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Stability Analysis of Municipal Solid Waste Landfills on Slope

Student © Yu-Yun Wang Advisor : Hsin-yu Shan Ph.D

Institute of Civil Engineering
National Chiao Tung University

ABSTRACT

Due to high population density in narrow coastal plains and the resistance of the
public arisen from the not-in-my-backyard (NIMBY) attitude, a large portion of
landfills in Taiwan are located in mountainous area. Current regulations on landfills
do not require slope stability analysis while designing these landfills. As a result, the
potential risk of slope failure of these landfills is very high. Furthermore, although the
interfacial shear strength between the waste and geosynthetics is very important to
landfill slope stability, it has seldom been-considered in the design. The objective of
this study is to perform stability-analyses onblock failures through weak interface in
the bottom lining system for typical landfills on slopes. Two-dimensional slope
stability analyses were conducted*with"SLOPE/W:2004. Geometric parameters such
as height, slope angle of the back, the slopeiangle of the waste body, the length of the
base, the width of the berm, and also the interfacial friction angle were varied to
investigate their effect on the factor of safety against slope failure. In addition, slope
analyses are also performed for earthquake conditions.

The results of 2-D stability analyses show that the factor of safety increases with
lower height of wastes, longer length of waste body, higher slope angle of the back of
the excavation, steeper face slope of waste body and higher interfacial friction angle.
On the other hand, the factor of safety is only hardly affected by the berm width.
While the length of waste body is smaller than 60m, failure is dominated by the
interface sliding. While the length of waste body is greater than 70m, failure is
governed by the rotational sliding within the waste body.

According to analysis, the standard section of MSW Landfills on Slope (J = 15°~«a
=60°~p=45°~H=10m~L =30 m* B;=3 m). When it concerned to interface slide,
we can provide the following suggestions in order to offer references of design and
analysis: (1) the interfacial friction angle (6) more than 19° at least, (2) the height of
the wastes must less than 15 m or the height of every layer not more than 8 m, (3) the
length of the base (L) should more than 40 m, (4) the width of the berm (B;) should not
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less than 3 m, (5) slope angle of the back (a) should 30° ~ 45° or 60° ~ 75° (6) the
waste should be filled to a slope angle between 30°~60°

When the effect of earthquakes is taken into account, the decrease of safety factor
ranges from 36% to 59%, which corresponds to a increase of the required minimum
interface angle against translation slope failure from 8 degrees to 12 degrees.
According to the results of this study, it can be concluded that the interfacial friction
angle between the materials of the lining system should be carefully determined and
stability analysis must be performed when designing the landfills on slopes.
Furthermore, it is suggested that the minimum friction angle of the interfaces must be
larger than 20 degrees to prevent translational slope failures.

Key Words: Landfill, Slope stability, Berm width, Parametric study.
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AR Sl i 2 0 FISM B AREE SR o



fid
%jﬁﬁﬁﬁﬁ
5 PRI
BT
////GCL(épUOnm)
EEENe
N
i [-(CCL

or GCL)
i

£ &g

B2-275 TFEFERD (Hazardous Waste)#a 2 5% IR K & LT & B

ZAFEIE KR e G oorg B by g AR AT r pa
B3+ ia0.6-1.0cmbs 0 E-k B (Hydraulic
Conductivity, K)#& |- » FE ke ¥ iZ s P42 > P9 e £ 2
A L6 (8 5k 1995) -

2.5 dvokoid g ‘,% ,% %t(Leachate Detection and Removal System,
LDRS) @ ¥ 1 4F & 47 (Geocomposite) > & 5 1 i e (Geonet) &2 3+ 1 7

# (Nonwoven Geotextile) & = o

3.2 & re-Rk & (Primary Liner) @ # 1 iF "R ¥C o



% Aok B "f % ki(Leachate Collection and Removal System,
LCRS) : 330cmB-2 3 dt 3 oo e Sfppte > H K RKEF &
lem/seci? b oo pb AW % B 145 £ (R AF o rHE B A2 LR 1»7\@?]

% (Transmissivity) %30 cm’ /sec? b » i 2ok &+ -KEE 3 ¢ 421830

cm e

SEamtatph AR TERE K FRARE T R
Bl REE T BRI 2 1R AR B iy

BRE A e o p1993E A2 PR A ATE Ko AR F kAL
% -k 14 (Permeability) & JE /| At MR IR enfe ok K 2 3 kg )
1 x 10 cm/sec® ) H ' % A (Infiltration Layer > ¢ 3% & § & 4
Sl ®)E R I F 18 in(4S em) S pEL iy BRI 6 in (15
cm)ed S EE O b K Uk BREEEE kRS B E R
(40 CFR Part 258 Subpart F) o

%jﬁﬁzﬁﬁé’Rﬁiﬁ&$%ﬁﬁﬂ%’§§ﬁﬁﬁéﬁ
BT o R R 31 x 107 cm/sec; 2 3 E 4 AF & R K chds -k
FoRE AL QGRS RS R P A - &R AR
~ I e ok BPAY R - RersEl o R A F T
WA E T T AR B osnahEk ¥ R E & 5Lk 3 (United States

H 1

Environmental Protection Agency, 1993a)- H i % F - L& 3+ & F2_ 1t

Ao 2-1975% o
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Z NP AR BEREK J'Ea_%"

PAeh- SEAFHFEEHL T- S a B hns, 7 &
BADFBEF P A % 23RS FLAH B2 e
R frA R - KAERPHFEIPRESE S B R (D
ARIRE L E 0 2004) 0 p AR EE L L T- LRGP osN
AR N ERAP OBB LB GRS ORE L T D D
%4 g 0 B AeS2E (1977)5 > & & 164 (2004)i3 &

PR T o B PR BTG PRk o AR iR (dodk
RS M) TR FRE LD kA o ARER R T G ek

1. 3L3 4+ 8 1 0k -k (B2-3(a) b 25 B S0 ecm b~ KR X
10° m/secr? T 5 B 1 b ARBEE B 1S5 mm/ b FHERE + %2 S50cm

IV

2 KRGS F 1k (F2-3(b)) kRS RS cmi b s
ok R1x 107 m/secrt ™ 5 3 1 kKRR LS mmit o Rk
+ % 250cm

3. FER I kA BEESA (B12-3(0) P 1 kB RLS

mm oy A+ R 2 S50emi

PARFEY o3 1k R(Ek Y — b )T ¢ * 2LDPE \MDPE -
HDPE ~PP% & &R & 4 L o = B eriipr b Siipid B om *T §12-4¢ o
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sembi ko~
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R R i gee BT

T
— Mk

: i
Hx“mh & E fffff

(b) KRGS +3 1 ok

[5173) 7" Aot T2Eky — FTHALLEESE (Z 2B kY1)
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s0cmir b g
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ffff“
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EE

HRE 758 (fRe8~ w b B0

X
— MRk

yas

(c) B&+ 1ak ki
F2-3 P & — BB EET G k(P ARITRE A Y > 2004)

12



| 1. e Tl (SkeTas) O |

2 #k—F M |

3. AT M |

4. BRBEEVAFL (BT |

5. @Ky —F = |

(6. azEme—F M|

TR |

. BRREKE o |

Bl 2-4 p A& BIHF7 & .?ftﬁ}?_i%( PARIERES G 2004)

N ARBEFRE K m\*FL«L
l

Y S ”]{’?‘waﬁ’T..J (Iﬁﬁ-%z 2002)

1% .‘x'

(ki F > 2002) 5 45 o 28 mﬁtﬁ« ﬂ*‘f‘v oo B L ER
-‘. i

T AT AT

rf%’éi Z % B ik Bt 1107 cm/sec 0 X AR F A H
FACREARFE BRSO A 2 ZE3 8 AW Egpfe e
kb 1 e S ek AR A ok %t 1x107° cm/sec
THBRAFSEFAREFAEE S EROLS a4 b2 4
KRR A#H e

3 i

S

- RPN FELEIRE R (F2 ¥ 0 1985)

PR T AR LR AERE RS (19857 TEe £k
Wit o B BIERRER Y St Bk ¥ R KRG
FIv 2 RB 252 BR(F k) L RBER B A SRR
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R RE RAPR A SR HAL RS 2 BV Y RBELE A
ASHPERE FRRARSEEZ B e AR o
FE-R 2R E K A A 17 4 3 1x10° em/sec e

—L
=2

]
&
&
-~

BORIRIEKIROE R 5 R AR 2B kT A Tk AR
’%%Si;i%ﬁg’nf‘??%?‘ Iﬂﬁi%;‘%v};@i?},’ BTk 2 z
I AL B ST |

