HT T, B2
8 FAISo] AP ) AP AT L WA ST EG A
NAY ATE ol g3tel, Aberg M T2 PC
STABLSM3t} 917]:2 v 94 A9 4 7bo] &) uhe
FAEL EHtel YURFUY Avst ula - B3t

gtk
2.0|2X W&

2.1 H7|2 W@ otam7plE

146 s=2AgEsE=2d H16d Ri2&

o) AR S G stE A w, vy o
A S LR L DR R AR

Al E&Aol3 YA Fe= »glsitt 237]4
© DY HEAA, 1982 o= v X o gl = ], 1983
ol = o] % X 9w ¥ <], 198413 1} 1985 dof] = g ]
LBl & X AFAE, 19873 o] Fol| & o] F
AAZAE AFAAE 2 A ARFA Al A o5

Bl 2 A A2 HEdE o] 7tz ek (Daniel# Koerner,
1995). 19 12 u]=+ 3733 (US EPA, 1992) o A A A| g+
107) o2 749 #7712 B o] F B A-A A 9

4
% Fshm AT, 1999). el Abae] ZhEst
Fatol Az o) AAsL ol e B9, ERYF AEAT

BE(R E= XIHAEH)

HSB(N2AXRE)
LEE(NLDAEY TE OGEAR)

£ E(X2H RN
LES- {0 EY

J/Q Y THA
Kﬁtt SRR

FESRAAE

2Rt SRR

38 1. H7IE HEd 01T S AeHA

REFUSE
P \
Lining System
a—tm,

(a) X=HollM Lojit )

—

(b) 227|152 Xt Lol Tk

REFUSE

(c) 227|150 M Uojt T
a3 2. ofEdel oy



FCCL) TS AAE U TR A7 e Ede =
Eo oz st WidFE [AEE F = 7HE
RGO 2 TR AEA] B S bR| Hol] Y=ol A v
| 7HeH k60 ~70%°l*c}°l AR R AT AX
o AR e e} A% vhe R B Feke] Abde ¢
473l el e, HF &—?— AeTUAMESTEA

EEM%zHZH«l ARG, 47 2D o, v
2:871% 53 5o AV 2k 5A4S 7R 3 3ok
¥ 2e 31171% o el A A E 5 gle Akl 5
¥ & bl Ao|tH(Sharma 9} Lewis, 1994).

22 H7|E ofEILl AMHOHY oM OIE

o] Aol A wj P} Al o Ui g o] 2 A&
AlH& Koerner(1996) 7} A|A g AbA A o] &-& 283}
Aok 18 3L H71E wi g AAE T8 52
B g0t}

J7 3. YR Al ERic

29 33} go] ERHAE dste] BASH]

rﬂ

o718 Y AR b &2 et 22 e $3
o 5 5 Ut} FE54 7] (active wedge) ol A LA E =
B2 o g R e

v i) o

A7VA, Wa(t/m) = FE54719] & FA, At/m’) =
B (coversoil) 2] G915 h(m) =BES FA, 8 )=
A 2Bl ofef o] AbAS] THALZLE ejn] gt

Ny= Wycos B 2)

A7)M, Na(t/m) = F52719] sl 53 &

£ Y& 9riank

Ca=ca(L— h ) 3)

sin 8

A71M, Ct/m) = FEH7NA BES} A=z
Q8 B2, o, (tfm?) = FEA7IN BES} AL
ZRAfole) 2, L(m) = | 2222 geomerbrane)
) A0 elnlgic). 5 47|l )5t Aol WAl
P2 e 27 o) B L olETh

E sin 8 = Wy—Njcos 8
4)
. NAtan8 +Ca

FS sin 8
A7\M, Ex(t/m) = 7% A71M F5H7 2 &F
3l Ui &)7](interwedge)©] &, 8" ) = BES AL
Ay e] J&En@z}, FS= dA&S el 5
7oA S5t FH7]e] F& 2 65) ¢ 2

(FS) Wa— Nacos B —-(NAtan é + Ca)sin B8

EA=

(FS)sin 8
)
3, 4254 7] (passive wedge) oA = 2] (1)~ (4) &}
2 fEoR FEUT & Bk
_ 1k
Wp= sin2 8 ©)

