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SYNOPSIS : Settlement with crack on the hardened liners may occur in the weak clay due to
waste load since the stiffness of the hardened liner is greater than that of the clay layers. Way of
reducing deformation crack in the hardened liner is investigated using two computer programs,
CONSOL and FLAC. The computer program CONSOL estimates the magnitude of settlement with
time in clay layers and FLAC analyses the stress and deformation relationship between the
foundation of landfill and waste load.

The results show that a representative block of the analyzed area reaches the consolidation
settlement of 1.32m, 8.8 years after the disposal of waste started with the degree of consolidation
U=90%. The stress within the hardened liner exceeds the allowable vertical stress of 5kg/cr and
horizontal stress of 1.67kg/cr at the concave part of the liner where the main and branch drainage
pipes of leachate are located. It was recognized that the thickness of the interested area should be
enlarged or the strength of the same area should be improved to tolerate the planned waste load.

Keywords : landfills, hardened barrier, leachate, waste load, stress-strain, settlement

1. M B

FU 718 AR E GiFEe) BAE 2HY & AES A Al AFHE A7 Be
o oolu] Aokxwt Wol &4 WA M AAE SolaA HT AW AFEAE AT A5
AAE AGY 2848 vAFAZA TAsE At Bol Uk A AGHES S WYRE
A7l FoR AW Askh LASA S0 TAQ 1A B0 AYARYES FHYuT 2 B
Az 279 3¢ W A7 Wo} nFA] Fdo] LAY § A& JFsAo] A oo B
ATE $HAF da Ao AN F4ASE A2 ¥ £ Yk LIASAE GyoD 2dy)
g E w247 @ BEAFOR A FArbsAHol L REL XNEe) EASYL WYY
% Q& FshHY TP CONSOLH 279 ah3o] o3 Atse-A8 SHL g 4+ U=
#¢ A2 TEaY FLACE ¥8dte] &40l weh SAsE dis 2830 B3 S
e 9P Yoputet

-607-



2. axue] EERY

dgA g AEFAHLE ABHLZRE fHEHAS, RelF, FANRES, TIUS, 94359 £2
FAHe Atk HAEL 05m~14me ¢ FAZ JYeEuz HF 1I0me FAES Yelug 59 B
A CL3} MLel Bl &o] 64%h 36%°l0, HE 23%, AE 71%, Zd 6%=E FAFHo Q. Fsgd=
ddo] Fale M RE dHe ZFo] YEIUE F2oE AEE 15~30m Zold) =
08m~6.5m, T FAE 24mE YERdT

23 1% 2v AFRALE EAE dAX9e] JOEXe FURIE e Aoz AESF 2-G
E29 ZAL7t AZo Aol /M EFASA HAH o sF & REAse o Z
2 AlaHo 24 gidE"gez HAAsAH.

Mo 3
Hd
ok
£
ol

o

T
20 40 600 800 1000 1200 4400 1600

Distance(m)
R N:1-~10 upper depost RS N: 21 ~30 veatheradson N:1~10 upper deposit N: 21 ~30 veatheredsail
[ ] N:10~20lonerdoposit| | N>31 weathered softrack D N:10~20l0~erdemsitD N>31 weathered soft rock
29 1 A Y BT 29 2 gaA Ul 8 pE

E 1% 25 03259 9UAs A4 $FUY AN FYs7] 99 dAPFA AN E B

sol @ Asoln F 29 YARFF 27139 IR

= ) ol F 27]7k=H] &R T g 23] 4= A A+ 323 A 5
e (t/m’) eo Cc Cs Cv(m/%) Cvs(m/%)
A | AR 1.85 1.0 0.25 0.04 0.526 1.051
A= 358 - 1.90 09 0.24 0.035- 0.263 0.526

-608-




£ 2 $U9d A4 YARF(FASF 9, 1999)

