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ABSTRACT

Although most of Taiwan’s municipal solid wastes (MSW) are incinerated, the incinerator ash and
the remaining huge volume of MSW are all disposed in landfills. Due to the limitation of population
density and availability of land, a large portion of Taiwan’s landfills are located in mountainous area.
Current regulations do not require slope stability analysis for these landfills. As a result, almost all
of the landfills were not designed to maintain a suitable factor of safety against failure. The
composition of Taiwan’s solid waste differs considerably from that of the United States or any other
country in the world. However, the lack of data of local solid waste poses a great limitation to
engineers. The objectives of this research are to obtain shear strength data of MSW and incinerator
ash with in-situ tests and laboratory tests, repectively, and then perform a series of slope stability
and deformation analyses in order to assess the long-term performance of the hillside landfills. The
results show that the cohesion and friction angle of the MSW at Chu-nan and Hu-kou landfills are
34.9 kPa and 37.9°, 33.6 kPa and 32.1°, respectively. In addition, the coefficients of sudgrade
reation are 875.25 kN/m’ and 494.33 kN/m’, respectively.

Results of 2-D and 3-D slope stability analyses show that the factor of safety increases with lower
height of wastes, longer length of waste body, smaller slope angle of the back of the excavation, and
steeper face slope of final cover. In addition, 3-D analysis indicates that the factor of safety

decreases with the widening of the mouth of the landfills on slopes.

On the other hand, the results of laboratory direct shear tests show that the internal friction angle of
incinerator bottom ash of MSW was approximately 52.5°. The interfacial friction angle between the
bottom ash and geosynthetics ranges from 40-80 % of the internal friction angle. The interfacial
shear strength decreased as the interface was conducted under water-saturated. This effect might be
attributed to the loss of the suction and the decrease of effective stress at the ashes/geosynthetics

interface.

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 ( 6=15°~a=60°~ f=45°~ H=10m ~ L=30m ~ B;=3m). When it concerned

to interface slide, we can provide the following suggestions in order to offer references of design
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and analysis: (1) the interfacial friction angle(d) 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 8m, (3) the length of the base (L)
should more than 40m, (4) the width of the berm (B;) should not less than 3m, (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.

Furthermore, the results of the deformation analysis indicate that for one-stage landfills, the angle of
the back of excavated slope has greatest effect on shear strain. On the other hand, the vertical
displacement and volumetric compression strain was affected by the height most. For two-stage
landfills, the angle of the back of excavated slope has the greatest effect on both the volumetric

compression strain and the displacement.

In any case, the most critical factor affecting the slope stability of landfills is the low interfacial
shear strength of the interface between geomembrane and other materials. Risk of slope failure can
be very high for hillside landfills using smooth geomembrane as bottom liner since the interfacial
friction angle between geomembrane and saturated clay can be as low as 8 — 10°. However, if the
interfacial friction angle can be reached above 20° with prudent design and selection of materials,
the risk of slope failure can be greatly reduced. In addition, the drainage system around the
perimeter of the landfill must perform effectively, otherwise slope failure may be induced by water
seeping in between geomembrane and foundation could reduce the interfacial friction angle and
elevate the pore water pressure. On the other hand, the deformation of landfill is so large that it can
pose a greater problem than slope stability in many cases. As a result, the design and installation of

final cover system and redevelopment must wait until long-term deformation stabilizes.

Keywords: Municipal solid waste, In-situ test, Shear strength, Incinerator ash, Geosynthetics,

Interfacial shear strength, Slope stability, Landfill deformation
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ZZII Range of Typical Average Values " ll I
CoassCirpiComin? Derived from Fasseit et al. (1094)'

DEPTH (m)
=] &
(8] o
R SO P I PSR S S G LA OO P o Y NN G A

i
[=]
o

USRI BB WL B DN IS S DN B O R B R B M B Y P pe

0 3 8 9 12 15
UNIT WEIGHT (kN/m?)

B 2-3 BER#ALEHEMEREHBHR (Kavazanjian et al. (1995) )

BRBEMRBEEM T AR ST HETEE - EFRFELGRNBRRBENF EZRE
H—RBEVMHEMEGILBAR  LEAF— Tl BEEHGTEBREVWH BN ERER
£t #>(Fassett et al., 1994) :

1. #H3Ea)BEEMBE R R — K

2. RBFINRPREIGHEAORBREE

3. BB WY TRAE Y BEARAT BRAR Ao S BR AT AR I ¥
4. BEEWEEEER R M2

—RERBEEMOEMETREBSHE T EER BB B AR TEZR A=A -
VHAEZR BB EEAF QRN ZREAGERIHOBARBGORRETFTERFET L
FNRRAw A A ERG RN E - B BB oty 6y B E LR E 4 tu A RAT
P o2 sy K58 ok K B41 F 48 (Bromswell, 1978; Dvinoff and Munion, 1986; Merz and
Stone, 1962; Sargunan, et al., 1986; Schumaker, 1972; Sowers, 1973) » 84 53 E 0 B E1R S
B2 E 44 3.92~8.83kN/m3 Fj > T A48 £ 4 491 kKN/m3 A b K% L A#4i% 9.81 kN/m3 ;
BGEAMEARAAE 491~6.87 KN/m3> 1R B L #1153 & Lb A5 R B f]x AT 22 3] 9.81 KN/m3 L L ;
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X

MERBRAZBIRE AN FRRR BB ETES 9.8 KN/m3 AL > b Ta B FH
AR E R BEINGIIBRD TR ~ GKERE - BEREFFAUAEROBELERRAER
B ¥ R, ©

ITBIRBRE L CE T REMEG TR T4 (RRE > 2004)0 80 F2] 93 FEZEME
HEXBRPFHMEAE 1.60£005kN/M3 ; & | ALBAXFRE R EMEM - HE R4 491
kKN/m3 sA b > BANRGELFREN - REFVFHELE > §TREERAWHEKRKE
Btz (BB KEE ) LEMEHT RO IEME  MEBHRRRIRD BB
B ERTAAG S > ARG RBZEMRIFOEE  ERESRBITEIMER -

%24 BERAXHBYIYREZBEWEMEEH (Dixon and Jones, 2004)

£ FawE (KN/m) sz XK
# 5.98 1£ A 21 =@ ey 546 0 B 2m Watts and Charles (1990)
8.04 18 B 21 Eeh 548 > Bds 0.6m
b F) B 5.00~10.01 REHHERE Manassero et al. (1996)
* 6.97 WEROME—RBEED Gourc et al. (2001)
e 5.98~6.97 ¥ ey —RBEEW Kavazanjian (2001)
14.03~20.01 & B 5%

223 EIBEMT N BES K

RIHIEN 2 18 58 R B AR X Re 0 R H RG> — & SAHA
F N EHERA T AR5~ HRE T 8 - RE 547 (back analysis) % 7 ik #4%

FAEERYBEEMRNE N 40— 67 kPax R B A ¢ 10 - 53°% F(Knochenmus et al.,
1998; Kavazanjian et al., 2001) - Vam Impe (1998)4:4 7 24 A A2 B E QF s HHEN
MBRGRBRABEEN TN RERR EEAFHER (1) 0<0<20kPa, c =20kPa, ¢=0°;
(2)20< 0<60 kPa, c =0kPa, ¢=38°; (3) 20 < 0< 60 kPa, ¢ > 20 kPa, ¢=30° - iz sb# (& 51
Kavazanjian et al. (2001)fr42 i 2 & £ 483 -

RIEH b B (1998) 2L AT ABIEAL IS > BN RIS R DAZ B B ARBR ARG R EH
BHRBRERBRERBT MBI EEADEBERENCORKERLM G LEEALE 12°-
26°2 [ 0 5t % /1 #4948 0.45 - 0.02 kg/cm® ] » % — 7 & » Landva and Clark (1986) 4 2 jiz 4% >
JEiR A 38°-42°> WA 16-19KkPa - {2 — 545 RAF B IF A IE A 33° WA/ 16kPa -

Howland and Landva (1992)e9#F 2 A43 8 10— 15 Fe4 &4 > B A 33° % H 17kPa -
Gabr and Valero (1995) 10— 15 sF&y i &4 » BE# A 20°-39° §H A 0 - 28 kPa - Kavazanjian
etal. (1995)% 2 sl R > 2R W 24 2 @M T HRE S §RF LN 25kPa
W Bz R AL 0 BN c=24kPa > IEREN AN 25KkPa 0 iE BIEA AL
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33° B c=5kPa fRFAET F AR A A 28°JLELR 71 =5 kPa R B wg B R ) 2 BB A 2
30°~40°F4 -

250
J + Richardson & Reynolds (1891} &
- © Lopez Canyon
- 4 ¢ Operating Industries (OII)
@ 200 & Torn of Babrlen
=Y - © Private Fa:ﬂ{iy in Ohio
~ -4 4 Pagolle & Rimoldi glgll?}
] 4 & Landva & Clark (1880)
v -
& 150
=
o ]
ra
© 100
o~
;-::.1 #
w504
o 4
+< %
L0 e o L A (|

0 50 100 150 200 250 300 350
NORMAL STRESS (kPa)

B 2-4 XYW hHaER$HBMA (Kavazanjian et al., 1995)

Landva and Clark (1990) % &+ $ #8 R Bl 463235 2 Bl g8 iz T AW R CGRE XA
434cm X 287cm) > IR ERE AN 0.0 £ 23.0kPa B ~ BIEA R AH 24°F 41°H » 2 BE
W R R %K - Landva and Clark (1990) 8 3£ — 5354 » R4 LT A REREGE
NETRE—GUEZBATRERERNEBEEY -

Kavazanjian et al. (1995)R i FR B ERXMRE 44 - ERFZAFMAA AT R > B4 T
FofE T Z RIS RESHER > BERRBESHZTIRME > RESHRIWEE B EED
Z AN > ho @ 2-5 Ao 0 H R G JE A AER 30.0 kPa BF 0 BREER A 24.0kPa~ B A 0 F
% B 16 JE /1 A7 30.0kPa B R BEE B /7 0.0 kPa ~ %/ 33° -

Eid et al. 2000) A 47 & A A A RS R R OB A HIE X NS SRR EvH &R > &
HEREENZBE LAY TRRER A 25.0kPa~ BIRA 35 E > wl 2-6 i o Ko
Kavazanjianet al. (2001)4t ¥} Eid et al. (2000) it & 69 R E B RAF R4 0 > & B & & /) A28
150kPat% > BB AARABERKNA L RUEEEEMIBELHARBELSUE —GHELRR
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250.00 T T T
¢ Landva & Clark (1990)
® Pagotto & Rimoldi (1987) *
4 Private Facility in Ohio
200.00 [ Town of Babylon > 3

X Operating Industries (OII)
® Lopez Canyon

E + Richardson & Reynolds(1991)

£ 15000

= -

3 .

L .

E; 100.00 -

> .