A7|A, Welt/m) = FEH719] F FAE g
NP= WP+ Epsin B (7)

o374, Np(t/m) 719 S A F

&Y ELltm) = ¥H7]°ﬂ/‘1 T2 gFshe
Wi 4719 & ‘JrE}‘ﬁlE}-
13
c=- @

A7), C(tfm) = FEH710A stafdel w2 3z

ANDHAHS SB HD IS RS NHUEY It 147



g, o(t/m?) = BEZY) AAYE Juleh. 75470
ofstel WA Y} ok 2, FE 4710 o she] bt
o AR P Tk 3 o] FIE o Fuh

C%—Aﬁian¢

Epcos B = 7S ‘ 9

A7H, ¢(* ) = BEZS) uneiRzte ojn|Hk
57104 BEshe W79 e 4 (107 2

C+ W@tan¢
cos B (FS)—sin B tang

Ep= (10)

Ean

Ea= Ep2 @0H, 2] (100 & FSEe A5 st 4]
(1)} 2 o)A 4 o2 ek 4 itk

a(FS)?+ b(FS)+¢c=0 (11

714, a= (Wa—Nacos B )cos 8,
b= —[(W,— N,cos 8)sin 8 tan¢
+(N4tan 8 + C,)sin B cos 8

+ sin 8 (C+ Wptan @)1,

c= (Natan & + Cp)sin?B tan ¢.
(12)
whebAl, QP& (FS)€ thE- 2ol e 78 4= 2t

J 2
a
3.AUHAIYE 3 A 2EAY

3.1 ESHR HEASKS EEAIE

EZAR AEATAY B4 T BEEs Arede
Brbste 8% 540tk o] =RolA BEEAES
ASTM D2435 - 90°]] HA]H “Oedometer Consolidation
Test" ¥ Holl A8t A B& AT A @717 &
THLAENNE S8l o, MEY AL 6cmo] 3L
O.lkglem’] 238 & A8} Sk £ FHAFRE T

£ A8t en SAHAIS 48112
7] BFL AT BEE AHTAL A (1ol

148 sIZABIBEE =2 H16a K2=

¢umsmn
,

484 ¢ 2he ~
A ]
GCLs o
LEE 1 1 |

-------- Jhn—------_i l
uuf

}

11

T8 4. HEAIE(Swell Test)ZAlE

vebd vk} 2o (Danidel ) 291, 1997).

e (%)= (A BZAAN)/(AFAFA)x100 (14

32 ESNS HEXLIO E4AIE

EES AEASA 33 2 Fahrol e T4
-2 GRI Method GCL - 2(Daniel 2] 2¢1, 1997) 9] ¢} 5}
N2 AR AR AL 1emo) 1 FAA1 B
27 Lo, 0] 18cme] 959 o] A3t
o] 8}oq 815 (35kPa)S A o3t Aol A, 24413t S 77
&g Z3A T EEAN T HEXTA S B4

2 ot FAL $H ERHG AEATAY B4

—_

cel

o

1

(¢)& Fatofo} strt. T,A(¢) AR T4 A (15)9)
Lpebd uhe} 2o
q 7t
g[)=Ah-A. 715 (15)

A71M, q(em®/sec) = 5%, b= EXFF(om),
A(em®) = GCLs9] ©AF , p/y; = TF2%0) tigt
AAATHE Yepdth B7AF, K = 4 (154 &
F542 AR 4 (162 o B3] SASE

Qath A (10904 1= E246 A2 T
7E vebdh(Didier, 1997).

(A
e
O

d

7 A Rl A7 FAE AR Y B4 EE O

590 vrehdl A} 2



3.54 -89
;E]E}‘]EL
Ho|

t
s
2

BAEFEFEHHA
o FasH ARE é-ﬂlﬂ.
S7hEel mEt Al AH s
«1 F7t2 st B FES o] gast

Ke Mol =adshed) ol At HE At B 2ol 3
T 71EEEY A5 SAE dHG ad] g2
10kPa, K¢©] 7]¢-7] 28] k& 22.8° o] 11, B &3 A%-a
-4 The 4kPa, Kool 7187129 g2 218" 27152 LR
daghol S7HHE & AT VIS EHA B
AFrdAT A AT A3 HF 0908, = S8
+ A2 0768 YERASITE T2l a1 S d AT
SEG AR SHFREpFe mAd fstd 52
gtz sl ol meetA Ao