2 g | uNEE| 228 [dednd| Eodd | aeas [ ARedAs | deRdAs | AAENAS

= (t/m') (t/m’) (@) (v (t/m") (t/m") (t/m’) (Ko)

ARl 1.85 - 0 0.35 350 389 130 054
HAE| 2 1.85 - 0 0.35 450 500 167 0.54

5155 & & 1.90 - 0 0.30 900 750 346 0.43

SINEHE 1.90 0 30 0.30 2,000 1,667 769 0.43
Zalot+d 2.30 10 30 0.25 190,000 126,667 76,000 0.33

A 1.85 2 25 0.30 2,000 1,667 769 0.43

®Y 7 F 1.10 09 26 0.30 600 500 231 0.43
3. At sy

PR ge] M ¢AE BN 139 Terzaghi 4298 & o] 8¢ CONSOLZRZ W& AE3to
o Po] A wet AEFe 27| dFo it GAste APANFH YU E AESAUT

[ T T T Y
leachate level for CONSOL 3

| \r s [T N J 04

£ ™ ) ]

! P - T L

| L ; 2 Jos ¢

’r £ = g o : : 1,

! ™ soft silty i 2 - 41 3

' Ty ——E soft silt 1 ® A « ' < g ~ 1.2 2

I e y\ | - -» 8 b ‘3’

l __!l; UNIT I . —; 1.4

| = . stiff silty ! | j 16

I . — weathered rock / T ERT:

77777777777 ////////////l i Ly 1 i2

| ' 180 240 300 360

Time (mon}
2% 3. CONSOL #jadd g 4. oy rite] wE dLE9 HeHF
29 3¢ 28E Y ASE BEEAL IR 40 YAHE do2 wsten) 27 4 9
o Y £AHOT 19 85m, 2% 65m, 3B ~8HE 8me EolZ o] AYH)

% 3% 29 45 ¢UARAY AAE UHd Roz U EAW Vs 7 BolA Yol 7
& AYP=HJE o AL F Uve 7P Hspgon Aoz TAd wiy 8o Hslako) A
sRol e Aot 3, vido] #2W F 12049 F RHE AstEo] 2 Wabr} glow Ao A
Stg2 1.31mE YERT SEE 90% S 7HA dEle 2872 10671 ¥ (8.8 ) it}

-609-



F 3 g7 uE AsFH 4

49 | vuden | vaAcs | DEAF | caaa 99989 | Gonit s
©A| (m) (m) (m) (7h¥) (m) T P

1 85 2.0 0.67 6.4 0.35 - 52.01

2 6.5 4.0 0.85 155 0.50 40.91 58.03

3 2.0 6.0 0.96 31.0 0.65 51.78 68.20

4 5.0 85 1.03 454 0.77 63.12 74.64

5 5.0 10.5 1.11 B58.7 0.91 69.33 81.38

6 5.0 12.5 1.18 709 1.00 76.57 85.28

7 5.0 15.0 1.24 815 1.09 81.55 87.78

8 5.0 15.0 1.32 88.4 1.15 82.01 87.00

€Y-¥E HYodle FIAEHY Z23PA FLACE AHE&stdded $
2 Fes 23 L FSE Hu HEIFUG. ngFel Ae &
EslRen Ad A9 2P oy
17‘°ﬂ e gy &2 WsE LopE gt

lo

fr
L
r
12
e
ol
oX,

M &
4z
mlm

o

222 #4357 A 29 19 A 900~1200me REL RALG wHAEZA A
FARE HU0E SRR, AT FHE DANANY EARO2 253, 3
Golw 2d7] & 8unAY Azl BE &4 dolw WE

3.