(]
+
s000 |, Teb| *%
+ £ Ix
= i
0.00

0.00 50.00 100.00 150.00 200.00 250.00 300.00 350.00
Normal Stress (kPa)

B 2-5 B8 EWH2¥ H%E (Kavazanjian et al., 1995)

350

T T T T T
(434 cm x 287 ¢m Direct Shear (Landva and Clark 1390
€ 150 cm x 160 om Diect Shear (Richardsen and Reynolds 1991 ]
30p |- | <122 m x 122 m Direct Shear (Houston et al 1986) vy
4 150 om x 150 cm Direct Shear (Withiam et al. 1995)

< 30 om Diameter Direct Shear (Edinsiler et 2, 1996)

v 457 cm Diameter Direct Shear {Geosyntec 1986b) v
250 |- |r> 30 om x 30 cm Direct Shear (Earih Scierces 1997)

£
7

= 200}

I

=

[0

z

5ol

T

=

@

T ol

£

5 ® Cicinnat sie

A Easiom Ohio site

0 50 100 150 200 250 300 350 400
NORMAL STRESS (kPa)

W 2-6 ERERERHZIH A %EEIetal, 2000)

sesh o BB R X S IR MR A B8 — A LR R R o B AR R 2 = R 4 ke

BEoT o AL g JE 44838 30%1% 0 BB 3 4E LA 3 & 3% 345 © 1 2 3F £ (Singh and Murphy,
1990 ; Machado et al., 2002) - BEEMZHIBRGABRE SN —RIESH > sHEy

ZABIEEINREREN  ARBEMRABETHIRE > AR EARRAPT RG> BRE
FMERHIRBEL AR AERABRTAFEBREMUE SR AR > b LT 2 A 138
TRCERIHARMIGE - Bt BAHEGERB T > AR LIEREREZNR
BHRA RIEBRETRIRRMFTHER -

B — R LIEAN  BRBEEIARDAEMR  BREEBR > UARIHEZNERCEE
ey & - SR AR o R M 4L > B pb @A BT AR A R RTRR - B E B M %
ESH—BAAENRY AT RS~ RIBRB AT R~ =ik~ RESH F 7 k4 -
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%25 AR B E U LA A RIF 2 /5% 4 - Landva & Clark (1990)# 7R 6] 8% e 6] —
WEER RGN BEEMBITENARBR AT R S RETHENERA YL 24°~42°2 1 > g b
At A 0~23 kPa 95t % /1 » Singh & Murphy (1990)#R4E £ W ~ B3GR U R @B R EA4F
BIBAEEMN BRAMBBELARAETLNBREEN  RNFaELENHE RERSH A C
(kPa)=-2.35¢(°)+81 £ 17 P/ - Kavazajian et al. (1995{R BB X fE:RER 4 % » 8 T — &I e
BT LA 0 IR B AR 30.0kPa BF > BREER N A 240KkPa EEA A0 ELEGEA
AP 30.0 kPa BF R EREE H /) & OkPa> E# /4 33° Eid et al. (2000)A) 4256 AR A & R R O3
AFIRZ ARG R B &R EREBERZ X RETRER S 250kPa R E#H A 35° -
#k f Kavazajian et al. (2001)41#f Eid et al. (2000)Fric & 6938 B B4 5136 4> & L& JE /1 2818
150.0kPa 4% > B A A AR L > BB BEEM AR ESUNE — G RRE -

Mitchell & Mitchell (1992)8 % 2] > & #1835 — E L B @ ey RE > HIED KRR RIS
o BRI HERRNATRABEDBRAXERRGERER > BETBEENN BRI
& — B ERGFERT B o

BESN VR A 2 ) MBS B e B — A E AR R ) o BB B2 = b4 RR
BT o b B 54338 30%%% 0 BB Ay 0545 4 £ Fh > 3 4 i B £% % A 2 9 % (Singh and Murphy,
1990:Machado et al., 2002) » B El# 5 % 412 a0 18 5 9 B 3k S0 — A £ AR > SRz
Al E RSB RERER  ARBENRBETHIBE > A EMRATES  BRESE
WE BB o F @A A AT R F S E M s 2 AR 0 JLBF LT 2 R T
S O LB L AARIRE o B UL > MATH0 IR M AS R M AT B 0 25 R S R L B 4 B B
HR RS TR SRR T AR -

%25 BEWYWHKE(Sadek et al., 2001)

N BESE SRR R B LKV i SRR 2R
c(kPa) | A°) ckPa) | 9
Direct Shear (LAB) Back analysis
19 42 Landva & Clark ' 29 22 Pagotto & Rimoldi
(1986) (1987)
19 38 78 1 Singh & Murphy
(1990)
10 33.6 80 8.5
16 33 Landva & Clark 60 15
19 39 (1990) 57 3
22 24 40 13
35 0 Singh & Murphy 0 35
70 20 (1990) 0 38
65 3 35 14
0 38 20 20
42 18 20

14



15 31 27 19.5
0 39 Singh & Murphy Misc.
53 (1990) 0 35 Martin & Genthe (1993)
0 41 Golder 10 25 Cowland (1993)
Assoc.(1993)
5 40 Del Greco & 10 17 Jessberger et al.(1994)
40 39 Oggeri (1993) 15 35 Singh & Murphy (1990)
5 20 23. 20
5
24 22 0 35
10 25 6 23 Kolsh et al.
70 20 8 30 (1993)
23.5 22 11 32
7 42 Jessberger et al. 10 23 Fasset et al.
28 26.5 (1994) 10 32 (1994)
27.5 20 Gabr & Valero 7 38 Jessberger et al.
0 39 (1995) 0 30 (1994)
10.5 31 Jones et al. '97 0 40
50 35 Pelkey 15 15 Kolsh
0 26 (1997) 18 22 (1995)
43 31 Kavazanjian et al. 5 25 Jones et al. (1997)
(1999)
24 18 Mazzucato et al. 0- |35 Eid et al. (2000)
(1999) 50
Field testing Triaxial tests(LAB)
80 1 Singh & Murphy 10 | O Gabr & Valero (1995)
(1990) 0 (cu,pu)
100 1 40 | 0 ()
10 18 Richardson & 16. | 34
Reynolds (1991) | 8
10 43
10 30 Whitiam et al.
(1995)
22 18.2 Thomas et al.
(2003)

shoh o BB EMZE S G M AL — R LIEMORR ] - B RS R BN X = s R AR
BAST o e 6y JE A28 30% 7% KB A 454k B A 8 3% 248 € 45 2 BF % (Singh and Murphy »
1990 ; Machado et al. » 2002) - & [2] 5% 5& % 4 % 5% 3% J& ?géa}% B SN — R LEA R SR
Z AR ERERRERER > BRBEENREET Ry BB RABRATEG 0 B
EWMEIHIRRER ZL@%"‘iﬂﬂﬁﬁﬁfﬁ,frzﬁﬁ??%iﬁiﬁéi}izﬁ)ﬂﬁ ' JLBF T X AR E I
FE TR HAMIEE - Bk BITHIEGERBRM T > ERHRIEREBEZHE
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R RERETRIRRIATFTHER -

RGP EEMHIREEARE D « NGO RITR > —REBEED (TR AR
B) PR ENBEREGHEDBILGNRT - §EY—MBEMESRKES - 5B A
EBBARSRABIRT > AMLRBERERS - A8 e —MBEMARIEZISL > TH

AWSBEKERBRE BEVWREEARESATMERR I —REEHHIESS -
DAHANBHBIBRLZBEESWAHRAZ LB A EZ B RETREFR BHREREE 75%
MH A =24.2°c=33kPa(3.38 t/m%) > HIZkZ BAxE AIR 6.3 kN/m’ (0.7 m’) o B 3848 il
ARG PR ZAS R M 0 PR B AR R AL ARIR L — 3 BB FR
4% F 2 8.1 KN/m> (0.91 vm®) (B3 > 1990) -

RARBETEENSRBDOERERY (BBABRGRY ) FTAREAETHBRERS - 22#kE
G EIR AR LA RS EMHBHEABEIR TR ERBTABEMBRENRLS  $EE
W IRAB B T SRR -
HRNBEEMYERAK > BRTANR— Rt 4013 LRBARRER > FREA
T3l #eEs (BRE 0 1997) :
. HLMBARIEGNEELEFREAAILRE RNTFEN A BRERANH
PR H O RBERI D Z Flefv —Aafbs - £RE P 2B e R &2 &%
EX -
2. ¥ POBAMERIR G RET B BRBMBRH MY %L -

3. AEHB BREBENABNADEREY AU REARRUREKERBIR G

HH -
ABBR — £ AR BB B R AL DK R R RAE K 0 R AL
CERE LI BNES Y I ES TRV RS LY TRV S LY

B kAR ANEENMI > Bt BTG ERB T o ol TSRS E M EE
MZBESEAHER T -

BEWT N BB ORET XA AR TR MBEER - ARTAGT L OHE - BEEARR
S B NGB ~ B 1 4R (Pressuremeter) ~ B3 H R ~ B Z R FEOET kR R~ F
MER -~ FARBERR  RFEA - M@ BERA - SRBFHREITE -

ASTM D5321 KA AR AT &4 30cm X30cm » & 10 cm » % C 88 4069 5 5 3R %
ASTM D3080 XA R+ K3F % > AR HN R EH R > BREEFHRTER— > 30cm X 30cm #)
R i N EREAMOBENEITERR - mEAKREFERBEZIEGABETR > £ F
EERANEEARORI - RN ATH R EMOIFNERRTHE  BREMHHE R ERGE
BT LA RAT R A T SE B9 BIE -

RN N E L TRABRER AR R BEZ RS > R RF - —KSHA
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FNEBARTARR - BIAR T AR% - REMSWEF b - RERMURE Edo T
%26

£2-6 MBHHBEGREX 2006 ; %£1&F > 2000)

SRR AR R BiEA O BRA ¢ (tm) Hax
Fang % A(1977) 15°~25° 7.2 FNETHERRZARERR
Oweis % A(1985) 20° 2.0~2.5 BRI (BARPE P EFRBFZ
#ER)
STS (1985) 30°~35° 1.0~2.5 B R 773t K%
Dvinoff » Munion (1986) RPN ®E =39 B AR R BIEE
=EZX (1981 32.2° 45 B AR BB A2 B H
Kavazanjian (1995) 0<25kpa, C=24kpa, ¢=0° FREEABRRESH - BREHRA
6>25kpa, C=0kpa, ¢=33° R AR 86 CafE T A ibke
WG RETHER
Vam Impe (1998) 0=<0=20kPa, ¢ =20 kPa, ¢=0° 24 1834 A% R QG AT L E N RIS
20= =< 60kPa, c= 0 kPa, ¢=38° Al
20=<0=60kPa, c=20 kPa, ¢=30°
WPy (1998) 12°~26° 0.45~0.02 kg/cm2 | 4 % B 7 7k STk
BRE T (2002) BE A RET A ¢ BaK 9 55 B S Uik
¢ (kPa) =-23¢+81+17
A (2004) 38.9° 1.054 RBAIBIRAE B 7