Z

-

FE
o, o rft

b
fir po ¢

A %3}
2343

z2g 1

U A
olo

o,

i

L =

e oﬁ -{0 ﬂll

HU

q=0.42p"+ 10

/

150 ’
100 L]

/T‘\
50 \\. -
| //<,? ' |

0 50 100 150 200 25 300 350
p'(kPa)

q (kPa)

%,
%
L

(a) LA 7158 £ 3=

150 q=0.40p'+4

100 =
50 7

0 e 4
0 50 100 150 200 250 300 350
p' (kPa)

q (kPa)

(b} 22 ERIEH 3R
08 14. 7122|{0IEQ] p ' - q BEIH

3.6 45N Hluw

ey |

) Sigked 7 Aol he 1% &
2x0E FUH e

A71A A gl thE A gz dRAgde glonE Azt
A AN AERFE AHA 02 vwsteE AL ou]rt

7| W2l 2} A 2] AE A4 W slE selsle Flol up

aﬂaQL&a%q

o
U It

2

2

ozl o g
ol
ol

27 e

op

B3 AME+IIE EY AE+E EE
Al 70;5@/\ Hl
SN | mma | R | gy | G [REET
Al == ofarzt obetzt
otz 7|18 B
- 0 32 0 34 FIES
EEAM
(-6.25%)
NEZ I EEEHM
o 4 29.9 0 25.4 &7t
{(+15.05%)
7| EEEA
7t2e| 5.5 24.9 4 23.6 =7}
Lio|E
(+5.22%)
448
B Aol A & o] st Aok 48 718 el
olat x| ko) B4 A8HH A5 B8 Asto] BEA,
AER 1Y, 7t ol EE dao 2 Puloh gl
£ BYSA WA AN FRAE, B3 A D ol
Yol & AT B3} BAE Lolu gy 4 4F A
oA ZEAF(C, ¢0)E vindte] g3 22 2ES
AUt

4g Bl

) A AL =X ST AL E EY
Nz BFAF R =AY 87 E TG A8

E-Gl—al:

7Tl w2t 3 k8o 2 7]

LA VIECZ @Y ABtol T EM0

ast e 133



73 (hydrophobic) & 2t7] wlEel] &Y=} Afolo} #29
B o SIS HER B TR B4R
o} oF /104 %= ZHast k.

3) A5 A5 Aol Mohr S5 UTp ' qFH OB AE
A5(C 9) & vashy] flsted T FEER 4P
Sh= B2t Fr] B9 7H A, ATl w29,
sshikgol w2 SUH Ao AEA B 15.05%,
7ke. ELto| B 5.22% A EAS7L F7 kAT

4 ZA AR Ao e AEL 2, 7 fyolE
AlgoAE ) 4 o BEARS 7 2 @S e
Wor FFANE T dE 2 ubE e 2

FaA]717) ) Eell gHrE] o] 625 % skt

5) At o2 A g VI EREol Mt EF o R A

F B PP FR Yo B 95

A o] A BAI7E Lo A E

X
N

] l’"N'
L
e}

134 sFARESS=2& A6 H2&

—

W

o »

A2, oA E(1995), Y FH2 LHH AR ES 547,955 SR

8 =83, X3 5, pp. 129~ 134,

A2, ol AH(1997), ‘LR E L FE Ak H3Y B4, §=A

¥HE-8}3], pp. 33~43.

. 015 8)(1996), T-F47t & A7k 38Fol, pp. 166~ 169.
BT AMIEDTH1998), 7 28 EF F B9 71 AL, pp.

1~88.
F745(1999), A Z7HES] QEEF & A, pp. 1~178.

. Sawyer, G. M.(1996), “Determination of gasoline range, diesel range,

and mineral oil range organics in soil and water by flame ionization gas
chromatography.” J, of soil Contamination, Vol. 5, No. 3, pp. 261 ~300.

. Upham, B L., J. J. Yao, J. E. Trosko, and S. J. Masten(1998),

“Determination of the efficacy of ozone treatment systems using a
gapjunction intercellular communication bioassay, Environ.” Sci.
Technol, Vol. 29, No. 12, pp.2923 ~2928.

(Y= 2000. 1. 22)