%o TR/ AFE P B 2B KT R AT AT PR E AR

H

fw [tz

1<

\\

J
%
|l
W

Y R SIEF LN

N

oo ¥ B RSB IRE K Rliche* 30 1x107 cm/sec 0 TR B R IR R
R o MF2Z B RF 5% ¥ P UFR0S~1BIF2Z 4HF (2
j566-116 mm) » M35 FER1.5~28 KEg F %

BRI KR e % 2 SR 2 K )T S0 B R
Y2 42 A5~ 3 FT s e T ORGRERT T E 5 8 ) e R RE oS T E
FECEFPFAEKHA AL SRR TR SRk H

3F

1x10° cm/secta T o

N
A
AN

i
F_&

#

R R N L iy ' R R AN RN R
SR EF B a AT R R A A
TR JCE SR E W

TEREE RN TS RN 1) S RUETE

(@) 1 TR EH > L FRE RN Gk LT AR R 2 R
Wk BRPERGERCES B E R R A B0

(b) ZipdEs ToR2 P BARY S REBEPFRATEKEZ TREEE
<ﬁ%%““ki§ﬁw%ﬁ&io
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(©) 4P iF'F T i LA SRR 2 4 o & & BT 5 1A
FWLRT T

(d) * 1 PRG-I T f/ﬁlf/iﬁ DAe R iE &Y 2

&/I/J‘ I:T“*:Z 1413{1&"?&"_&.1 it o

(f) ¥ A k%%
GHEBHR RIOE KRG AR AL

(a) #ok 5T o AT RILRR G A E kR L2 FIE Ek

(b) 3 F i kp g Aok 2% B4 R30~50 24
Bos 2 /m30~100 2 B2 BRI H R o

(c) 7 3¢ 2 it HasF il mfsecit) o H

He

F 2] B 60
DAL o L E 2B R G 2058008 A e

(d) @iz g w4 BRpF R E K2 Upokk o

3.TFERR PR AR 2 2 KSR (RS 0 2003)

EEEEIF R ARG OPHEEL TTEEI TS
(%-ul/*;f@,@?‘—’,;ﬁ K HEE | (RiEF -2003) HP % - LT EREE
B P B B R A G BN
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d) #EH 8

\

MIEL RS o RSS2 AR 2 ¥ RGOSk gt
107 cm/sec> ¥ B EAF N H 2R L m% B BER60cmid b 2R H
AR AR AH U AR R MR AR & R BT X107
cm/sec ' T BEHF AL B AR EAEE > H-ER02 cmi 2 4
£ F kMG AH

%’@ugﬁE%ﬁ@ﬁﬁ%S@mﬁUjiﬁﬁiéﬁﬂﬁéki
HPA 2R G F ATES0 m R s 12 AT B250 m
F ool B ARRA R A G 28 G H hbUR 5 & 45 kg/om”
EEB10 cmit b2 iR N H @BREE M P L 4 2 HEEA o
B o el ib oK Gl i Ix107 lom/sesy & 2 A d d N H % ik B Ap
P BR60 cmy b R TR EFARY A H B ey 2 ARG A
o % 1R B 1x107 cm/sec 0 a2 Bx 3 e A H

Mo BB R02cm 20 A g H B KA G ARAT o

(@) wEIKEZ2 ¥ FIREH LG K i3 1107 cm/sec ~ B & 90
cmz Ak2 0 R E 25 R0.076 cmit b B A 3 A F kA o

(b) ¥ & JF %%kl 2t Ix107 cm/sec ~ & B30 cmrd F 2 wF) s
Bt Hu pEHREIREZNRMRIZTERYS > L Bk

% #1107 em/sec ~ B A 30 cmk 2 K o

(c) + RIERME K~ ++1x107 cmy/sec ~ & B 30 el b 2 fmF)
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BHrAHE R EHE SR ES DR BER Y L B E B30 cm

212 s BERAFHAI MR
PAE R DETIEEAS R GFEL 0 478 £0.863 2 7iE

ﬁﬁgji% £1.143 27

-

87 F B4 T 104 &£(1 210 * T
¥9)0.677 27 o BRAEILS N brd N5 #g TG S35 3
94 #1 210 7 # (AT b BOFE £ a0t F 5 78.15%; 45 32 AL &
21.75% « > R B L L A2 5 d 78 #£60.17% » # 85 3194 &(1 310
1T 39)99.47% o R A TR T F299% 0 A ¢ ffé%ﬁf??i@'}" Yo &
522.64% ~ Brapw o 1 F 25199% ~ B X B v o i
0.38%¢°F M & B A 4 £ 5B 1 977 o (7 Fe ek % 02000)
S RERBRAEILATS EMG A S AR AE > %074 £
01 # ¢ & Frfria 77 26 & F;rs-r% FREIES X% 5212 & T B A
TWrd | faEbp J’J:)ﬂ—%s“:;'i*éﬁ&%ﬁi FBES584 o PP R
HiE 2050 BT ES2] BB L L AIL S N2 34.89%(F
FoluT %% > 2003) 0 2192 T O5& AL M (L @ gc A
B AR T RRAE HFFN KRR IR TR
BB~ S PR AR FZ A VAT EHEE FFF 092 &7
LR AR T OB R BRATE R 2 E v SR R R
B E L P92 F295 E R HRANTIT) Radnd & eI
?EJ\rﬁﬁﬁﬂ%ﬁﬁﬁ%ai%@if*féjarr&%m
HBigkdok (k) R dP AU @t d | 25 d e e 3
WE3M AREE- BEPPFFLHFES > HherAHE 7y E 9800
Fx 3 (g FRphiz 2 2 AT BREEERILY200 § = 2

17



F) 117 RS BBHFRA T H RS B LR L 2 AT 3
THRER FEAS0 SFHRTEJ I B3
TR T EkESE3,500 HE/p % 538 PR

>
-
7=
o
>
7=
>al
g
p—a
B
'S
&

10 1FEB A S B (Ow/E) (F kg » 2006)

FERA2E(DW /) E) FERFACE AT 2 I F (%) [ mREEHE
FEGFEE

B a g - |

& PE TR 2 B > 3 PR P F =
= o 4 |E | pr
£ . . o
- B et L E |50 |0 <9
et R TSIET S ERAES w | i | A

L | ERT R LA | TR o
LR et LS U I i Il Rl R MO S E N L S

SN RN A DA o L1 O I

¥ g = F oy #

78 |6,258,6556,258,655 1.36 | 88.98 0.863] 0.863 | 60.17
79 |6,844,846| 6,844,846 1.14 | 88.04 0.963| 0.963 | 60.93
80 |7,239,045(7,239,045 0.40 | 93.01 1.000 [ 1.000 | 60.20
81 |8,001,236(8,001,236 3.19 | 90.44 1.087| 1.087| 66.87
82 [8,217,318[8,217,318 3.03 [91.76 1.101 | 1.101 | 64.98
83 |8,492,821|8,492,821 4865{ 89.88 1121 1.121] 70.51
84 |8,707,696(8,707,696 14194°{179.24 1.138 1.138 | 65.12
85 |8,736,420(8,736,420 15:62] 79:15 1135 1.135| 70.87
86 |8,880,7758,880,775 19.05 | 75.06 1.143| 1.143] 76.97
87 |9,434,697(8,880,487| 554,210 | 554210 19.61(7530'| 5.87 | 5.87 1206 1.135| 83.67
88 |9,190,862(8,565,699| 625,163 | 625,163 7359 | 72.66 | 6.80 | 6.80 1161 1.082| 87.39
89 |8,729,501(7.875,511| 853,990 | 853,990 41.01[5738] 9.78 | 9.78 1.092 [ 0.982 [ 90.60
90 |8,334,407[7,277,054) 1,057,353] 1,057,353 5135 47.44 (12.69 | 12.69 1.031[0.900 | 93.70
91 |7,984,837[6,743,000[ 1,241,837] 1,241,837 64.01[35.00 | 15.55[ 15.55 0.982] 0.829] 96.33
92 |7,708,0196,160,260 1,547,759] 1,379,158 168,601 69.90 [ 29.73 [ 20.08 17.89[ 2.19 0.941] 0.752{ 98.17
93 |7,714,9585,862,890| 1,852,068| 1,552,804 299,264 73.47| 26.23 [ 24.01] 20.13 [ 3.88 0.943| 0.708 | 98.95
(1?;‘0) 6,580,689|4,672,074| 1,908,615 | 1,489,876 | 393,907 |24,832( 78.15 | 21.75 |29.00 [ 22.64| 5.99 [ 0.38] 0.953 | 0.677| 99.47

FO6 & refs o iRk wob o AR LRI T
FIAEFTRD EFTLEEBILS 2R ¥ F R FURd 383 Rk
HAEIL S A TREFTRY LI LR VRARFE  TAY
fos Ao #pe? BAJEZE B 8kl | PRASIH G v B FE
FH (ArBl2-5) TEEES " A A B R RERE
FhRwfe s % B4 2358 TR swipkilr o d i
2o FAR L TERFED ) P IR(FRRERE 0 2004) -

3
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B 2-5 2R TR 228 F AR F 87 H(7 Fak i F 0 20006)

Y RN HEE R TS5 R Ttk

A3 {4 &K

B 5 2007) L@ LB EFEEG53 F o LEE R LE RSy

B TRl AL TS B (H 0 1999)

1.3 l‘lj;}é}i’j‘iiﬁ‘? AR g l;’i’ L '9 ’

1EET R

CELEIRE R R o

4 u@?
T¥ o
SER AP ZAIFRBIREEIR I RL P T GaRELT K

o

I h— JaN A b
Y LRt S

213 I NFH R
st ie 2 B (2002) &4 B R 49 3T L 2 BURIESS 2 &
53 %ﬁﬁﬁ?zp\‘éﬂv\éf R

V"

L3R 4 382 B
Bm F 2 HAZ BRAF PN ARTFIZLEAF T 2R
PEATA BRSO NBFANERAFEL
e~ (B3 BRI '
2 AE T ATE O B AR B AE T4 47 2 % > 4oBishop ~ Janbu...