224 BRENABRA

EHEWTRAMMGEH RO BHEARZERT - 254 BE LAY - BK%H
Mg keREREY (B BEE - FZHTO - RT O BT L) gk
WA FRAELER -

Singh and Murphy (1990):% #3235 5 A W8 © 5 AR 60m ~ 3k b 3 1 1~ 3gnk K3 LIBR
HEKHT 77 38 B R 192 KN/m® % > 48 4 1 38 38 38 4% € 47 =T JE A 7L 5 A2 2 % & 7 68m >
YR B (1.5~2H1to 1V) > BAn #3523 (Su vt 96 KN/m?) L2 » B T 460 i 44 4%
RpHioh > BEAIHARN S - HEARD TREEEARRIFABERRRAR > R
R 2R B B & & -Schumaker (1972)7 35 % 35 /K /1 4148 24.5~ 39.2 kPa; Sargunan
et al. (1986 4% 4 Meyerhof (1956) 2 £ FUK /1 qu = ¢/40 (q.1h i35 a4 X B A RB M4F )
HAFAERN & 29.4~39.2 kPa o

FERECHHERIER B AAFZBRAGEEE > AFRERANA A HEAREZB

17



F(1996 ) i — B R A GHERB Rk I LR AEB RN AEMAREX K EFf SPT-N
BH —ELLB4 o

%27 WBRHIGEEREHEFELE R > 199%)

LA | KZHE Um)|  LEAEM K 2§68 (Um)
FhME +IE EPE 3E

e ER <500 R 4 < 800

% 55 500 ~ 1000 il 8 800 ~ 2000

b E R 1000 ~ 2000 FERE 2000 ~ 6000
ER 2 2000 ~ 4000 P 6000 ~ 8000
BEBRE 4000 ~ 8000 2R > 8000

B 5§ > 8000 AR 8000 ~ 10000

23 BiRET MY

BAIHARIEREGBFARER R, ZHEROARAR  ELHNREHIRZNEE L
RATNGHEMELETFAERAE -

231 RESHEFHH

i%%%Aﬂmﬁﬁﬁﬁﬁﬁ%&%Wﬁﬁﬁﬁuﬁ%%ﬁﬁ ﬁﬁ$l%ﬁ§%mﬁm%
PR AR Z IR E > XA ARILKE - KRER FILREE IS Y BEA Atk mEasEsE -
HE®mey N URAR A KERE G SEERKE » BARL %)@Jzﬁmaﬁk o — N AH Y
RIEBAR AR ML kB R CHRRIBEENYE  mABENHIET T KERK
Vet R mERRGMAE S BERHRAANRMERRY A HEREL -
Pandeline et al. (1997)3% & b EREALAE KNG 3E mmm3g o LB 248 MG 8K E A
% lERAK

&2-8 RENWALER

B R R Site Gs w (%) | TR R h— E3E M
Tay and Goh (1991) ¥ Ao vk 2.45 - NP SP
Pandeline et al. (1997) BB EE | 255279 | 15-21 - SW
& 72 ¥ % (1995) P 2.65 24.6 - GW-GM
#wEH (2000) AR 2.6 24.5 NP SW
% 4% % (2004) Jbi% 2.03 - - SP
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73 3 2.02 - - SW

A Ak 1.83 - - SwW
16
——BA
15 +
-B—FA
14
% / \ —a— 40%BA 60%FA
2 13 A
= ¢
=
] L
2 12 /
S5 11 b
- /./—.\
210 -3
9 ./-/

8

0% 10% 20% 30% 40% 50% 60% 70% 80%

moisture content (%)

W27 ARALHEERREST G

Muhunthan et al. (2004) LA R ] Lo o) & 7B L ALK TR E S B A 5 178 1 AR AKREREY
B EHEAMNEL  BBEBETERETSRY - BLERGK ERERDR S RARE
FE (Jama) B K 85 78 3RBR B IR AT Yimax 40 B 15.4 KN/ & R B & % 0 81 5 424 K §(OMO)
AR RKREEOMC FHE45% - THRFERR > HREMELERKR 2o KEFBRRGYE
b RERNRBEORBR D AR R RBRAKEFER - -

Goh Anthony et al. (1993)#] f 12 & 5 KB Jaman & OMC> 5% % 14 kKN/m’ & 30.7 % - 1% 4
By t B EAFARBISKN/MI UK BN REM E/E AR AR EZAMGER — F &
HE D EANEL TRV ER IR

232 RENHRGHME

2 F(1995)F A B & BB F A XN A ILRUR BB GEHEME » BRIKERZKRIFR
TFTRY4zRZEAR LR > ehoE BT E4 0-60 FBP TR 4 90 %2 B4 5 » ST R > B2
S ER AR - THHREATERBAFILE > BRABLREHR K cc s B
0.18-0.26 ; A E A/ 0.043 > sBRGBHEMBR—KIIELME  MEAXBRTEREZE £ o84
EBRABR T SN BRI cr 44 0.0045 - BB RGN RS 2RS4
HEHBEHRPERKR P EARABRELK IR NEZHFREIAR > KE—RILRE
LA —ZHES -
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ESUR(1998) R e+ ¥t fisfo ~ BERMSE =R ERBRBETEQERE R FREBIHER cc &
% 0.003-0.068 ; = ARI5E cs £ 4 0.001-0.011 - BRI T 2K ED ~FLRIERORABE R =
BK 0 BERAE LR LA SRKBREERZ LG ER © M EILRLLT » &ZARD KR

JRAEIER  Sb 75 BB 2 KAE B 4E X B R B FRAL R ME G Ak | BIH RBado £ Bk B R
FRPE ST AR A S o B AR IR B L E B

JE5h > Maria (2004)33 2 A 4 @ $HH BB R R A BE > FEEBER - A MM
F 5 HEIA  REREE S AR Mo R R A AT - B TR S AR
TH M o

233 REWFHBE

E2RPENONFANAEN - ARNET R K= RBRKREEEITNRE > wk 25
T R AT RAMEBRA AT RERAZERBR D EEZRBRRANEER
BTrRABMRTARAMRZBRSGT > HATAREZER D —RAYRTHAERETA
BE c BREZHEZER BB EEENEZEAYMAAT 40 0 Zs3XEAAFZNER A%
SRNETER > R IIEZR LI R TRABRREMHEARRYER
MEsh P IR ENGE R ALY RN ERABEERZ RS G TP ELER-
B —FFRAT > N TN BREZXIFEERNEABT I RERRAE 2L K 3D HEANTIH
N3 > B = A8 i8 e MR AR 3 L B -

(29 FARABBAFZEETHBERE

BT A ARBEAT | HKk=%4
w (%) 5%  15%| 25% 15% 15% 15%
% (kN/m®) | 1275 13.12| 14.25 17.76 12.75 13.1
¢ (kPa) 164 165 306 82.5 13.6 15.7
é(°) 343|324 408 47.9 34.1 36.5

2 ST (1998) 4 A 15x15 cm R~F 2 B 3 & AT K& B3 35 ATAF R B 695 R /1 4 6-14 kPa >
JERR A #25-43° c AR AR AT ERE BB REME > R T H:BRE P RERR
B R LIRS AR R BT A B 0 A 3R A A 3 o T3 3 o ol SRR T o
BICERZTNBEREMERFEAD L REE 2R AR MEER - BRMERLE - BBk
WA EE s BBRARBNY - 2T BTN ELOESEER R BRR R @AEE
BE S LRRABEEERERTEQRANABE -
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24 b MR aT HBES K

FAMKAZSTHAZTROREFE G 55 AR LEHIT A AR 8130 T A o

B 2-8 Arow 0 Bt 4o

W T AT S M T A B 2N T ARE 29 77 i E T =A@ T AR

R REERAEBINENERIGEIRA  TANIT SRR R ELRS
BERBRZRZEGHEERN— EREALR@TARDTREY A8 T &R
MEELERD > EHARNER LHRZHTERMKH (EETIEKRE) AILRITK
I R B E T U TR -

WA 9L+ IE A d|

Ih

: | A - S HEk A
Cb oh

TR R R

I

W28 MrEAzimBEsE (EEH1999)

[

T T
4/- ___./'
—

T
TR T T &R

29 IBARIRFBHRAR (R4EHm - 1999)

THSELBE S IEAEROREFARAMEESEA  #E 5 X

# Z 3, T4 pi B (smooth geomenbrane) & H #2455 A8 B AR B 4 A 8° > M &k M #A (textured) 3t T BE

A H SR RS R A

7T i 3] 25° Mitchell et al. (1990) 2 51 % 45 & 1 @ #F R AL E IR A <M H A

G BN ' B @R EE %% m Kavazanjian et al. (1991)#2 Yegian and Lahlaf (1992)
FRAEESEBBECHEARTEAALEN L HREAFERERALZE BRALLEAR
T AR A R AR AT B E A c HEAAMBE TS TR LA SR EN @R
BA AEAXBLFARA>ENGBBAEDERA > BIEASHTHO6CCE30° THLS

FRAEN®AETEE
(Augello et al. 1995) -

B RAMBRE - AHTHEMER LT 5% E N4> 44~83 kPa



AR 35 Martin et al. (1984)89## %2 » HDPE b T g A viiab 2 B o4 B3R A 4 18° » PVC b T g A 91
Bp2 [ e BEAR 7 #) 23° - HDPE sb T Ay 23 T kA 2 Pl 0y B4R A #9 6° - 11° > PVC b TR A
Py T B Z B G R A K 11°-24° « 4G R BIRMET > Hfu b @b T L KB 0 IR A
R# £ 17° - 25° R (Koerner, 1994; Orman, 1994; Stamatopoulos and Kotzias, 1996; Liu et
al., 1998; Stamatopoulos, 1998; Luellen et al., 1999) - £k 7 Fukd & 3b T ok K BE &9 06 3R A A
42 19°-27°2 1] > % ARJE#E f5 £& 17°-24° 2 Fs] (Luellen et al., 1999) -

ARG R EARNER I EFER BT N BERGCLXIAT A ®RER KA RET A
BERBBRY N BRENRE > ABXIEEINBERVIHR -  EFLHE > AHAMERAA
Foe  FHRAGOERNAFNAEHATRBAFIRET N BEFEZER TN E 24
BRAN LS e R EFAEIARRERDRMA Y RET /% E & FIK (6o he%) GCL o 45
WERGFE) ABIEF ARG BFAFTH (R EGEFS<1O)eTRMEAALEZ R - Bk
R ME KA B AR R R FRIA R AR RS R ER G TATH » R EATR R
AN HT 5 #2450 Duncan (2000) 77 32 o9 #% R 3% 3 ik > 122 B e L85 R 89 % & (Thiel and von
Maubeuge, 2002) -

% — AT A AR B R AR AR N 3R R M S AR AL o GCL Al SA R 3480 N 38
REE > TREM DS EE T ERE AR LT Rt AR FH AN E
RAFS2 10 eRMT 2GRN | KT - SR ENE LTS o 2R R A
BBRTF o BRAEERTERRE » B E R BB 0 ER R AR — % 2 H W
SR TR AR PAA B W EGHFR

& 2-10 B % & DUAR I 2 4 B Oy (ASTMD5321) £ 3% 12 Smooth HDPE K 3 1 i 7% B 2 £~ $044 -
Martin et al. (1984)BF R 453 > L8 T b KB Z R0 BIR A BN L8+ 2 Ry BIRA -
#o Tk AR BEAR N TF B 0 g L L 2 R &9 B4R A AR/ (3w HDPE) - Mitchell et al. (1992)35 #; 1)
BEBAREIHEARS  BHEOEE - LEHSKILHA —TRENFE - Williams and
Houlihan (1987)#t A& R R A0 3B R KA M A T HIEM T KB BB AKRB YL
17°~27°F » M L3818k My a2 4% A T 3% 30° o