waste

v Z /////////

',)gxxxxxvx

30m weathered soil

Ve

barrier layer @ below deposit
:.:.’.:.: upper deposit weathered soil

B
ol

295 YRS $E-Ey o4 vUs a9 6 WY

-610-



4.2 MU}
42,1 HEHAY

A i @Alel MY Fe 24 d sjEAY DS HPANAEI 2-GEYY YR PE A
B3t E 40 JERRAT

¥ 4 ojFed didAntey FgEgs € Hy ¥y A v
2E+9 239 Az s ol vl
T 0 25 om) A e
1 187 187 e
2 350 35.4 193} 2%ke] AR
3 430 52.4 2% 59
4 52.4 768 203} 3vte] AARE
5 76.8 100.9 ] 493 B9
6 101.0 125.0 2%, 3%, 4vte] AARE
7 1560 156.1 693 FY, AlHEEE ol E
8 1912 194.8 795 SA}
2717k 1~7% YN BRANE FESUE DA 499 23X B A9 WABAN Da
dol7k ot AMwe) NE, AARE 5o AW BT §AEA Yehgdoh
" 72 AEFHE DYSA XL B Y 98 133 oA Yy dAwg Hs2 Yed
e 287 Wige) 2 wdz Moz JYPo| wel usEe WAYE Zsiete o & gt o)
H 1ToAME 185 BT HslFo] F 5emAEE Ve M nEEe WYy IA wAas ze
200m A F oz 277} @71 P EE $&Foln Ao WYL 341cmB Ve
FETHE n2ld A= @9 AHols 235 Joy WY AFge FAE g

Settlement(m)

0 40 80 120 160 200

-611-



a9 8¢ Yol FRE F 2-GBY 129 AAAUNE AS4AE TP A9 T2 e A
8 vt Ued Jolth § ¢ BE Wa Fyol fAlSY AHE 2 @UPe pols x@e §
A% 2% £95n200m AY) FE5FAY 454 AWAE B5mA 2492 neisd ge
2% 34lemut D&)A o 24cmel 2 W7 TAHAY

|
3 :
"E |
@ i
E \ <
% I H
Q ! )
m ] H I
i I |
| t i
08 L ' |—e— without leachate level Lo
| H . ! |
! —— with leachate level ; !
- 3 { ]
! ! ! i ] ] 1 ( I
*.7 ALl_llJlllllllLlLll)llllllLllellIll'LlLllllIILlAIl

0 20 40 60 80 100 120 140 160 180 200

Distance(m)

oA e AN DB WA AL A

3 e
Lltonf/melm A&%9 @31F%o] 10tonf/mZA 2 Holg Molx 27 @Roz

S0 Bt SH
%EWEH EXE d¥ 880l u8t39 287 =<l Skef/are] 5§ AR E HESGon
S8 g #4 JtsAd S HESN
zlﬂ@%iﬂ%%#% sk e Ao n e A nstEol g dA
Wdez HES A2 vy Y7t X¥da o
R 153F 9 HE8HA Skef/ard 2 FA8A FRrh A 0~50m FolA A3
HE 193 229 olAFIHFA AT dFgoz2 Asgr AEFH9E 1y A
1EEA) Ge AeE HYdE d2A Ho)E Holx gkl
de AAZEe] 2ge gloy us3e FE BAARE HES Hsld 27] o)
Az Qs BAFE A28 L HEHA Mitchell(1981)2 o3 /h=g Awre] g
e}ﬂ%%Eaééﬁwthw1%%%E%%ﬁﬁlﬂ@é%l@ﬂﬂﬂeﬁﬂﬂ%ﬂﬂ
°ﬁ%5ﬂhﬁﬂﬂ@Eﬂ*aﬂEE7HWH1%Eﬁﬁq | 2748 Hgsd
%7} Skgf/emol B2 && AAFEE 1~1.67kgf/en7l Ho o) F 7| Fslo A5
oT%§%$He e F 2499 4 ¢ EYgEF FYSHEHE AgEz Y

»
N
R
o

[e] v
ML
= nz

ot
r@

eh]