BB 2 R oo e p

£ I AAR T
2388 2 A AL 32 FERE U
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Bgd P B ERY T B RE AR 2 o RRE o - &
N SR F ] G - - A S U S N7 L A A A G R AU~ R A+ &= 3
A ARFIAF T IETSARRT AT B FRA
f%zagﬁjﬁii&@ﬁkﬁ%%ﬂ@oiﬁm%%iﬁfiﬁ
hgcss d k2 £ H E grsiakd koo H UK
P HASFABRE T REF AT L BRIV
B (31 &) 2.5k 4 5 & Arde 2 dadd o
3AE K B 5 2 i BB

ABBSG F A OB AL KA ) ARG TR
B2 A RARD R R EEAMI e A2 R V2
eRECE - at B8 AR J NI I D AL LARRU Y s &
LT 1TV BT R AT o
470E R 2P0 S 75 B

Ry Y EY P FPpa e B Bk R G 2 B A 2

TEIIP S o ATERE AT 2 AT i 2 mik 2 T
4 Nk pF %ﬁ‘i%ﬁ%@,?ﬁﬁ:’iz‘%ﬂi&@ R EEE A e T
Bo A BRI FAAMAR 2 Gy T Ak RAET A E L
172 2 ¥ 3 % Koerner (1994 ) B8 T s 47/ » 27 4 17823805 o

SR E k2 B

PR G RS T e T R AR R LTS R

o ERBITHREAEZ RERABAR ARG B2 TS BR
R RIVARBA kS A e TR 2 Bk o B RUR 2 2 AT
¥ 4 * Koerner (1994) H.88-T §ri 472 » &7 A 1 83F % o

A B - SRR o g AR (R IRE 0 2002) %= 4
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BRI FEFE R RRELAT LA 2E
FrRpabd ~28 32 BRI ke 2 1l & B kR
REFEH XA URY CBFE TRGHRIFAZ- LA
BER S 30%M T o S S AL e AR A FR AR PR
JedZ S E R e R (TR IRF 0 2002) R FHEEH LR E g
RELRT Lom 2B~ ALY ~ 2 2 R E A kAR 2
PAMREE FEAAMHE S REHEF LA URR CRFE TR
BEE G 1% o Ae R L 30%1 T 0 ISR o
FHEEE 2003 2L 7 H =720 BRTE RS (e
sk % 0 2003) snip S B o TR Ly IR RS
R o A ¥iE- R BRI R L MY R
Ek
158 E5 T R B350 8¢ AR vHERS - FHa
%%E@%’ﬁﬂﬁm%ﬁﬁi?o
2FERF R BERN T AL BHV o AkF F ST R
{BF > RERR -
3BT GARN L S AT AL 0 F RS G4BT 2 R
BB PIF R RE -
AFWEFRFH 4 8~10 2 o P4k Bt 5 408 Fend

4

SREH - koo PRGN RIEF ROKERE -
F- g BN S RN AR T S Y Tk B
W R BR LR (¥R > 1997):
1L ¥ AP 1 4H 1V (=14.0°F] 3H : [V(=18.4°)
2.8 5 40%FREriF R N A A 4 1 TH ¢ IV(=8.1°)F] 6H : 1V (=9.5°)
3.4 ﬁ%ﬁﬁﬁ» : 7TH : 1V (=8.1°)F] 6H : 1V(=9.5°)
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A7) FRH F o8 A 1 4H 1 1V (R14.0°) 3] 3H @ IV (=18.4°)

B “F & + Koerner and Soong(2000)3% i % &) 4 47 > LB £ A
BRI RG] Fi B AR - 2 72-D2 3-DF R T A4
2-D~ 45 > & * GEOSLOPE#% ;" I # * Simplified Bishop - Simplified
Janbuit (7 42 ; 3-DA 47 » i@ * CLARAAZ;S » #£% p e 7 52 &
170 PR R2-D2 3-D2 % > Gfice A ARARL TRHESEF Y TR
FH b A o B Ak B3 (WF=FS, /FS )4+ 1.15~1.43
22 P Ak FIF A L10~1332 B o A 458 % BT YT L
WHGIFEWT > FEPIEN R R M o R FEF T A F 3
FHERELA(BARARERE) -+ R B BB 8T4

A5

/4

o

R £ Rk % s 8K - & R(USEPA,1994) 0 "m0
AR 25 EMES k24 FALGRA N BORET R B
B FSHIV(EI1.3%) 4 f sz REFARA L B * 2% LI RE
Poend B2 B Ais R Sk T R B2 Bl
ThfEz R A H AR RPN R EEE Y RE AP T AR R
K HREE D E AR & R G PR BV ERE 3 &4
BB 7 BB T S S R B R R
FEf o R AR T AT 2 AR AL o 2 RS D GED L F A3
1.0 - (1235 RCRA Subtitle Dk * USGS 2120 % 3 45 +¢ & & F190% 1
F250 # £ RA B oo Ap g 32400 €M e E oo ) FE > G¥c)
1.0 Bl FERY { B s S 2R BRSO o
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£2-2% W55 W0 B EE % b ez 4§ (USEPA - 1994)

% > thik
25 IEABRIFRE | TEAEIFRR
o Sl W ST LR K
B bR T AT >1.25 >1.5
HLSHR R AL B >1.2 >1.3
MIL S FAL TR D >1.5 >2.0 & { ®
MILEHER AL A BE >1.3 >1.7 8 %

Orr and Finch (1990). % % B4 W+ B AR F 30 FTEF 2
5(0.1g~0.45g)2 Hiw » F I ESE L G 1E 4 A D o A mh o
—RYETEAIFFEF LRGN R R A BRI EFY R A
POEIER T 5 B A4F2 AR o

Anderson et al. (1992)3& {3 st P 45 1252 e it B % B or 46
BE-TEIN2 Aeig B E G AN G L Aeak R 2 50% 0 P A E G
VIF2_ R B B2
Singh and Murphy (1990)12 SHAKE #% ;% i& {7 # i & 47 » 7+ {7
10 fe enigsm o
Kavazanjian (1999)#5 VERE R R P AR T 2 Bkt - AR

FRFNKAE S FI(rE 2-3) B A A BRI B B
Bk K7 - FEE 2 F R A $7(One-dimensional Equivalent-linear

Response Analyses) ~ 7% 45 & 3 5 "5 PR 4c & & (Yield Accelerations
Calculated with Residual Shear Strengths)%2 Newmark 3 & =45 ~ 15
(Newmark-type Seismic Displacement) % o % 2-4 B| &_Operating

Industries,Inc. Landfill » $F>* 334 538 31 973k 4 engs B i B R
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VA R U EEH AP AR P AT 0 2§ AR 65
B2 1 & i o p o (Kavazanjian et al. > 1998) -
4 = - 3 5 & Bt aE (Kavazanjian »
% 2-3MSW #5383 — & 3 3791 B ¥ Bmlag (K jian » 1999
Allowable Calculated
Component . Comment
Displacement
Liner System 150 to 300 mm Actual expected deformation is very small.

conditions.

Cover System 300 mmto 1 m Damage is repairable.
Waste Mass Im For displacement not impacting cover or liner.
Roadways,Embankments Im Convenional geotechnical criteria.
Surface Water Controls Im Convenional geotechnical criteria.
. - Breakage common under normal operatin
Gas Collection System No Limit & P &

#.2-4 Ol Landfill¥ &1+ 4

# p](Kavazanjian et al. » 1998)

Cover System
Component

Design Criteria and
Performance Standard

Interim.Remediation to
Restore-‘Compliance

Repair to Pre-Earthquake
Condition

Final Cover

Soil Monocover on Side
Slopes

150mm of soil
deformation. Partial
failure contaioned on
site.