#%2-10 HDPE R&%ES$#ME (FIFF - 2004)

Geosynthetics | Soil Test On Shear Rate | ¢, Cp Reference
Condition | (kPa) (mm/min) (kPa)
Sm HDPE sand hydrated 20-60 0.0025 26-28 0 Koutsourais et
-0.25 al.(1991)
Sm HDPE sand saturated 14-100 0.127 17-18 0 Martin et
al.(1984)
Sm HDPE sand saturated 5-25 0.3 19-27 0.6- Williams and
0.7 Houlihan(1987)
Sm HDPE Sapolite saturated 5-25 0.3 21 0.4 Williams and
Houlihan(1987)
Sm HDPE clay saturated 5-25 0.3 25 1 Williams and
Houlihan(1987)
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Sm HDPE sand drain - - 18 0 Mitchell et
al.(1992)

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

WIASMMBEIEN BT N BESHEE W IHAORBRE ™A &K £E > Mitchell et al.
ZARNIEENBFERERAIMEAS BN EORET AN B2 BEFE - Martin et al.
(198)F A R B L3 ABARE LT A M AR T H R @ 58K > ok 2-11 > H3R
MM I EANRERBER AR IENERA L ¥ XL HDPE . T A R &
BEARD -

%211 I ARHRLBRBREER

Soil type
concrete sand Ottawa sand Mica schist sand
(¢=30°) ¢=28°) ¢=26°)
smooth HDPE 18 18 17
geomembrane rough PVC 27 - 25
smooth PVC 25 - 21
nonwoven needle-punched 30 26 25
. nonwoven heat-bonded 26
geotextile woven monofilament 26 - -
woven slit-film 24 24 23

A E B(2000)4] A 7Y #3R AL BUR B 8P 5 TS A 4T A Rod@ B 3T 3B (30x30 cm) LA IE 3
R E RGN  BRERET Rk 2-12 R @EH 44 0-7.08kPa > Fam/EiE A4
% 19.1-25.7° c &R BBARE-HTEA REN LIE- b TEA R G BEESME » 1385 S KeyiF
ABEmERDYNRETHE RERNBRZARKLESABREE MAERAHE  £LEd
BAVERT » REGHRAMITEAN > AT EFF > W TEAH E A SR o @8 E R e
NoORBTHENSGEIEFSNNE > LEARNETANKHYRDERNBE -

(212 BRERVFEBIBEARGHHRE

N
o s R % B8
mA | RHERD%) | ekE W) | p
1 60 0 5.52| 19.1
2 60 20 7.08] 19.9
3 80 0 2.04| 24.6
4 80 5 0] 243
5 80 20 1.5| 25.7
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2.5 HpiiG AR RS

2.5.1 S WHIRG R 5

FRZEESEBRBEON T RS TRADBBIEE SN AP &K% BH@E &R
iR MR FHAER o MILBEH AT IREIE B RK M S AR (DR & Z-F@et o T ARE
PEESAZ 0 SLBEHR @ SR AP R R DR ARG > B ERXHIR S QR G R

—BWNH > THAMBE X DAL PFHRERE A - RERPFEERAAZ RS WITAZE
B UM ARERAEERARBELGAITARIESN 5 o

PR IR X AE R M RERL R R FEXABTMN TAL EASHEFRFIAETH
R AL il ko J5 (B3 T > 1990)

¥R 2 LA AR AT TR TR AR B A PRI BT
Wik MERFRAER o MLBEFEATRAE B KMo AR (DEED 2T EE > THK
BT 2 AR ® SR A LR R RRERE S  RE A2 QD

2B THRAWMA X U R TFHRELRZEGH - RBRIFEELELAAFEEMITAZ
BE S UNARARAEERARBENERGRITHREN A -

—~EREfE v

67\

R EREES TR ENERBOEE A A L2k - B3k 2 B EHHOE - RIRE
RREBERBEZRZFGHHIEE > A PR MER ASKZERT > LAREMELERTEZ
—BAERB - BEMELERZGHERE T EXBREMZHEBRE HERYE -AESHK
BEIMKAEEEREAES > MR AAERDXIHEL TN MXROHETHRER
MERIEGPTIES - REA AL AHBEOMBAZTAEBERAGRLRAEELHRETHIN
FEIL MEEMBAAZHEREAMENTRS » SR ESHEBETHZIH T KE
ERBBESHE AR EFRARAINBR—FEAKTFAEHEGEXELTREEE)
e EAE RS2 I LTSRN c MBRESWEA —BABAABLRTZI AL Bkt
Seed it —BE N ATk WEHUBHAMER  FEAWEINRZRERS > ZRaBBK
FMAEBBERTXHE TN BE  BUARF—BRASERSHE -

AR
A

252 84K ke
AR E A R TR AF S LIEZESRBERFTHERAZI T RARERZ AU ERS
P2 BRI E T AR AP R R RIS STk - LR R

PR KR A 0 B gh R A B ¥ 48 A 2 ik (Terzaghi and Peck » 1967) - 3B 1 B 474
WAERZ oM OBEREES A AP REZHRRA A (DARKREFZZELEZFTEZAQ)
B i R AR AR AT AE 09 13% (Fredlund » 1975) o 1% 4505 414 T 15) 10 &40 B #4473
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% :Ordinary ~ Bishop simplified ~ Janbu simplified - Morgenstern and Price (M-P) ~ Spencer ~ Corps
of Engineers #1 ~ Corps of Engineers #2 ~ Lowe-Karafiath ~ Janbu Generalized & Sarma % - %& 2-13
BEIIR o ik R T RN 0 & 2-14 B &R AT AR Rle 1 948k o & 2-15
¥ FEE A ey iR 45 0k ¢ Bishop f§{bik ~ Janbu & ~ Spencer % & Morgenstern-price & °
NBHEAFIERER M -

%) 2-13 BUIh oz #h &

Method Moment Equilibrium Force Equilibrium
Ordinary Yes No
Bishop’s Simplified Yes No
Janbu’s Simplified No Yes
Morgenstern-Price Yes Yes
Spencer Yes Yes
Corps of Engineers #1 No Yes
Corps of Engineers #2 No Yes
Lowe-Karafiath No Yes
Janbu Generalized Yes(by slice) Yes
Sarma Yes Yes

% 2-14 Bk ok & BBx

Method Interslice Interslice Interslice of X/E Resultant,
Normal(E) Shear(X) and X-E Relationship

Ordinary No No No interslice force

Bishop’s Simplified Yes No Horizontal

Janbu’s Simplified Yes No Horizontal

Morgenstern-Price Yes Yes X=EM(x),user function

Spencer Yes Yes Constant

Corps of Engineers #1 Yes Yes Inclination of a line from
crest to toe

Corps of Engineers #2 No Yes Inclination of ground surface
at top of slice

Lowe-Karafiath Yes Yes Average of ground surface
and slice base inclination

Janbu Generalized Yes Yes Applied line of thrust and
moment equilibrium of slice

Sarma Yes Yes X=C+Etang

%215 B4 FiEz e (B 0 2001)

AR | MARI AN ZEE LR kB ke
Bishop ¥ /7 TL=TR >Fy=0 AR IR
Spencer @l /1 A8 47 LFy=0 - EIAEE N €
>Fy=0
IM=0
Morgenste | 3 /7 T~ iE¥ /1 E R E /1 PW ¥ & XFy=0 N EI RV E
rn-Price 2Fy=0
IM=0
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Janbu T~E#£E » HIto#eE > 2F£EMR | ZFy=0 B 31 & 3k [B 3iak 38
B RBAREH RIS B4R 2Fy=0

253 SR REZZ =G EXR
ﬁ?ﬁﬁ?L&“%&ﬁ%%urﬁﬁiﬁ’ﬁ%ﬁyﬁm%T BHEERT » ZnHr
BEARN &R > TReksE (2005) SR U= 4EnHIEFTFE @ AR TIREERZ
=@ AR (B AR SHRWBEIHRZIBZE - Hb TR =_QEHE
Es= (F5-F,) /F;
HAYR3 AT _OERY G RASBRERLIZEETM RAZARAM O G ER>4# -
AU FE  RAB@E AT Y -
i T T o &
. BE=ZMEXERENFGEMEE BFHREL/S - AR GRMARLIER M
A B2 B ET Ak o
2. TRGHBEENINS~I0EZER @B EHEEAE - T LEAN 10455 E 8
@B ERAREE > TRA S ERE -
3. EHEBERNEES > FT HEMME S EREALE S ATk ERMER -
MEMWAS  shRAHBR (oM RAEEAN ) L4884 10°~75°%E 5 B
REME  BTrERBTHBR_aE ST AIK-

4 ZaEBRERLERATERER R ERIMAFIZBE - HEGTHTT A
ﬁ%éi%ﬁﬁ%\ﬁm%%ﬁ%kﬁ HR @R H M E > EBE TR TR
W # B IR AL
5. #HBRRAZFHEBEANMNT A= EHRKANEEL R @M=
B o
254 FHRE R

SHEARE R AR R IRAS AT EWN 1950 FR O —RER BB o T REIET S0 £
b8y % 4 B R AE A AR IR T4 542 X A - STABL ~ UTEXAS4 ~ SLOPE/W ~TALREN 97 ~
CLARA % -

HFEEXOEEHA LS THER RARGE > LA LELLRAFRRE © 55
HENBERBEYHAERIFE © 5 9 0 Pockoski and Duncan (2000) 89 #F K 4R 4 » 414 &4
UTEXAS4 ~ SLOPE/W -~ SLIDE - XSTABL ~ WINSTABL ~ RSS ~ SNAIL & GoldNAIL % 5-#¢
Boa s o 1 EBRERIET AR AR 2R SRR B ERFEL T AR
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TR S# > ok 2-16 FT o

%k 2-16 5343k 48 € 54 # X 34 & (Pockoski and Duncan > 2000)

UTEXAS4{SLOPE/W|SLIDE| XSTABL |WINSTABL| RSS SNAIL GoldNailI
Accuracy 5 4.5 4.5 4 3.5 4 2 4
Program *
Compuation Time > > > 3 4% 4 2 4
Time to Enter Data
&Complete 3 5 5 4 3.5 3.5 3 3.5
Analysis
Ease of Reinforced) 5 5 5 45 4 35 3 25
Slope Design
Ease of S-initial only-no 5-horizontal
Unreinforced Slope 1.5 2.5 25 final design 3 reinforcement| 4 5
Data Design capabilitties only
Base of Soil Nail 5 5 5 5 4 35 3 3 35
Data Entry
E: f Tieback NoProvision for >-horizontal
ase of 1ebac 2.5 3.5 3.5 . 3.5 reinforcement] 5 4.5
Data Entry Reinforcement
only
. .. 5-horizontal
Base of Geogrid 2.5 5 5 Nol?rovmon for 4 reinforcement| 3 35
Data Entry Reinforcement
only
Slope Face 25 35 | a5 [NoProvisionfor) 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 3 2 3 3 !