3

e
JUJ

o
rlr
4u
Hr
)
X
n
j\
D
()
3
I
o
fir

[\
)
ok
2

o 2 g o ao ox M
O
rr

~o oo oo o

O

N
e
oy o o

i

S E Lo o
oJ{N'U
oY e o

—_—

ol
1
o

=
lo
2m$20>’~

P
flo v i

XowE o 2
c:,\1 r‘r

=

oKk ox
ok
)

n&ﬂlbi
§m1m~
= K
%0

o
—

N
o
o
S,
oo

G ]

Ao nEE 24 2T vigel ARl wa £HSAE ¥ 37
W OF A% B oy 49EH Micheld ARFE FQ AT @eol T
e AeE oY 8BelM, E+AE 3 A9:

Q@ rir

-

Loox o Ao ool (T
A
i)
=
o0
rﬂ.n

R

>

-612-



Mitchelle] Q4725 FG AZs P8 23483 Ak 2, 28Fo] FSFFEANE FAsY A%
Ao e Bol ¥ol@A FE 2 HAY sHsAe]l At Ao R £¥ AE5 Y o
Aol o% nEEe) FEote AL ANSPuThE Ao O 2 IFS PE Ao Yuyy

| i | l ) |
5 ! ? i < ;
- | | i i
< | : : 5 .
£ 4 e NPT T == - - == t+ - e e
% limits of allowable . |
x i | vertical stress | :
L I R B U e
gL '
"] ! ,
- 2 - _____ S N A0 U R (DU
L : :
€ - i .
g j —-o-— without leachate level
1 =~~~ ] —— with leachate level
I~ : ) ) i
o L L L l L L L L l L L 1 H I L L 1 L l L L L L ' A 1 A1 A1

0 50 100 150 200 250 300
Distance (m)

2¥ 9. HesA ASFAd wE 183 3438

2
&
E 15 L range of allowable .
E’ stress by Mitcheli -
g - (1981) ¥
@ W
g 1 Wl
© without leachate level D
€ i ~~  with leachate level
[*]
N — >~ staged —e— stage 4
= 05 - 5 5
o — ——
I — — 6 —a— 6
- R 4 —e7
. 8 ——8
0 1 1 1 1 I 1 . L L I L 'l 1 1 L 1 1 bl 1 A ] 1. L i L 1 1 L
(1 50 100 150 200 250 300

Distance (m)

2910 &S F - Fol A% HYwE 183 AL

5.d &

Q

ONSOL& o] &3}
Al FLACE ol&
27]17F 88 o=

— U
wW
)
=
A
=8
H olo
o]
O
X
2
Ht
o 4
o
rir
BH

bt

-613-



Ax49e pstx e AL nAF AL ddtd JES Z AW, AF, F385H EF
S AR JEHUIRen ol HIIEH B9 dAFHY Ao l 7t A9 31 7] o2 Alg "
o] LAY Hu AANSHE 3 83Y Skgf/arol 2, £HEH S F B¢ EF Mitchell(1981)°]
Aorst ARREHY(FEHEY] 1/65~1/3) 1~167kgf/canol " @ 4BANAFE =23t #ILE 7
He BeEYn 7~8¢ WPAldE o]F st FILAY teAel E ReE HEIRH.

2 dre 4R A Ade F¥HAen AR qEA FAE BFYS

Hazd

| AA%, o2, BEA, FAY, A4(1999), A% weol AT Y SSSH AA WFHH 23
o Wy Sxe] BH AT, %i‘tﬂﬁ‘“’

2 GEFAMBEE(1994), W71 E UM ARAAIE 2FRIA.

3. Cundall, P.A.(1995), A Manual of Fast Lagrangian Analysis of Continua Ver 3.3, Itasca Consulting

Group Inc.
4. Mitchell, J.K.(1981), "Soil Improvement-State of the Art Report” in proceeding of the tenth

International Conference on Soil Mechanics and Foundation Engineering, Stockholm, vol. 4,

No. 12, pp. 509-558.
5. Wong, K.S. and Duncan, J.M.(1984), Manual of CONSOL, University of California, Berkely.

-614-