3 months torstrip
vegetation, re-grade and
re-compact areas of
cracking.

12 months to restore
vegetation.

Landfill Gas Control
Collection wells

Headers

Vacuum Pumps

Up to 25 percent of
wellheads broken.

Up to 25 percent of
header pipes cracked or
broken.

Power loss. No structural
damage.

1 month to route headers
around broken wellheads.

1 month to by pass broken
hearder pipes.

None required.

12 months to repair/replace
broken wells heads.

3 months to repair/replace
broken heads.

1 month to restore off-site
power.

Leachate Transmisson
Pipes

Acceptable breakage of
pipes with double
containment.

1 month to by pass broken
pipes.

3 months to repair broken
pipes.

Surface Water
Management

Conveyance Systrms
(Bench Channels,Down
Drains,Culverts)
Sedimentation Basin

Cracking and up to 300
mm of displacement.

Minor cracking of
concrete

2 months to completely
restore surface pathways.

2 weeks to 1 month to
patch the cracks.

9 months to replace/rebuild
surface pathways.

9 months to rebuild the basin
(if needed).

Access Roads

300 mm displacement
(cracking).

2 months to patch the
cracks.

12 months for full repair
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2.1.4 #5 @ F-p 3 % B
Koerner and Soong (20000) > 4z & 1980#% % 2000& & » & f & 3=

L& A E B g Gl de(£2-1) B P RSB RING &K R
Kok deend bl & fb— 2 o R Faf g S ehe 2 §60,000m’~
1,200,000 m® » & & A % & fEL )RR RS TR 2 TG
PEn € 5 A & A E AR 0 £2-69 0 BURSEAI T G R A
KEBMAR s3> R 2IVE I FREE A e 2 ek
He o B EAER FEB2DA 73] 6 4oBI2-697F 0 F oK BARRK
s WHEIDA 73] % 4o BI2-7r 7 0 BV L1 6| ® L E W4V E Len

# >

%

L
ki

B R 355 2 3-p3% % ) > Kettleman Hills Landfill (Byrne et al.1992) -

% 2- 5% ¥ 3B 8k & 5(Koerner and Soong > 2000)

Case History Year Location Type Quantity Involved
Unlined
U-1 1984 | N.America | Single rotational 110,000 m’
U-2 1989 | N.America | Multiple rotational 500,000 m’
U-3 1993 | Europe Translational 470,000 m’
U-4 1996 | N.America | Translational 1,100,000 m’
U-5 1997 | N.America | Single rotational 100,000 m’
Lined
L-1 1988 | N America | Translational 490,000 m®
L-2 1994 | Burope Translational 60,000 m’
L-3 1997 | N.America | Translational 100,000 m’
L-4 1997 | Africa Translational 300,000 m®
L-5 1997 | S America | Translational 1,200,000 m*
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22 FMERRF 2 » 1 3R %K

221 A+ 287 EETFF
BRI FEARIF AT TER2LT

R SH(E =L () JRA (o) BEi(P) NEFIHEZ R

SR RFFEALE G R FAELY  RUBARIES E FE

A T EZ A SR FET AR IEEEERA A LR 2 A

FE T T F 4o

FLIWMERAY bRl E S (R LTS VEF
A2A SWEFRLME FREREFIAL AR BEAE &
FREAEY R AT 2 - F g BB R B o
24 FRIEBERY €ERFT 2R > BRAPF T4 R E
Bl ERERPFBZEAR A P FEE AL EREER
3-BERFFES LA A BRTE A2 75 < AMEAR
P - REBERT (BRIREEI]) T RERE S O Maiz
R A EERE 2 )%xj;p#ﬁy}?ﬁ
deFRIEFHRAFRE 5 H TR -

5. f%yﬁrﬂn\@p?‘ BH-(he A RE RS Bt S HEg) 7 @R
PR AN BT TRl - A HERERAS A T
e fEty AR 2Z 2R HE

6.3 F2BAY 3 i L B2 > REEAFEE
(y)... % 2 EBLF o

T- BFERFLEEEHFRTBE > ¥ gHFPERRS EE 22
B G o2 fEAR T ﬁaﬂém ¥ oom AT E R R
BT 2 EHBETR > ARETAWE DAL R 2T K

Bosenpr g

u
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BiT&E AT MW AZ EHT B B2 Bl p A
HoRERA LR TR QUSRI RS A ER 2 B

A4 Sl B E R RE

222 AR E =L

BRALECEXBAF{ AL PR e R fFEs s
FREN SV EL RS REFRBAER RGN TERF R E
BEAAAPG AR o P d PR FE F 2 52 RE o
BAPCHBRICE L RREERE D Y 24~9 KN/m’ (0.4~0.9
UmHEF > B & RRA 2 AR AR BB E o F T 3
#£9 ~10 kN/m’ (1.0~1.1 t/m’) -

@wm@mﬂ&ﬂ%ﬂﬁﬁﬂﬁ%éﬁjﬁ%y@%%%ﬁug
B23z H € ZRd (AR B A Enia 2z Hxd i
6.5 KN/m’ £ "¢ ¥ % B 3 4o RAUMR4: > 230 2 FREE - E
S1LSKN/M® > v A Wk d SEEAES 50 &8 1T g5 2 E12.5
KN/m’ » § Lz f5ad T8 =€ 9 5kN/m’ » F RSB R TR
FALE W Mpe s Lo B4 3 s o Dixon and Jones (2005)4 % £
B2k BN R B RE R FE o de A 2647

FIP 2 g 50 BFIZaed 2.7 9m o 5 A R 41985 A 5
BEREAFTHE gL 260kN/M > SHEBEBRE > 595 56
KN/m® » ¥ ¢b » 884 B (2004) » 4441 5 A BA A 2 TR S 5B 7 B
EALE% @R E T L 6.9-08kN/mM’ ;5 7 & F (20074 B -

PR EREAL FHEEEA YL 5.0 6.4KN/mM’ -
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25{;
é i
by T
= 50
(e
=
Q —
75
100-
0

—— This Study
--- Earth Technology (1988)
— — Extreme Values (Fassett et al.,

l
1994) | !

I

I

IZIT Range of Typical Average Values 11 !
CmaxsCtypsCrin: Derived from Fassett et al. (1994) i
Cmin
e R A 10 G S S W e 0 e AN e e G0 IS R e S i R
3 6 9 12 15

UNIT WEIGHT (kN/m3)

B 2- 8 FR A 5 4 F (0 % A& & (Kavazanjian et al. » 1995)

322-6F AR HE =& L Rk = },?t_(Dixona, N.and Jones, D.R. V. >

2005)

Bl R

H =& (KN/m’)

s

@

® % 0] g 4 AL
R 298 g2l Fﬂ'}imﬁ 435 éﬁg/, 2m Watts and Charles (1990)
8.04 % 21 e BE o 4R 0.6m
w4 pF 15.00~10.01 %% R AR Manassero et al. (1996)
AR (697 Bk RTHE - BB P Gourc ea al. (2001)
~ 2rd5 1 ch— AL P ..
i 20867 ﬁﬁﬁ LAk & K Kavazanjian(2001)
14.03~2001 |3 R %3
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2 2-7TAMHAYE L2 Fp oY

>k KR H =& (kNm’) |§ i
;¥ 12 #(2007) 6.4 ¥ 4 BH(ORF P 1R)
7% 1% %.(2007) 5.0 BT 5 OLEB-)
4  (2004) 6.9~9.8 N2 TR S g
#8477 (2004) 9.8 N2z ARBIRE
# 4 B (2004) 4.9~6.9 & # 45 42 3-(4 m~5 m)
7% 7 (1990) 6.3 /Fg WK E
A 7 (1990) 8.1 zm@wﬁ B E
B4 B (2004) 8.3 L AR
o % a1 #7(1985) |2.6 orHBEAF(FEF)
5.8 T RBERIFEHLEF )

223 AMBRAF T4 B R 2k

BPFRp2 T4 58 Sl RN EB RN L Rk g 2
RERE SRS T S ¢ () RETE NN
Sk~ = phip ~ F B A {7 (backanalysis) & 2 2 4 fp o £2-85 B b - o
FHM 2 FF2 G4 R

FRELERNEASF MRS c BR0~67kPa 2 0 BE ()
.10 ~ 53°z_ [ (Knochenmus et al.,1998; Kavazanjian et al., 2000) °

Vam Impe (1998)57 & 7 24 4] * B3 48 2w 5?%4,\1;@;::: TN g
M RHABRAP TS 5 RAT 8 FEETEREE 1 (1)0<6<20
kPa, ¢ =20 kPa, ¢=0° ; (2) 20 <6 <60 kPa, c = 0kPa, ¢=38°; (3) 20 <
0 <60 kPa, c > 20 kPa, ¢=30° - iz i # g ¥ Kavazanjian et al. (2000)*7
Hdz BEApiT o