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

1-Poor  2-Fair 3-Average 4-Good 5-Excellent

2.6 ®3IGFRW o

AR Z A 325 G o4 143 A FLAC i#47 » FLAC 14 &7 % 38 /) £ 22 3% (Continuum
Mechanical) » % 3% %] ¥ #2 X, LA 9N 88 A& R #£ 4 7% (Explicit Finite Difference Method) 2 K #2 » & 7
BERENEFBEEZRAFNGAERAETZERFEOBEEER > HIbAER FORERMR
HAfbz el TR AG Y > RIFEATTHMRERELEE  REETHMAHEELER L
F A F AR o

FLAC e AN R TR BME 742X - FLAC BXAARGEL SR 4 A HBEG M

TOHERAAREANLHEG TR E AL H IR T4 S (Out-of-Balance Forces) » #] i bR

FEAARHEORE 2 LEAHREM S RATH BB (B 3-11 xR A —FH @

HEEERME > &8 ek E 5 &7 A JE % % (Strain Rate) > BA| A - RS @S5ERZ
27



RN E > ERILBEANEXTEHGESRFHS > b ZXFRBIITILEE S
HIGBRANARTEAZI —THEHEIERE AL o b4h > £ FLAC X7 #HEH
JENGAREN A E > MUAKIEN B -

EREN-EGEEA T @ FLACEATRETH L ARG ASE AN BERAFHRA
EREEmAEE > FE2TU>AEBEK(ZR -~ B BH):

1.2 R R
7% JA#: X (null model) * F LAAE 5k B2 89 8
2.8 MEA R,
(a) Z &KX (isotropic elastic model) : J& 77-J& 4 B 148 4% & %, 42 o

(b) & & &M X (transversely isotropic elastic model) : #+:kH¥E 42 v 4 &) & %
BN BEEFE=ZFGRE -

3.8 MR R

(a) Drucker-Prager # X @ & — &M abFE P FAZHIFHAX > MELEIENE
A FE R IR AR R I AR RS A UK R IR A R AT A

(b) 3 M- % M4 X (Mohr-Coulomb plasticity model) : 2B EMHE X > HFFHE
M- Ao Ak 3 2 B $1 9k 3% 40 7Rk B (non-associated flow rule) o« (R K e ) ©

() #Fr#p AKX (ubiquitous joint model) : F| A — 4 7| kN E H-EA TR (solid)
B mARA RGN L -

(d) &4 #Ab/sEIbME X, (strain-softening/hardening model) : F LAA% #4152 #k 1k %,
FEALAT A o
() HE& MRS ARAL/ Atz 4 87 3 A X (Bilinear strain-hardening/softening

ubiquitous-joint model) : b X & & T & % 52 1t/#{t Mohr-Coulomb # X Fo i
EHEAR BRI OKG R EHIEZ SN -

() 44K 4# KX (double-yielding model) : # Mohr-Coulomb #71:k} & 3 hu — #1152 54 J&
GRMOE R ABRBRREAGE A MR AAEBEERGITSE -

(g) 15 IE4]#5-#5 £ 4 X (Modified Cam-clay model) : g8 X, 38 A # B % B F 4 £ R i
PEBBEERE > MAMMPETAERT » FEBBRITREB ANk 2 H
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BN R
3.1 HEAR

KRR GIEN  HRG SRR R RO L ETRE > B 6 F LR
KBTS o Bl B 3-1 P2 L3383 KRR 4T HeREE LR 5H) ~ %
B (o B)~ KA ELE AN ARER 3-2) 0 ®IT— 47BN HH > NEH R b
B M350 R A R 2 - SR 5T L(a/H, /H, L/H)E B R T B ee B &4 T SR
S~ BB R B AT EME RIS 088 M A sk e R AR 0 DA IR 2
A EI R HGE TR W S A e R RS

KB KB A B o & 31 A -

o [EKIE

-

e
~
//

()83 | 18 3B B B ) (b) &% 3 & A 7 FELK A R R d
B 3-1 #RFF/EMSHEHFTER

%31 HEAZERE

i R A AR SLR R E SRR 1 AR HT

F—F e RHAFRK [ @ GEkHHiRR 2D ISR B R E A
® PHRFLERR ® miEMIEMM-/EL | ®  Slope/W

B | O ATAFRSG e REH iR 3D G R % 2 BB
® PRI ERAR ® fLEmimapM-HE | @ CLARA-W

E oy
R 2D or 3D #1255 % T B Bk
o FLAC
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B 32 #RRESHBAVTER

3.2 KA HHH ik
321 BEWEREE 54
1. —#&EE4 (BI3k) #H4EFH % (NIEARI24.00C)

B EL A Ry FA AR S

oL Z WIL AR LI R R AR AR Rtk TRAEAL  BEAMEARTHEE
IRARBLIG AT > URD B ARy R A B ERFEE -

RIBFARES A THARBRARGNSE > BBMELAR T A &R 28444 5 3. k%
FEEAA AR SR 6. R EBE TR A B A 0 8.IFRA B R 9.3k35 4 1 10.
HieRpd (ME~2E) 1154 (4 Smm AT~ 5K) % 11 4 -

2. —fxEEY (WR) BREBERLCHE BB ER TR (NIEAR215.00C)

01 xHFARZIFE (05 mx05mx04m 5) 288 (RFAREMRAEHFTR
ZHBME)-

3. — & EEM (BR) Ky BlEF ik (NIEAR213.20C)

A EEANRESZIBAR FEAKSZB T RERRSZ IR REEEENES (4
R~ KRABRKBREILY ) ZKSRIE -

322 BEYRMRR
l. BEMRWEET W RBRCLHAT)

A ERMERET HRsk AR E AT AR (Inclined load direct shear test) » pb— 3K
BB ABMARITE MY BB LB o Kb B AR Nk tAst A ko B — om0 K
B 2 B E B N2 & (ISRM)E 35 2 2 8% & 22 35 # /% (Lama and Vutukuri, 1978;

Brown, 1981) > ASTM B #3830 & 37 3 A A 86 D4554-90 758 7T 2% (ASTM, 1993) » R A A2
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AT
(D) #mwEG A EFAERE 4T84 10 54tk a2/ 0.05 mm 85 Bp 77 &
TTF— 8% -
(2) 4s A Mo mik F ARG 0.1 mm/min > K5 5] J& /3% ho T B) 38 A £ 1k B2 R

A2i 0.5 mm/min > 3 J& 7 3£ O E A A3 T E 1.0 mm/min > R JE F) T
LAk % AN 0.02 - 0.2 mm/min 2 A Z 2 e B IR A- S e 4o 3 e ho

BRFEETEEORITENEHGEIENASDETAFHE AN 2em 531 » 2R
T i AR REE R o B E 5 % F 3 20% 00 B4R L
() BRFEGHRE - WA emint FREEGTFHZA - REERT N F 0

TRAEAS QO pEZ A4 -

At ER-AEEMAFE > SR E R T XX R+ A 90 cm X 90 cm » A —
FARA AT w 4R B B @ A 50, 100, 200, 400 kPa (# 0.5, 1,2, 4 kg/em®) 2 R B3 /135 - 1%
BRI RAER A AHA40kPa> TR EEREFEZVRESBT A ERFURARIKAERE
EV3BTHAEERRA MG RABDBFIFEERRER M ERAALKANAHE T LVD A
489 LOAD CELL M@ f &R A A TS ERALR - A3 BRRAMAEZ WML A
6 /NBF 0 WO FAKAE A F R REFR] o

RERK MR R
v v v v v

e
B33 HABWHRBAGHZATER

2. BEEM TR E AR

AJBERIFA E K 90 cm x 90 cm 0 BE# 2.54 Ay 2 MR AT - M EHRAIE LM
YE2 B3R & 0 2 EBA KIRBG LRI E o 7 EARSKAIE LR T H R BE BT E4E -
JUREST RIS A 4 B A TML 8 #ig > 742 10.0 2% > & 0.001";A £ 2 FF X &
H(LVDT) » R K7 -F4Rva 8 A %) R ah 2 2 Bt S AR L o B HBIRAEE 50 B2 o
BEX BB T T TREATho$k o B 1 ERX M4 A £ B INTERFACE 2 3] # 3 5 8 22.7 #(50 kips)
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2 EF X% EH(Load Cel)i /78] - BTH BB 4 448 8 A TML 2 3 4 & 2 Data Logger
A B FORHRIR & S AT WMLk o SRS B T

a.

h.

%iu%fﬁﬁ%":l}_ : ﬁqm%i#&%%iﬁ%%%%iiifé ’ LX/\'I‘{I%":F%;‘%’KLE , jﬁ_;}'/:\_;g:_i_

&Egﬁ@éﬁ&:ﬁﬁ'?ﬁ&ZE /‘1171(-‘:]:'- 9%&_%& @I’X/\l'ﬁ%%ffﬁé g’,t:é_}% ‘Qa,gj‘ ’ jﬁ%{gy’tﬁ;},&*; .
HES s BEBE

W ho HEARJE 7 * SRR AT AT A Ao TR ) DRk TR E 8 BB AR BT o MR
DRI FATE 0 A AR E A 0.025cm ~0.05cm Mz el o4 @ 24k B E(T)
RAHBZ G R TFTAEA £ 2 Wb BB EZRE2— F(T/2) X
SR e B LIEABR S o

HEHE PRI RKE AR R BRG EH BRI LRI T T -
S@REZ WM B0 8 5 05 min +% 1 min +5 & @48 3 min —%
B SHMRALB S TR TRZIUEEL X -MELTRTEFH NI T ERE 3
88 0 BT R 0.001" 0 RAFHE I QB A) A £ A - BRF
EnBRAED 15 g R RN LA E -

RSB A SO o BILR AR 1'(25.4 mm) oL EE Bk o B
55 o

PR BR AR RS e AR BATE R ) R &M - BRMBBEFE D 1S psgEF
M ARE R 3 H4 o B I 0.001" B ok -

T 1 5 TR SRR 3 R BCRBR AL B F 7 540 5 HN R Y % AR E R o

FAR R E R R) AL SRR AR R E~ L B M R 3R RS
%3% 0.5 ini‘ﬂ‘*riﬂﬁ@%&é?ﬁﬁ@??&%@ﬁ(qu) s j,’z‘ﬂx*ﬁ]z&ékﬁﬁZ'_;F?]E#F?}kﬁﬁ(qa) )

B 5256565 .

S

- '.h gy : Tl “.