Ryp5e 4F (1998) B s A fiedp s 4p 01 > BP0 45 BT 1
BRT »B% 2 AP ERRPRRE BRI F2 B
F(PDEREA (O REF WG B AL GAI2602F > &R
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4 % %045~0.02kg/em® B - ¥ — % & > Howland and Landva (1992)
AT Y R 10~ 15F h R b0 Bk (9) 33°0 p F 4 17kPa- Gabr
and Valero (1995) 10 ~ 15 e 3 7 » B# & () 20°~39°> p B 4 0~28
kPa o

Landva and Clark (1990) % 4- %+ 8% 7 I 452232 F A& H 4~ &
FE TRk (B ) 5434cm x 28.7cm) > FIREF A 413003
23kPa FF ~ B d (Q)R] A 324° T 41°FF » S R P led LA PR
= o Landva and Clark (1990) { i&- # 35 1} » [ R A - S -3
oA Feom o H - MM 2 BT A TEAERR o

Kavazanjian et al. (1995) i 3 T 4 §* £ REEE B o F Bk IR

p

AV RHORL. TRIZBAEFREF E LS 2 RE
BEATZTRE NVEFRE AR EFARNERASFZ RS E FL P
e # 1%230.0 kPap » B~jg Bt 24.0kPa~ B & (P 0B 5 % 1 o & 4
% »+30.0 kPap# B B~ % &4 0.0'kPar/24x & (4) 33°

Eid etal. (2000)P] 5% & ~ Al 3@ S % 2 @ 3 2 2 P

B B oS SR FMAR L B AR ST RS 250

kPa ~ B & (£)35°

P (2002) 5 FERIP 82 ek o Fe B RS BGRRC AR HM TR
Fc(kPa)=-2.35¢(°) +81£17 % ¢t » @R A B (2004) > 44 S AR~ 2T
B3 EBEEE AR BT R% ¥ c=1.05t/m’> $=38.9°;
TIERQOONEHATHRP T P add B FRSS A T E%
u) K18 c=33.55kPa > $=32.07° > ¢ =34.9kPa > ¢=37.9°-
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#. 2-8 B3 $# ¥ 4 3 A& (Sake,S.M. and Manasseh, C. G. )

SHEAR SHEAR
METHOD| REFERENCE STRENGTH _ |[METHOD REFERENCE STRENGTH
c(kPa)| ¢ (°) c(kPa) | ¢(°)
Landva & 19 42 Pagotto & Rimoldi'87] 29 22
Clark's6 16 38 /8 !
10 33.6 80 8.5
Landva & 16 33 60 5
Clark'00 19 39 60 15
ar 22 24 57 3
35 0 40 13
70 20 . ’ 0 35
Murphy'90 [0 38 Back 35 14
0 ) analysis B 20
15 31 18 20
Siegel et al. '90 0 39 27 195
0 53 24 20.5
Golder Assoc. 0 41 2 20.5
) 5 40 Martin & Genthe'93 0 35
];;lre“ 40 39 Cowland'93 10 25
car 5 20 . 10 15
(LAB) | Del Greco & 24 22 Jessberger et al. 94 10 17
Oggeri'93 24 22 15 35
10 25 Singh & Murphy'90 | 23.5 20
70 20 0 35
23.5 22 6 23
Jessberger et 7 42 Kolsh et al'93 8 30
al. '94 28 26.5 11 32
Gabr & 27.5 20 . 10 23
Valero'95 0 39 Fasset ea al'93 10 32
Jones et al.'97 10.5 31 Mise. 7 38
50 35 Jessberger et al.'94 0 30
Pelkey '
clkey 97 0 26 0 40
Kavazle'lgjg 1an et 43 31 15 15
Maziucato et Kolsh'93
A1'99 24 18 18 22
Singh & 80 1 Jones et al.'97 5 25
Murphy'90 100 1 Eid et al.2000 0-50 35
Richardson & 10 18 Gabr & Valero'95 100 0
Field Reynolds'91 Traiaxial
testing 10 43 |tests(LAB)| (Cus $u) 40 0
Whitiam et -
al'95 10 30 (c',¢") 16.8 34
Thomas et
al.2003 22 182
ek BB AD 2 A ERM G PRE - BIEHLET R o

A 42 2 REER AT 0 bbb b R ALEI0% 0 B
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FH AT oEE P48 E 2 P % (Singh and Murphy > 1990 ; Machado
etal. » 2002) » FIE AN 2 BB B P AR B Y- A2 EE R
PR AHAIBEDCERER > AHEDF D FE AR
BRoERAMERNT RS ANMAIFEZIEERBRL g%ﬁi p
MY L5 SB[ uEFH 2 B EFE T2 A#H IV e E T
HARR o TI FHEERERA HT FAL B2
PERAFPFFE SEBRREVTLERT BTl % o

\-‘-)\

224¥ 1 &3 H A ¥4 RA 2K

FAWHFEFY RSEAERAFEE TR ok ok T
BB eI FRRAEH G KEE FRA T E AN AL
AT RE A AFESE S T ERA > 2 N &RV P4
o v PFERIPFORa B A0 RO L RS TR
ki HR o Flet e 1 b ok R G S BE BN Mg ¥
o AR enE B R R 2 i(Smooth HDPE) & 7 %K & -

A E BRI T R FEEFE IEF LG gL S
Alea L EHRA > HE T A G 2 1% F (Smooth geomenbrane)
Ho A8 AR s 28 @ B g (Textured)y 1 %% H 2 A8 i
Bz i v iE 7)25° 0

Mitchell et al. (1990)2.#7 F 4p 41 /1 & # GARBHEE X T A &
EEA G TR A G R i}%ﬁ}i%%ﬁ’ @ Kavazanjian et al. (1991)¥ Yegian
and Lahlaf (1992)F]* B & S Z2 3. 7 10 H 82 1 3E 5 H &
e EFRREERELR FRELE
T AT c BTSN MBA P 2§43 By 1 (o B

EXAT FRPRERAE NG RERP TR BELL T T

P, TF «f}lj’# %5‘@;5@@_35‘-

e
hud

)
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6°230° FArt S ARG BRI F HEESA o TS
AR WA K H T4 5 R 4 >44~83 kPa (Augello et al. 1995) -

1395 Ellithy and Gabr (2000)s0#7 3 » T i 2 8+ 1 3 # 22 4R 3 F
T A RRE 0 RSP c,=6~11kPa> ¢§,=22°82°; A4 &
FF o c,=3~15kPa ¢,=4.8°~19%c ek m 2 3o 1 W &b 4 [ e i
T4%RE A EPF o c,=6~10kPa> ¢§,=32°~14.5°; A& &L PF > c,=
17~27 kPa » ¢,=5.7°~24.5° -

%Q%Martin etal. (1984)s%7 7 > HDPE 3 1 %# &2 p) 2 F chBgx
£ 918°> PVC ¥ 1% B2 )2 B cnBgxd X23° - HDPE % 1 %%
By 1 g2 B enEE L 6°~11° PVC & 1% # B3 1 Sdr 2 |
R E 11°0~24°c B s P T ip ot 0 Fifek e B 1T R
i 5 A17°~25°2 [/ (Keerner,1994; Orman, 1994; Stamatopoulos

and Kotzias, 1996;Day, 1998 Liu et al.; 1998; Stamatopoulos,
1998;Luellen et al., 1999) < & # foied + 1A F cha i B b B] &
19°-27°2_ FF > # AR B 4 417%-24° 2. (Luellen et al., 1999) »

T BN FH R RT (2004) 0 IR X gk % (195
ASTMDS5321)» REL LB LF G g RARE 2 1t 7
G B 4 ag B he £ 2-997 5 o

Mithell and Mithell (1992):& 7 2 &/ & 2 8 & 4 #% % 3.4
Wk OREREERET e 2 0B BEERL- B RAEERL Y 120
PIRET 4 R BRE-LTL 34% mF 2wl 2 KR
PRADE > Fo 2 BRERC RGN B ERARTAITE R
PoRm T RRTEARARE
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#2- 9% 1 9% % (Smooth HDPE)2 % & 3 A % # @ (¥l 73 > 2004)

4

Shear Rate

Geosynthetics| Soil | Test Condition | o,(kPa) (tnm/min)

¢, (kPa) | ¢,(°) Reference

SmHDPE | sand hydrated [ 20-60 |0.0025-0.25[ 26-28 | 0 509‘;tls)°“rals ctal.