B 3-4 PREERBAIGFAKA
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323 RETRMWME AR

RO AHR BN ERBR R AT R - RAEMERROSRB oV ~ b ERER - 4KE
R AT KRR L3R5 Bk B %1k B8 CNS R ¥ ﬁ o 4k ASTM . $¢ 4T
EERERBASERK - MATH %ﬁéﬁﬂﬂzlﬂéﬁ&ﬁzﬁ THRIAFEHTET & -

LR B RAME A

RALK B Z AR ARAIRBARF BRI PT ot 2k F M ALK B R AR iR (NIEA R119.000) i
70 RRBEA+ZFm A+ B AT TR LR (AT B AR RAMEE © AR
AT B 240 35 0 A Em AL 5.5 A BIIBRETIMUAEAE A A 16,000 3L AR o BB R
24 MR G X AR AUR R AE A AL 0 A3t RENR > BIER B B EHRIZEN S 450
N

BAE AT » #R3% Collins (1977 & 7R BB AN 1.5in AR REE R M B AR K EREFR
RO BUAEESERBERTHEE AL B - RGHRHI% > RY S50 NT EANGLEZ BB atEs
BRILA S 0 S KER K ©

£ 32 BRHILBHRE

FiET | kT | IS BIE R 8 SHELR &
i A A A
EHE (g/em’) 0.94 0.94
FaE (g/m’) 373 100 200
+30/-20
B (mm) 0.9-1 0.85-1 0.32 0.4+0.2 1.67
AL B B (mm) 0.25
BRI BE (kN/m) 16 15 4
W HBE (N) 138 135 110
HUR F 38 N) 352 270 150
apparent opening size Ogs | (mm) 0.25
BEBY (cm/s) 0.15
wmELHSE (%) 25 2
WA (FFRE) Mk §BHERRCHHDPEM Y > BARE A I mm B | TR

;m%%@ﬁ%ﬁmﬁﬁéhq%ﬂm&lmgm,%lﬁﬁ i A @A R4 % 370 g/m’ o b
WA R E 35 HAER K32
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(a) (b)

©)
B35 RERGAFRRERZ T ASEM
@FFEAH ; (bt TBA ; OIS ; (DRBERESH 5 H4ILFREH

2. AR

REATRBREASHKATET A R IH UGS TR EGRE TR - SRBFBELEA
HENMARRELYABIF-F @ T X > AEESaTY  ABEETELE® - AKX
4o 3-6° RT3t 4 10x9x2cm> # EARRMITARMEBEER— (e BHRULE A H &
BRAB I mm B > REAFRE R E AT AT B > BT 1 64T 69 R AR 3X
EHER > k@i 2mm BEQEE > UL TRBEEZIARM > Rkl 37 -
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(a) (b)
B37 ZRATET SRS QLAR : (b) : AR

AR WARGM R A AT 304 0 Bo bR e 4 R0 AF F tofp) 698 EA S 54 0 4% 3/87 #:(9.52
mm) S EFER G 0 R EZRAT AR E S Ll Bl - RARBEHRHE - &
BRIFRESTTRATHRESKERRARLE BEAF AR AR GARE - R A RELHE S
RAERFE R SKEMKREZ » ABRERBHRIEFEB AL ESHOREEANREF IS
BAEFEERTHMMEN » REH SN ABEZRYEE -

REmAZ 4o B 3-8 0 B ik ASTM MR 4§ 84T RE S SRS BBATAT ABRUARFRE
ZHABE S REEARREATIRES T F AT A R BR B8R T BT T LR &
R EERLE -
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E3

pick

3| @
T BB ASTH D5199———— | 34,
# o T4 KR IR R T
y H
k3 %4 &3 ASTH D5261 | R
4]

E3 ARG E| | Kk %
o RE R AR IR E 3R — ASTM D698 — AR | A "

m ASTMDI557| | ASTM ASTM \
¥ D2435-04 | | D3080-90 | | 3K
— RAZ 5 HF (7
ASTM  D422-63 =]

K ERR
ASTM  D2216-92

b &R
ASTM D854-92

FTA R KB
ASTM  D4318-05

H 3-8 LR

KARREAE TRARRE T RARSHFIIHZRE RSN  FEBT RSB AME
Wl — 5 g » MR EA T 7] 5 B /T3R5
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2.8 A WYSWYG # R, » A7 & Bp A7 45 (What You See; What You Get)-#8 7~
WEESE - THED  HLEERREHNL
B MERTHEFLSHEBESHERAZLHE

TREMTEE LR ~ tbifo ~ REE A URLRBEZREL - FH @I KOIE AT
Bl o~ FRRFEHE -~ ARSHIRERITER o FUIRE KB4 E N L35 FLIR KB AR B ~ RALER ~ 7L
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%35 —BEEFEEV/IIHREIGRT

4 H(m) L(m) al®) B(®)
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— MR IS R m XM E ok 3-6 PN o R EM AR LB AR K EAE IR A
DERILIE A R BN RS B EMZ B E > KR A TREA 10KN/m3- 7 4 >
ARAR XBK & 564 BQRO0T)EHH I B O ~ 47 o325 AT RIS AR B3R5 o K431
B3 E 5% ¢ =33.55 (kPa) » ¢=32.07°2L & ¢ =34.9 (kPa) » $=37.9° - RFy & K& 6 F31E » &
BERBEEMRESH c=3434 (kPa) > ¢=35° —fx 3B B E % 16~20kN/m3 > Mk
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AT DA B E A3k 20 KN/m3 o BARIE B F 5 (2004) 2232 B 9 TRk © 43 2 & 7% @ HDPE 36T A
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B3R & (Waste) 10 c=34.34 9=35

— M S8 8 By A2 X3AT 0 o4 H 0k 0 Fl 8k A Simplified Bishop ~ Simplified Janbu
Morgenstern and Price & Spencer % v9 #& 547 75 AT 547 VI R RIZXAER A 75 £l @ /1 & B8
78 (Side Function) ¥ - #§ ok #3% & & ¥ iE 7% % # (Half-sine Function) ° £ % #7 3% & (Analysis
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S S SHGRAMEE
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RAETARE | L(m) |20+25+30~40+50-60
g B(m) |0-05-1-2-3-4-5

a(®) | 3045634375

B () | 26.56(2H:1V) ~ 30 ~ 45 ~ 60
&3-10 RSB IHHRSH

% 4 & (KN/m’) ¢ (kPa) é(°)

# % (Weak Rock) 24 5,=245.25 )
W T A (GM) 20 =0 5,=15
138k (Waste) 10 c=34.34 $=35

3242 =S AR T M

AR Z = 454 E n#rik A CLARA-W # 82 -CLARA-W 5 v A O. Hungr Geotechnical
Research,Inc. A 4§ B 2 = 43R A4S R A 8B R A RhAediss & A& 3-11 - LT A 2547

7 7% @15  Bishop’s Simplified Method ~ Janbu Simplified - Spencer’s Method 2A &

Morgenstern-Price Method » Ll x EfEH kP X AT = FH BB =4 otred » LA TELEZ
fal vy /1 7 vy 4B 3% B 1 U R 2 R B8 4T o bl Morgenstern and Price 7k 891 %) /1349 4% A
half-sine & # > 3R # & H b ey B3%

R o

% 3-11 CLARA-W # X2 R4F &(BE L > 2007)

ZRXLH%E CLARA-W
Ve RO B AL Oldrich Hungr
O. Hungr Geotechnical Research Inc., Canada
FZ2EHE DR I RE=FF ik A4 —RA BB LKA
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3REFE @A BT R
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Brown JF &t A1k
5.8 ¥ & 2R 55 @R RIT B A R B 58 B R K iR
6. K BEMAF X 1 ()FUMR A L ry(b) B AR /1 K EE
TR @A - (% E @b E ()RR S W (e) % Mt (D) IEk i iF &
&
8.7 A Z 4 NA M P AT AT
9.8 * ShmBigE ~ RARE - KFHE R E
10.7T:RZFh &K - SR - EPREBI B4 - B3N D Z@RMEE > £ P
S BT R 0 3T UAZ % Auto Cad B #4475
1.2#EAEEXQFE—FH ooy OERFEHEHH(E -8 R
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1% A 54 Lo 2.3 40 3.4 (A K-F B fo 8 dEH)

RAREHRIE 1.2D & 3D z Bishop‘s Simplified Method of Silces
2. & 4547 F % ¢ Janbu ~ Spencer ~ Morgenstern-Price °
ALK R, LR A
23R %
&R LS @z aih AAWRs - W 8

23EN KR~ RFHEH
3.ZEHH

CLARA-W EA B ASE RG> B 3-14 AZRIH 54 EB 2@ > shiFABTEMY
MR RE X Y sy S RARATE 0 T AR 2 B8 AT ik B 3-15 F B AR = 4 3b
WA NG R THEE (WwiEX ~JFER ~ #HHE) - B 3-16 Az @y NE &>
WNER AR - 3 ARE—EraeptEmAk > BETT 3@ ATENEIL=4%
& > H5T4E A copy TR F &) copy layer & copy section 2k ff /b3 B ©

2% Control Parameters

! Interpolation Method &l

!

Froject:

|

Input By:

Ma. of Layers:

" Qrthogonal

Interpolation between cross-zections iz made
it a direction parallel with the coordinate axes
[Crefault)

H No. Fiezo Surfaces: _
_ Interpolation occurs between adjacent pairs

Har. Eanthoake Acceleration: _ Ma. Discontinuities:
of input pointz. Each line must have the zame

Change to 2D nurmber of input paints (good far cormers)

kin. ¥ (Transverse): _ rin. % [Langitudinal): _
he ¥ (Transverse): _ e (Langitudinal): _
Mumber of Raws: _ Mumber of Columns: _

MOTE!
LSO g SRS S o ramresants I
XTI

Grid extent and density:

™ Axisymmetric

The first input cross-section is rotated around
a vertical axiz, whose coordinates are entered
below. Other crozs-zections are ignored. The
awis should be located outside the mesh.

Base of Z-coordinates (optional):

B 3-14 CLARA-W {5 #.45)-22 3 54 B 3-15 CLARA-W 4% A $#.451-
JA A8 R ACE VY

AR RN KRGEFE LA R R A X

(1) Ellipsoid : 7T B $h44 F A& EH B F R DR R 25 - LK HE - B
WE%E (Re X @ HER/Y @ EE > wwl 3-17) % ;(2) Wedge : JBi5 Tkt - &AM »
far ~ ME A% ;5 (3) General : B35 R B3R @y A F 7% 5 (5) Composite : #A4% » B L7 ik
Z mh e
CLARA-W 5 #7 5B A -

(1) BRAAXRITHFHOHHL2H - HEH o EREMERBET—F —FH
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ANARRALE o
(2) #T3¥ @ - AEALKBEL » 2£THEA GRD 4 EWA -
(3) BESH F ik o LR ER Spencer 75 (JEEINALIE ) ©
4) BEEHORHEA -  BFE-KAKXYGBIES THIHE G -
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AHAE O R I B ETE 0 SAFIEIS O K~ L AUt RE B ANMEE - H
B o P BCRIIRE W R BE LS % 45° 0 B 5 20m o B 3-21(a)(b) o s3I B e KR
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(b) F 3B F e tbf AR REAR IR A 5 AR ILIE R 0 IR AR AE KRR > 3
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() —HIExBMEHL I6KN/M~ 18KN/M’ » B AW TEAHNSBLIERS > &
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40m~60m; PO/ ERA 30° 45° ~ 60° o
(2) o358 e € 5
A B @R A

(a) 3G @MAE LR E T ZLE G AR > H1ZFO SR~ LR AR RM 2
Ry RMIE > BRIAZE LS B I QR ER —REAGEFE o bR
W E LR 100 2R (H8) ~ RE\KE 150 2R (4@) -

(b) FIEERAMBEK > »AWK > BEMHE_AR (B 3-22) $kKFEREES 0~
R2| 110 ARF%E o pArehid sk s CREEAE HIEMHEL SR ZE 1Sk
gh) BB R HE TS ER LR Y s ERZIBE > FRAITHRER
KIUE T ABEEHIERBRARRARIETA RN A HE R A=y o