Sm HDPE sand staurated 14-100 0.127 17-18 0  [Martin et al. (1984)
Williams,Houlihan

Sm HDPE sand staurated 5-25 0.3 19-27 | 0.6-0.7 (1987)

SmHDPE | Sapolite|  staurated 525 0.3 21 04 [Williams,Houlihan
(1987)

Sm HDPE clay staurated 5-25 0.3 25 1 Williams, Houlihan
(1987)

Sm HDPE sand drain - - 18 0 Mitchell et al.(1992)

Sm HDPE clay R - - 15 - Mitchell et al.(1992)

2.25 K E WK Fik

TR ZHPETARANIEEA E2 T 3B 2 HE 2
'ﬁﬁ&ﬁééﬁﬁ@%“’@ii*iiiﬂﬁmﬁﬁw%’%ﬂ%
Ve T Y E%@mm§1&9<§%m PR 455 B K 5 i kg/om”
S
oA d T HIR AR LA A T IRk FP B SR KR A
%ﬁlﬁ%ﬁ’ﬂ*ﬁﬁ?%§$ﬁﬁ%“’—%aﬁﬁ%iﬁ
bicd 2 BRI faBREF RigiBRAT
LT ETER N S

SN fl%\qﬂé\é‘iﬁﬁfﬁ%’ CROgEE VLB H = 5 o B

T ok

HFORGALEAF T NP LR B AL s LR Sk
LA BRI RAEE B RE T AR AR R A
AR e AP 22 BRF HEER SN F 2 B3
1% gl F A ERREERA A VL H R A
Lo HE UL ERE I B B B LR R R
TP
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2210 s B £ 7+ £ ¢ (ISRM> 1981) ¥ &3 & A %0 % 2-11

SEM e pedp HR Rk (R E E 4 0 1998) ¢

£2-10 %S £ 7+ 55 ¢ (ISRM » 1981)H /55 & A 5
56 B A B ¥ | HER%HAE (kg/emd)
5 34 (Extremely Weak Rock) Ry 2.5~10
33 1 (Very Weak Rock) R, 10~50
33 '(Weak Rock) R, 50~250
® 35 4 (Medium Strong Rock) R; 250~500
S ﬂ}—' (Strong Rock) Ry 500~1000
3fi Eh % (Very Strong Rock) Rs 1000~2500
% ¢ # (Extremely Strong Rock) Rg 2500 r4 +
£ 2- 11 WP~ g e Mt S R F 2% 4 > 1998)
Wk i
b ¥ y SRR i 3 5
pm’) 1= o, (%) | g.(kg/cm)
A b el 2.19~2.25 1~ 9.6~12.9 5.5~35.9
*e ) B 2.25 11.2 10~17
<~ A Le ¥y 3 213~236 | 9.8~14.2 1.7~15.9
e 2.16~2.38 | 5.3~18.9 1.9~16
A A 2.16 13.5 70.3
s P/z'p— 1.88~2.26 | 2.2~21.6 0.2~26.9
e 1.9~2.21 | 3.8~23.9 0.3~34.5
N ¥y 1.82~2.00 | 9.0~14.4 -
e 1.91~2.15 | 8.5~28.6 1.2~9.7
F) 1.83~2.19 | 6.8~24.8 1.0~25.4
EAE A iR 1.81~2.23 | 8.9~24 0.9~31.2
Ryl B3R 1.84~2.14 | 16.3~25.3 -
B R) 2.57~2.62 | 1.05~3.06 | 85~269.9
PP R e 117, F)E | 2.57~2.63 | 1.09~4.27 105~559
ﬁ# W’ B 2.51 1.1~2.0 168~559
R IR
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23 FHAR LB T A i
23183 AR FR R T FHESN
R e i A E Y RABELR RN 7]

L el i FF 2 R A RlARitAe S (RE R 0 1990) ¢
Esa

LA BH P ERT AT R YT R AR AR
Boo B0 RIS o T R A R F AR oA LaE R
A H Akm A E AR (DG T B T O BT A
12 0 B HRLR G ?%fi%?m%é; B REIIRE S A RER A

-

T A H R R R A B BRI AL W2

3

. .
~

&

|

s FE B RIEAE 2 FINEE R 2 FRoEg g 2
RIVRER 2 R L S ARPEAGH LR - Bia
BAFEASH 2 B RF o LEL RIS FRBE S BLEDR
FERFMHSASRAKRZ2EEEFNEEN > aMBA ARL R 280
MR ERGBET A BRE S REEEA AR P B L G

MAR P MR LT BRI MR L METHOE AL 8
LA R B RARM TR S R R R R A T2
= o ’ﬁ»#l%’*%ﬁ"“&ﬁzz , ijé_#q)g‘fﬁ:‘ﬁ;fﬁ_‘?gli(— E I
EF RBBXFLFFAME D) W B L B ER
RIM - BELAITZEE-EE Y T2 2 FP Seed & 1)

— WA AT R R NBEEAER TR RIRZERR
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Sz g R AR

LLEemy >l o

_,_

PHEF T 2 BURT 4 R PR R - R

G R

IR E T DRSS TER Y

= BEMP]F % * Newmark:;2 (Newmark » 1965) 5 7= 5 J1#* T *oA2
7 (Seed and Bonaprte > 1992)% 3

ALz & & & 47(Aderson et al. »
1992)% & = kA d72

2.3.248 T it

& 'L 7 (Limit Equilibrium Method) 28 # i
LB A Em L Sk

gé‘rn %ﬂ/o
2B E AL R 2T 4 e
R &2 % P =R A o e
4B 3G b enE - BLE G IRTE o
AR SERAR LR E
LABREET 2 Fda o
2.0 (EH B RE Y G 4 R4 RS T T N RG R
2 4 o
3z g RET A qpt > FES R G 2 X > Tl
4L BERY-FTizifde  £AAHF1IINL 8 BT - % >Rk
dhBL I 4R Rt B A2 % 2
Z g o

24
E e

oo WL TR

(AR P E RN G RIS 28 L SRS &
RELRUN S SN LN § R

¥

B fk

B B3
R’

(5 pF o B | e
M- AR AF S 4 RIT A

1k FaT Fav G ehils R R 1

VIR
% 2

KR
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¥

R AL LR S R YL R S L

H oo *gﬁr /,,\Jffr—é e s

1.

3.

Flan/ 472 o g2 3 * 20 05 R4 18 0 dom 2 247 7 T g=
0(7 k2 fFiR)e % 2T d B2 £ B W > ARl T4
F 2 34t B AP HEA F o

2BEEFI AT 2 0 gt kS VA Yo ¢ MR s o )i B R
R A g R EAR Y 0 BRI Rl R FBRRL e > 2T

-

k=1

SRsinfe e fefeside k(% 20 do G 2 4 ¥ 2 452 BEEFAp> > @
B LT LK Rsinf2 BRI > Ki & & ARFHRRL i
@ %_ (Taylor » 1948) o

$HAFRA, 047 0 L I HEEEL T 202 E PR G
AR RS P A0y LIS S SUE SV

AUt BT T3 0 R Gk 2 (e B Y e % R

Noias » $FBT A7) % B gk i 7 0

R Aagsez e B2 ELIBE > P L Re AR LB RS

b
N
~F
pre
pa
A

)
N
IT‘
=4
(3
(w,
*E';\

CEPARE S0 RN PP R R ERAR LS A i S R ak s
FREE PR ARG G NG E R g o TR B
IR S-SR 1 9= S S S A e
Ordinary ~ Simplified Bishop - Simplified Janbu ~ Morgenstern and
Price ~ Spencer ~ Corps of Engineers ~ Lowe-Karafiath ~ Janbu

Generalized 2 Sarma ¥ o % & 7/ #2307 §42iE o
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233 % ¥ A7k
IAERFE LR X > G EEATHELETE S A BIT G

%L RE - A

\

_ AEI

T EJJV%)
BHBRhE L GE BB E-TRA G o F A PR LB
B2 TR R WL B o qn BHBETA T ARG i

THREETRAMG 7d 3

F.S. =

2.1)

‘mkf

z_ = >k Hi(Factor of Safety)
For2. o B2-9ER2-10 ~ % 5 I Fdm 2 A 1% &6 B4
BRAHTL EFET 45 L R hr LW

o

94

o -\
™~ d D
w T
[ A, TENSION
CRACK
a ,4—-——-——-—‘ E— ZONE
R
wl X,
- lwl
- E,
g -
WATER Eoa,
A, - [ y
X, s,
a
N
p