) #HELBAENABLE  dHEL I ERHEO6 AREWE T AR > BEFZLIE L
BB LBEERIWBBENZ A -

(d) BEHHOEHRKABIGRZRT > AN IEFRAE » BB TARBRRITEZ
BrambikEhig LR RIER > wE 3-23 -

() #A£x=0m-25m-~45m~100m F#FR 3@ > Ik T b B34 E b > HAied)
‘IR AN £ R AR °

() KBE—MHEO6ARE 10 ARFE > AN A4S BebdbiZaT LR F 095345
E )R o

B. & # B % A ¢

(a) 3hbeg L3 B NP5 & o 3% £ 3EY=19 kKN/m3~ 0=33°~c=0 kPa; & /) & 4§ + #5v=20
kN/m3 ~ ¢=35° ~ c=30 kPa : #r3&y% 10 kN/m3 ~ ¢=30° ~ c=30 kPa -

(b) LR E®RSHEO6 MR BEBARS > AT ROBE -

() FRIHAFHEAMRE -

i
L
ik

W 3-22 MLEOE
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1
Y

W 323 R&#HEG

3.2.5 ¥ @ R WAT A B

AFF A FLAC 547 #3835 2 8 W4T & - FLAC 14 3L 7 :2 2 /7 £ 3% 345 (Continuum Mechanical) >
#8542 X LA SN BE A TR £ 4% (Explicit Finite Difference Method) 2k K #2 » &3 7 IR £ 57k A
BEZRARMARAETRERFEABYEER  RILEEF Ly ERb > BAfbz g
BERMBRAGE BB THREREILEE  REETHMNEEFLER LT i@ o

FLAC BERA KT R BME 7 #2KX - FLAC BRXARNERZ S AAHEEG D
ToaRAARBENREEG T EXELH IR T A (Out-of-Balance Forces) > #] A st R
FEARERBNRAEN T > BEBHRERI AL BMKS 5 —F & HEEEMH
T 0w B BB AR L 4 & 7T T 4% % (Strain Rate) B A F &) - B A SR TR E
HRULRN M EXTENGLEORTES > wbBXBRESDITIELE SR A2 HLRAN
RP#EE| —THEXHESIEIE AL - Lo £ FLAC X ¢ > $RAEGRAGURESD
BB A MUIKEN AE -

ERRN-BEHEBEXT @ > K312 F A FLACRATRETHE AR EGEIHHEX - #
ERAERMATEGERZWAEFE > ERTUS A AEEX(ER ~ B0~ B) -

% 3-12 FLAC @44# K

% JA 4% X (null model) A A WA K
AUBEIEHRE - | (a) F@EAEEKX (isotropic | (a) Drucker-Prager # X & —#&##aoEF %
elastic model) : J& 77 - J& % R2BFEHER - MARNBYOLLR LMD
[RESLEI S A FEB AR Z W A AR RIS R R 25k
(b) & Ed B N ARG IR ATAEH] o
(transversely isotropic (b) ¥ & -4 % 44 X (Mohr-Coulomb plasticity
elastic model) * 44 #HE £ model) : AW BHRMX - HFTER- Bla
MAQAERENE 24 AR 2R R 91 JF 3w Ui 7% R (non-associated
HF=HGRAE - flow rule) o (R# FATIER)
(¢) wAEEEHHELHKX (ubiquitous joint model) : #| A
— 27 kMNP ER-EMHEH (solid) w3 @E
MBI o
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(d) g s/ X
(strain-softening/hardening model) @ F DA #:4%
M Z AL RARALAT B

() g4 AL/ B2 B 8 FAL X,
(Bilinear strain-hardening/softening
ubiquitous-joint model) : bt X &4 T JE 4 5%
fb/#ftMohr-Coulomb #% X Fv i 4 i FEAL
R BAERHU IR OBRRBAETEZ
M o

(f) # MR A (double-yielding model) : #
Mohr-Coulomb #73#} ¥ 38 Ao — 91 88 5% Je 44 &
Me s K& UBEH R &GRS
ERAABBEWGTE -

(g) 15 EAR45-k 24 K (Modified Cam-clay
model) : $b#E K AN EF R B L KRB
BREFERE > BEMBETAERT > F46
FIEEE R AR R UK R MK S
BAHEERBERCBEMHER RGN
BEZAFMH -

BES A 0 BRI R AT B e Bk > MY R A BB M T A 0 &
FREAME kT ¢

(1) #k 234 E F ettt

(2) EEZRELBORME M2 -

(3) MM RBIRE  HATAHREN > BURERTUER — B RERA ML -

) FAERERARGEDE -

— Mt A AN B K E Fho B 3-24 Fro 0 RAZEINBRTHINA3II3F 0 AT

DA AR R m AR RS T REABESGHEKE T BERRSH) BEGRINE
B(L)~ #3235 R3S AR (o) #32m B ARPELE > —RAGH —ELH BITEH
GRMSW - A5 BTEESHEKANBRHBEGEHVZIEE  A—BhEn I Eiand
3 F K(No Flow) » 3 F KA R F R AKMEF XA > KA SEKRFA2m~5m-~8m £ 10
m > W HEAE RSB R T ABE -

£313 —RBREFRYUIHREHNERT

H(m) L(m) a () B ()

10 30 60 45
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M 3-24 —mrieEgA i aBkEFER

AL AT G S SR ST > N AT AR R A A R AR B KA 0 BT RS
Bl KPR EEMS - TP BRE T AL RRAFEELT QM > BRAFKFET @i
% -

WEFHMEBERTAS B > BREWR ~ F@R -~ B2k L ¥ Rak A b#bT
A BEFENRETREERHZER - N BEEMAERLER G > SREHZHBESHER
A= e E (20074 # W R MAT G125 AT R KA B 9] B RIF PR B ER
e AEdPFRRENXTRIFEEBEHEMES 96.7~203.5KPa » & T H FHEIR E 4
# 200 KPa - 4 4% Oliveira(1993)35 i #c 8 2 38 M4 $ £ 500~5000 MPa 2 ] > sbAR BB R K5
ALY A 1000MPa o B4 4 5 B do &k 3-14 AT

Mt hBFXAMHARG BT FRALTHRIEGZAWLESN - A THERE LKLY
ZGW o MM SR EREAEREGHER - —BREFELIBG AL E 0L 315

% 3-14 —FRHEGEVIHHHSH

MR 2 41 & (kN/m’) ¢ (kPa) ¢ () E (kPa) v
BRENR 10 c=34 $=35 200 0.25
R 10 =0 $=30 350 0.25
o 24 5,=245.25 $,=0 10° 0.25

k315 —RRER 5B ANER

— %
LR | SHEEANER
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AT E T H (m) 10 ~20 ~ 30
L (m) 20 ~30~50
a (°) 30~45-~60
p(°) 21.8 (2.5H:1V) ~ 26.56 (2H:1V) ~ 45

SIS i X AR X R — 5383548 ) o H— R E &b RN SLR A Ko
MZAEGE RILmEMIHEH RBEEKE L KA MM AE ac o L
B fr~ P RREF#Ie > REHF EER X FERAEB > MBETREOITFERTE B BE
KRG o B9 BTHEBESEANRHBIEGE B ZIBE > £ B GREHEnL T K
(No Flow) » 3 F K& ZH X A KMEF XA > KA HERSFSE2m~5m-~8m~10m # 15
m> MEBRKEBA AL BT ARE - o2 REINBHKEFE R4 @ 3-25 o >
KB F & AT 2 Hdwk 3-16 Fiow o —FE33835 8 oA AR S 8L — M 323548 ) o AR
Bk 3-17 piow o 5325 5 B E B oH > BRARZRPIUTE —HisEy SR &%
HERAMEE K 318 -

%316 —RuEpRUonRENarR+

it H(m) L(m) B(m) a (%) B ()
1 10 30 3 63.43(1H:2V) 45
10 25 3 63.43(1H:2V) 45

[iste: (RaZoder_130_7185s0%] Nob[w -

B 3-13 —mpiHEFE iR KkE FER
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317 ZRERESRH IS
Mo S % 4 % (kN/m”) ¢ (kpa) ¢ () E (kpa) v
BRENR 10 c=34 $=35 200 0.25
R&@R 10 $=30 350 0.25
¥ 24 5,=245.25 ¢, =0 10° 0.25
£318 —_RREH5FHRRANLER
=%
Em St SHYENEE
BAT R B F H (m) 10~ 15~ 20
L (m) 30 ~ 40 ~ 50
B (m) 3-4
a (°) 45 ~ 63.43(1H:2V) ~ 75
B () 26.56 (2H:1V) ~ 45
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W SRR

4.1 BEHETRmER

4.1.1 #12HHEN

i RLIBAET A BRI 31 NEA AL LHEBEBNRAMAS > NER 76 £ ERE
RE AR RE 80 FHBER > F — 2B &N 88 FRIA RMALE -
BRARMZERAREFTE ) F_HBIEELTHE > BATEAERORAE =4 RTT
®REI FIE 2B AT ABEEA T B P AER SR EUET AT E - e
BHeR X BN 211 Hi P ey Pz s X (B 41 §4-2)-

B E 4-3 T4 0 L =F (94/7~96/6) 2HB-FHEEHME A 2908 /day > L2F X BEEY -
BEIRBENR—REED RLBREEY > RV SEBENZTFHEARENES

191.1 t/day ~ HA4b%8 2 909.7 t/day B LB AR K95 F9 A B RABKRME > TRZAGE LA
IREAZBENBRSB  SENLIRBR—RBEEMRAEFREBEENZ 343%
W2 BEEN =2 —RANFEBREN- DS FIARTAER Y ER AL BREERSE
%) A 376.2 #2 366.8 t/day > M358 B E A KAKEE = 194.8 t/day ££ 96 £ 2 A4 - 96 F
RATFHHB EABEEARE Y E®AA275.1tday > 96 51 A4 FHEBEALBGEE
BABAMEAR > MERITERDUHARAREZRA -

=
A /E %*ﬁﬂ
P i NES H% e
= i | )5 B
i & 7K = o
| [ Ui S
5| M -
% 2
5 k¢
E
Hx iR =4
KE A, &

41 HdkEGrFraR
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400

350

300

250 1
200 1

t/day

150

100 [
50 1

W 4-3 trd#iEgE A FHuRg (94/7-96/6)

O 3R 7T 82 FAMMNH O MR RN MR E OIT2 R ENER L ARAFMER
FIEABN OB NFFZ AR LRI R A AR Z IR A IR A@mEE L4 % 3.96 N8
ARt wFX R BN 4 FAE TR IRZIRIRELT » 250+ FFRZ
2o BAMB Y2 BRI RAADTERBERE@EY B AR M LEE > R
NI TEE - ZEE SIRATETARD > BXAELE IR S NE XG0 > 3R E
A ZGRERADBIM BT A RN A E AR LTI A EAE 0 RA IR
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AIEGOREAT BN IS F4 AEXRIE > BRI ARSI NIRRIE AN B GH EITRIRE
E R AT ARALIE R o shi IS4 Lk ek B R KBTS IR m A KT BN 222 &
PRRARBELZ T (BH44 - B45)-