B 2- 91?7‘\%@7&—3—*7‘#1&%4
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e e 1
e a.
§8 % el
a. e e e ——— A,
R
w
X
kwil™"
E.
b4 EI. "
A, - WATER/

k
R= Flstifdos 2 % & i ie Ak if 5 6 2 cds ¥ 4 SmAp b 2 4 &

x==%r 4 dtu‘ﬁf‘%@ﬂ‘bf\‘ :{Eﬂ:u\’k—lﬁﬁ'%ﬁ'_

N

e=*r H A58 3 Y w4 AEP w2 F FEAE

—*714}%‘3:*,\,4“%5‘&;;/ ﬁ,‘l—"séil@‘x\(_‘i; %) 2. 4%
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bag
= IORRA T Y A aEY w2 PR (THRLEZ RA W
Fom B2 2 RlA LR
A=kBR4 2. £+ (THELERANETHEH 2 = BI&L )
wzﬁi\éﬁykl/ﬁéi o A B d X$hit v LGS w E R
jrr R ¢ BT G h (PR fak s TR b

H3wiprFrabBP it B

UL = 2 L A I AREF AR A R R Y R 2
o P B R g2 ek 3 B2 R 2 RR
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2 2-12 % %

;% v¢ #(1/2)( Duncan et al. 2005 > % # -

% 4 2003)
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Fo 2-12 %7 3 ;20 $2(2/2 &) (Duncan et al. 2005 % =4

1996)
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PRLed E2 k- F A A
X = Af (X)E (2.2)

Ho A= foo) ot * §AV(EE)
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f) M8 X E 2 B4 E4cB 2-11 #77
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RF 2. 4 & #ie(interslice force function) FF 12 j4- _d-

T4 gpXEkTnod ELE4 2 fpf= o (v > 9)

o4 Sl

T~ 3

f(x) = Half-Sine

f(x) = Constant
1 1
= 3
0 0
L X R L X R
f(x) = Clipped-Sine f(x) = Trapezoid
1 1
2 3
0 0 _{1,0)
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# 2- 13 STABLPRO for Windows #%

N2z I (TR L 2007)
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Wz & [2.0(1999)
Ensoft

i’f—‘F‘f FREEH

1.72 STABL 4/4M % A # #73 E 112 Window % i 3 £& T4 #7425 ©

I RFE M
2.8 F2 N ek 44 £ STABL4/4AM 12 #ﬁ £ ;‘ﬁ;?] NN
MERE T AR L RGN AL TR Bp E e
3.1999 & 7 % #74c » STABLOM 4 & 45w @ Bobe 2| G T PE e R AL o
o H =4 (Lad] 2.8
ARG Ry [PORIUT Gt 3EEE 2 % > ¥y & 3 1 Bishop # it 7% ~ Janbu
fi it ;% ~ Spencer ;2 & o
o 1.#5543;"%;“%?])‘5*%?;1@
ﬁ%l:",f‘e‘é% L ag k2 igd ngRl B

% 2- 14 UTEXAS4 #4758 2. ## s £ 35 4 (Pockoski and Duncan - 2000)

iy -8

UTEXAS4

W2 E

4.0.0.6 (2000)

A8 EREE 3§l

Stephen G. Wright

LREE

1.3 3 % % e B 8 2 15 AJR AT N > 7 MR hA 17 2D 2 8 B4R TR AT -

=l

2.7 JoF [l 5 2R

@ F ] |Lodl 2.3
ANEH Ry (&AL G2 0 Bishop f§ i 72 ~ Janbu f it ;2 ~ Spencer i ~ Army Corps of]
Engineers’ Modified Swedish ;2 - Lowe-Karafiath ;= % -
31?1%”‘;‘ 1.'%3EKeyin$§]/\7k§;’i;‘i’ﬁ B A
s LA FFERE NP SR LW LT NRA FlmnE
2.3 fe TEXGRAF4 ¢ * > ¥ &8 * B8 T ho o bl4cd 0% >k

:'%%ﬂﬁﬁ%ﬂ:& CAD Ml

51




% 2-15SLOPE/W 2 # i & # 4 (&£ 4 » 2007)
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% 2-16 TALREN 97 #4258 2. ¥ & % 454 (%2 L » 2007)
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% 2-17CLARA #2582 7 it 2 £ 4 (22 4 » 2007)
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F2-18 & B H f& 2 o 474858 4 & £ 12 (Pockoski and Duncan » 2000)

UTEXAS4 SLOPE/W SLIDE XSTABL WINSTABL RSS SNAIL GoldNail
Vertical Walls? yes no yes no no no yes no
Tension Crack Option? yes yes yes yes no no no no
Search Below Toe? yes yes yes yes yes yes yes no
Graphics During Input? no yes yes yes yes yes no yes
Seismic Option? yes yes yes yes yes yes yes yes
Error Checking? yes yes yes yes no yes Only Water Table no
On Screen Help? yes yes yes yes no yes yes yes
# of Soil Types? infinite infinite 500 20 infinite 128 7 13
Slope Face Direction? Right or Left Right or Left Right or Left Right or Left Lift Only Lift Only Lift Only Lift Only
. . . Horizontal, Vertical, or . . . . . . . . .
Distributed Loads? Tangential and Normal Vertical and Normal Normal Horizontal or Vertical Horizontal or Vertical Horizontal, or Vertical Vertical Horizontal or Vertical
. Horizontal and Veru.cal . . No@al or Horizontal and Use Distributed Load Option, | Use Distributed Load Option, | Use Distributed Load Option,
Line Loads? Components, or Magnitude Magnitude and Direction Vertical Components, or . R . L . L none none
A R S Magnitude and Direction Magnitude and Direction Magnitude and Direction
and Direction Magnitude and Direction
Circular Search? yes yes yes yes. yes yes no yes
[Non-circular Search? yes yes yes yes. yes yes yes no
Composite (circular-noncircular) Search no yes yes no no no no no
Piezometric or Phreatic Surface? Piezometric Piezometric Either’ Either Phreatic Piezometric Either Piezometric
Coordinate System First Quadrant First Quadrant First Quadrant FirstQuadrant First Quadrant First Quadrant First Quadrant Fourth Quadrant
Negative Coordinates Allowed? yes yes yes. 1o yes no yes yes
More than one Piezometric or Phreatic os s s os o s o o
Surface? Y Y Y Y Y Y
Axes on output? Numbers without units Numbers with units Numbers with units Numbers with units Numbers without units Numbers with units no Numbers with units
Plot F Contours? yes inTexGraf4 yes yes no no no no no
* - - 1 £ - ) 1
*Mohr-Coulomb C-Phi Mohr- Coulqmb C-Phi Mobhr. Coul({mb C-Phi
R . *Undrained *Undrained
*Su=Linear increase below
cofite line *No Strong *No Strong
*Su:LirFear increase below *Very Strong(bedrock) *Very Strong
datum *Bi-linear Envelope *Infinite Strength *Mohr-Coulomb C-Phi

'Ways to Model Strength

*Constant c/p
*Anisotropic Strength
*Nonlinear, Curved Envelope
*Su grid interpolation
*Two-Stage Linear
*Two-Stage Nolinear
*Very Strong

*Su= Function of Depth
*Su= Function of Overburden
*Su= Function of Datum
Reference
*Anisotropic Strength
*User-defined Normail Stress
Function (Isotropic and
Anisotropic)

*Anisotropic Strength
*User-defined shear-Normail
Stress Function
*Su= Function of Depth
*Su= Function of Datum
Reference
*Hoek-Brown
*Gen. Hoek-Brown

*Su= Function of s'v
*Bi-linear Envelope (Each
may be Isotropic or
Anisotropic)

*Mohr-Coulomb C-Phi
(Isotropic and Anisotropic)

*Mohr-Coulomb C-Phi

*Mohr-Coulomb C-Phi

*Mohr-Coulomb C-Phi
*Bi-linear Envelope

'Ways to Input Pore Water Pressure

*Constant
*Constant r,,
*Piezometric Line
*Interpolotion from grid
*Interpolotion of r, from grid
*Negative Allowed

*Piezometric Line
* 1, Coefficients
* 1, Contours
*Heads
*Finite Element Grid of
Pressures

*Phreatic Surfaces
*Piezometric Surfaces
* 1, Coefficients
*Grid of Total Head
*Grid of Pressure Head
*Grid of Pore Pressure

*Phreatic Surfaces
*Piezometric Surfaces
* Pore Pressure Grid
* 1, Coefficients
*Constant

*Phreatic/Piezometric
Average
* 1, Coefficients
*Pressure Head

Piezometric Surfaces

Phreatic or Piezometric
Surface

Piezometric Surfaces
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% 2-19 & B3 42 7 & #7458 224 4 (Pockoski and Duncan - 2000)

UTEXAS4|SLOPE/W|SLIDE XSTABL |WINSTABL] RSS SNAIL|GoldNail
Accuracy 5 4.5 4.5 4 3.5 4 2 4
Program i«
Compuation Time > > > > 4017 4 2 4
Time to Enter Data
&Complete 3 5 5 4 35 35 3 3.5
Analysis
Ease ofRelnforced 3 5 5 45 4 35 3 25
Slope Design
Ease of S-initial only-no 5-horizontal
Unreinforced Slope 1.5 2.5 2.5 final design 3 reinforcement| 4 5
Data Design capabilitties only
Ease of Soil Nail
Data Entry 3.5 5 5 4 3.5 3 3 3.5
E f Tieback NoProvision for >-horizontal
ase o “iebac 2.5 3.5 35 . 3.5 reinforcement 5 4.5
Data Entry Reinforcement
only
. . 5-horizontal
Ease of Geogrid 25 5 5 No?rov1s1on for 4 reinforcement 3 35
Data Entry Reinforcement
only
Sl9pe Face 25 35 35 NOl:.)I‘OVISIOIl for 45 5 3 35
Direction? Reinforcement
Time Req'd to
Make Output 4 5 5 3 2 3 3 1
Report Ready
Quality of
Graphical Output 4 > 3 > 2 3 3 !

*In WINSTABL , Spencer's Method has a’computation-time of up to several minutes.

1-Poor

2-Fair

3-Average
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4-Good

5-Excellent
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Strength vs. Z-Coordimate
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WE L4 AF 3 EB(B4 »F AP H > F 1%
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F4-1 B e FFHNREFLZ >R

FS
Fully specified [Block specified|Grid and Radiuq Entry and Exit| Auto Locate
Ordinary 0.741 0.736 0.850 1.081 1.303
Bishop simplified 0.771 0.769 0.696 0.694 0.654
Janbu simplified 0.672 0.671 0.670 0.672 0.672
M-P 0.843 0.840 0.754 0.780 0.192
Spencer 0.870 0.866 0.791 0.785 0.731
GLE 0.892* 0.912 0.854 0.876 0.289
Corps of Engineers #1 0.902 0.840 0:776 0.787 0.771
Corps of Engineers #2 0.639 0.637 0.634 0.637 0.634
Lowe-Karafiath 1.030 0.912 0.867 0.868 0.823
Janbu Generalized NG 0.324 0475 0.825 0.100
Sarma 0.926 0.821 0.742 0.745 0.516
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Bishop # B @ % & F A 9 -1.8%~6% » Simplified Janbu # £ @ 4F 4

15% > Morgenstern and Price £ £ %35 %) 7% o
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2% 2 BEON A ) A A2 T LS A bR K AR % B

ES
ARG B AR % > R RFEFBR G T R e R RUR
Foobo R R X GETE R G BERL )N DM R
BP RS e

FA2-mEHEERG PR SR EBHLF X GE RE (RO

FS

AL 5 ) Translational Rotational

x> Fully Specified Grid and Raidus
o(°) M-P Spencer M-P Spencer

5 0.691 0,744 3.510 3.521
1.108 1.195 3.534 3.543
10 1.391 1.500 3.550 3.558
12 1.674 1.807 3.564 3.573
15 2.110 2.278 3.589 3.596
20 2.867 3.096 3.632 3.638
25 3.674 3.965 3.678 3.683
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2043 - RIS RER G R H RN R AR T 2 Gl RA (3R H)

FS
b &2 Bl Translational Rotational
HoE S Fully Specified Grid and Raidus
H(m) M-P Spencer M-P Spencer

10 2.110 2.278 3.589 3.596
15 1.611 1.680 2.741 2.742
20 1.344 1.350 2.321 2.323
25 1.142 1.128 2.029 2.030
30 0.976 0.955 1.854 1.823
35 0.714 0.818 1.727 1.736
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MAE P o fFF L 3 2. £ B > £ 171 Spencer » 7 % > Simplified
Bishop % B & % & t§ & %-5%~22% » Simplified Janbu % £ %)
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F2A-4-HERFR G FREEREBRLL >0 RA(T R )

FS
R B 58 ) Translational Rotational
x> Fully Specified Grid and Raidus
a( °) M-P Spencer M-P Spencer
75 2.377 2.980 3.590 3.597
60 2.110 2.278 3.589 3.596
45 2.024 2.057 3.590 3.597
30 2.052 2.041 4.357 4.369
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AR EFET% -

Wobro PR LA R N VR A R R B 0 B SRR K RUR
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FS
h &5 %l Translational Rotational
¥E 2 Fully Specified Grid and Raidus
B(°) H:V M-P Spencer |  M-P Spencer
60 v/ 3:1 2.230 2.402 2.997 3.052
45 1:1 2.110 2.278 3.589 3.596

30 1:/ 3 1.897 2.052 3.953 3.962
26.56 1:2 1.814 1.963 4.232 4.245
21.8 1:2.5 1.651 1.786 5.280 5.291
18.43 1:3 1.474 1.594 5.640 5.650
15.95 1:3.5 1.453 1.572 6.404 6.414
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3. 0=15°~a=60°~f=45°~H=10mPF > H 2 & B (L)E% + >
20m

4, §0=15°~=45°~H=10m~L=30mp* > * ¥ .8 5 £
B 2MAE o PIE el & (a)F iE3R 3300 ~45°8460° ~ 75° o

5. 0=15°~a=60°~H=10m~L=30mp* > 58 % H % (f)EX%
i %+20° ~ 60° -

43 = fes s B FHEFFRPRAL

SPER s R R R 2 G B ENEH L
o fEw BEF S AR T PR B R o i - PRI MBER TP
BRPLE 0 Tt X > GelicAp e Moo pLahs SRS ag-s Y B 1y
PR T DERBHREEF AR kg o BT > ik
ﬁ?%%%iéﬁﬁﬁﬁﬁﬁs’@%ﬂj%%oﬁﬁi’%%ié
g 1 iy T R ARG > 2 af o $NHEER e
% & (Vaneer Cover)i# 3 #2214 5 & & (h 50 2 {3005 RIN35 5 ihif

BRI < -

A1 - RFRFFERIEA 1T 5
L7 o Bt (0)

Fm Bigpt0)2 < 208t Mk o Bdd 5784 D)
25°PF 0 & > Mhdicd 0441724 0§ oo AL TIPS %
DUl g ML 2T R G B AL > BEE SHOEFE ol

95



4-10%777 o w AL T2 A - R o 3t & 222 £ R > F 14 Spencer
% 72 % > Simplified Bishop Z £ & % & 5 & 5 11%~19% ; Simplified
JanbuZ £ 15%~30% ; Morgenstern and Price £ £ #4F ¥3%~4.5% -
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maE-Foe b

¥R R %

> R )& (TR 0)

FS
& 3l Translational Rotational
#% = ;£ | Fully Specified Grid and Raidus
o(°) M-P Spencer | M-P Spencer
5 0.414 0.428 2.320 2.331
8 0.664 0.685 2.360 2.362
10 0.833 0.859 2417 2418
12 1.004 1.035 2.439 2.440
15 1.266 1.305 2.475 2.475
20 1.535 1.583 2.296 2.296
25 1.864 1.952 2.467 2.467
26583 K(H)
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[0 heB4-1157 o 508 3 B dol0amd e 735 mpE > % > fhicd 2.2
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}& Simplified Bishop# 4 5 544 471
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2.5

0o =15°
20 | L =30m,B =3m
a =6343°, p =45°
g
b= 1.5 r
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g
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[
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05 —s— Spencer
—a— Bishop
—»— Janbu
0.0 :
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H (m)

Fl4- 1= s oo % 2 Gl 52 8 RHZ M %

047 2 FER ST 6 R BB E AR > Rl B ( k H)

ES
LI KA Translational Rotational
x-S Fully Specified Grid and Raidus
H(m) M-P Spencer M-P Spencer
5 2.184 2.328 4.027 4.035
10 1.266 1.305 2.475 2.475
15 0.844 0.852 2.209 2.029
20 0.715 0.716 1.834 1.835

34 E R (L)

PREWER()SAE > Al 1L (4oBl4-12) - B E R d 20m
B4 160 mPE % > fhdcd 0.8EH 1222 % 0 4 E R [ 330m
P % > Glicg )] FAarE B E RS > Gy R &
k37 iE A5 - & faMorgenstern and Priced’ A A5 4 LR o FF 3 &
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45 1.155 1.144 2.456 2.456
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60 v 3:1 1.448 1.492 2.258 2.259
45 1:1 1.266 1.305 2.475 2.475
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10 0.736 0.749 2.434 2.481
12 0.807 0.826 2.450 2.495
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o(°) M-P | Spencer| M-P |Spencer
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5 0.261 0.266 | 1.633 1.650
8 0.420 [ 0.427 | 1.606 [ 1.612
10 0.527 | 0.536 | 1.619 [ 1.621
12 0.635 [ 0.646 | 1.646 [ 1.647
15 0.800 [ 0.815 | 1.640 [ 1.644
18 0.971 0.98 1.698 1.704
20 1.087 1.107 | 1.768 1.778
25 1.393 1.418 | 1.767 | 1.768
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