95 & 11 ATt ILiE RS » BB EHEdR > HbiERkE A BN R EL - B 4-6 74
w0 —F (95/1~96/6) 2 & B - FHEEME R 39.0tday » E ¥ @558 TR M B — KR
EY > FOCEROUMAFEREZM - S F1 AR P ERELBREZRSSE 2 A
45.0t/day » WP 0 2 A RKEE S 324t/day £ 96 F 1 Af4 > Mo FHEB AL
BEERRESEFY > £ F2 A% FHEE AABREZTRHRYD  HURHTE RS IE
AHEBREZRA -

o pR S

H4-4 HokEGFaB

B 4-5 HorEFH—%
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0
1 2 3 45 6 7 8 91011 121 2 3 4 5 6

month

B 4-6 Hoiegs A P4 E (95/1~96/6)

412 BENERELE

B 4-7 AR RGEEMBRIFRARZ 08 - RPTFZ EME - SKLEE AR RIEE MK
R E B LT —ARKRABREKE R 41 24378 THO R GBI EEMO EMR
FREKEMBIIABRZBARAR T — B E4 (R )BHALRF % (NIEAR124.00C )
Fidith SRk 44 BBER% - MOHIEGHH BN ERKAE 4.46~539 kKN/m’ 2 B -
FHBA L SO2KN/M 4 i R E M B M E RS TEE T40kN/m’ > FH B4 E 4 637
KN/m® 5 f B B E R F 2 P B E A 2.60kN/m° AT » £ 2 ANBILE %36 1.60
kN/m’

()F Ak & (b)¥E L #AE H R AR
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W“*” R
g pr 5

(AT EH

(e) Bk (D EAR 7 A%
B 47 BEDRGFREGE
%41 BEREFELAKLERER (M)
BV & E(kg) ¥ E(kg) ¥ 41 & (KN/m°) A K EE (%)
A 45.518 18.560 4.46 145.2
B 52.270 27.218 5.22 92.0
C 54.850 32.309 5.39 69.8
g k=01 m°
%42 BEREFELAKLERER (Fd)
BV & E(kg) #E(kg) ¥ 41 & (KN/m°) A K EE (%)
A 72.253 54.936 7.09 31.5
B 75.403 60.060 7.40 25.5
C 47.000 31.592 4.61 48.8
g E—() ] m°
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%43 BRELSALERBERE (HHEATER)

AP (KPa) | #Hm) | BEke) % % (kg) B EKN/mMY) | 4Kk(%)
30 0.106 43.256 28.954 4.00 49.4
50 0.091 31.740 21.584 3.42 47.1
100 0.083 31.704 22312 3.75 42.1
150 0.083 21.168 13.432 2.50 57.6

%44 FEpEgRBER (H0)

ES HEF Wik # E(kg) ¥4 & (KN/m®)
1 26.466 22.058 2.16
2 31.092 26.684 2.62
3 29.870 25.462 2.50
4 34.182 29.774 2.92
5 29.116 24.708 2.42
6 29.094 24.686 2.42
7 27.026 22.618 2.22
8 32.678 28.27 2.77
9 35.496 31.088 3.05
10 34.616 30.208 2.96
P % & Wp=4.408 kg T35 B 4 £=2.60

B v=0.1 m’ |

HXEEEEYL  BMEZEMNENERTREERENBEN > AR ABRET ZLRETHEKX
o R RAFARERCE T Ao RAERREOME BB T —F UL BRENA
R ke Ry ~ £~ L > A Z TFAAAGLEBIAK S RZ > B RBEA ST RENHLIAFTE
BEH > B TEMETANS  MUATRABNBEDTRFZIEME  GNRBELAARE
R EZBEME@MILIAN > EAREZREFIZDEBEHILR L ;E  SRlEBEEE
FERALESBRE  BERBETIGZTABRE > AARXERAFZEMETRRERENS -

R TR SRR FRARAT N 2 AR B & (NIEARI24.00C) & i 18 4% A &
WA F - REAENEBE Y 0 TR EES A ARIEE N UK A LZ E (NIEAR124.00C)
PR B E R ARF RN > BREHABRBREABIIFLERLZZER > GWHAH AT
HRERWTA LGS BRAREREMS

Sowers (1968)15 & > B f4 i2 £ Moy R 464K E— A 10%~35% > mRIFEZSEFE (2005) PidlE
%3t 86 £ F 94 2 KA B 46%~56%2 F o — AR 0 AKEZ S B LB BIR AR
BREMSEZHERE  RIFE M FHEEARGKENHERB T X445 AV RS ER
% 0 #4E 69.48+7.66% & A o MO REE A KE L T0%~145%F - B 23 0 B EMHAK 0 B
EMRREZARE R KREE (H48) HAEBAGLSKERS  —EAKGEBARBRP
HHEOHEE  RPORE C BREISKENRBAAKSG > THEL TEBSE ) 2F > £¥0
REAFTTHR > SKEEEAN— RALR L - M HRBESKEHE 25%~48% 1 » &)
Ao ERH BHERE - BENAAE (B 49) BRI TAEES IR 2K A RLRIK -
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&45 ERERENSKEGFAE > 2005

it % W A s, A K B (%)
K HR 54.17+8.22
g R 34.29+9.01
4 A J 35.99+17.08
AN % 32.72+11.35
Bt ER 69.48+7.66
REZBR 8.50+9.80

:.a".,“_ 4 3 X

B 49 tramEgREhReE
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%462%k48UE4-10 2B 412 AARERAS I PO B G EDIERAR -  BFHZE
RTER, 0 O EA G2 B EE 4 T2% R 26% > RIS L RER MR BB
MEBREBRMA SRS SEBREZBSEETAE S > RIRERANEBRRZSEFMMEAETZ
thfp) o B EMARZETCI A4 E BARSMM AT XHMREE » EPrb T4
BRNE L HORIEGRALEARRA R LR Bk 5mm AT 2340 H w1648 8 2 ) o
Wb st 2 20% o A7 e RG4S T1% 0 RIBSGIT — Rk BN GBI TBREBREMR
REHLREG  HARKFTRE XSG EBEMRAEL -
RBPZEBOERBEE EPAFREBELERZIUE > 42560 A48 - KEEREHE
ZREBRA RIBHFLIRRERBBRELARNAREA T RMZBE SRAEDRE TS
{233 3R F IR S LhBI6r A 3w 2 AR H (3RAR) - AR 0 BAT 338 35 LU AT 4 A o
FIEMRBEBZRECKRBIERESH > A ED A4 0 R 4556 K BIBATAE Z Ltutp] &)
W 2% o
ATRAIF LA RS RIABAE R LB AR RS ERE L LI > A TR B o
TF
(1) AFmALAELSH  HBEEZARAELEI R RS KEXIHE o Bk
HBEFERBEBEETRETR > ZREASBAFRE AR L2 b -
Q) AEBRABEGFA B BECRARLGE  ERAXERSE  BHAILL
5] & KRR 7T 2w o

() A A B B — I SRR A B - T 0B T -

& 4-6 HoREGBRENEEER

(3 k) A B C
Feke) | Bot(%) | £Eke) | Botk(%) | £'ke) | B 5 (%)
T X4 gl ] 14.612 78.728 19.222 70.622 22.366 69.225
%] 0.127 0.684 0.484 1.778 0.385 1.192
RATHA 0.069 0.372 1.523 5.596 0.427 1.322
4 A FR 0.490 2.640 0.312 1.146 0.289 0.894
Rk ko 0.148 0.797 0.326 1.198 0.896 2.773
wIIA 0.295 1.589 0.515 1.892 0.086 0.266
Hit 2.819 15.189 4.836 17.768 7.860 24.328
A3t 18.560 100.000 27.218 100.000 32.309 100.000
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HiAtl 20%

WA 1%
BEE 2%
BRAEATIE 1%
AVTHE 3%
4UH 1%

0 R
B 4
O AN

O @A

B BEH
B 3R
B FAl

prilie S
72%

W 4-10 302G afhick e

& 47T HraEGBREhELER

() A B C
T3ke) | ) | EEke) | Ao | 8K | B %)
Tikdy | % B4R 10.968 19.965 9.118 15.181 | 18.044 57.116
“a 0.174 0317 0.018 0.030 0.552 1.747
A3 1.168 2.126 0.366 0.609 0.132 0418
BB R 0.000 0.000 0.056 0.093 0.016 0.051
Rkt | 2R % 0.610 1.110 0.744 1.239 0.000 0.000
38 4 0.322 0.586 0.122 0.203 0.026 0.082
EA 41.694 75896 | 49.636 82.644 | 12822 40.586
&3t 54.936 100.000 | 60.060 100.000 | 31.592 100.000
O W
HHREE 26% W s
WP N |
O #eEAiE
GE 1% g
e B
e HE 0%
S 1%
pt 71 SR 0%
B 4-11 #réEgainieian
£48 MaEGREIHATEBELLER
PEICES) 30 kPa 50 kPa 100 kPa 150 kPa
% |aow | 2% |@on| €8 |@ow | 2% | maw
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(kg) (%) (kg) (%) (kg) (%) (kg) (%)
= B ¥ARR 4R 11.030 38.095 16.180 74.963 11.604 52.008 4.270 31.790
L] W HR 3.110 10.741 1.258 5.828 2.230 9.995 1.524 11.346
AAT R 2.784 9.615 0.086 0.398 0.096 0.430 0.582 4.333
R i) 1.560 5.388 0.260 1.205 0.678 3.039 2.346 17.466
I~ B 2B fE 1.028 3.550 0.450 2.085 0.544 2.438 0.032 0.238
) % 35 4R 0.608 2.100 0.640 2.965 0.298 1.336 0.116 0.864
H b 8.834 30.510 2.710 12.556 6.862 30.755 4.562 33.964
A3t 28.954 | 100.000 21.584 | 100.000 22.312 | 100.000 13.432 100.000
Hith 27% o g
L Fict
O AYE
mE
B SEE
O IR
W it
TEAE 2%
BB 2%
Bl AR 6% BRI 50%
ARITHE 4%
4L 9%

W 4-12 Fréaaga A Rmeltan

4.1.3 RIbXBEF
4.1.3.1 F3b & 3 8k

RWHT BT 020 E 413 i o A T RARATFZE N -JE S dh o @ 4-14 - F 4-16
B o ARERENZHAN > AERZITMABE20cm AL R
BREMRGREEBRRKETRAEY &H:BR Poyinleftist  BbRXBEIET2 Lok I HER

REZREZEHERAEN -

BEZEMESN > RIBRYG
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(a) B ¥ B A5 £ 3K 52 (b) 4 55 & % KR

(c)E %

PR BT ey
.)f w4

(e) R 71 (DE 3R
B 4-13 RGEFRREBLZ (MdRE)

250
- |~ 133.7kPa - 106.6 kPa
£ 200 6a6kPa — 2268 kPa
% 150
g
v
2100
£
»n 50

0

0 5 o 15 20 25 30 35

Shear Strains (%)

B4-14 RBEEFSBRBHREE (Ho)

67



250

200

150

¢=33.6 kPa

Shear Stress (kPa)

100 $=32.1°
50
0
0 50 100 150 200 250
Normal Stress (kPa)

415 RBEFIMERGHEE (Ho)

250
E 200
<A
é 150 —+—51.8kPa —x62.0kPa
Vg 100 —+— 173.6 kPa —o—228.4 kPa
2 50 -
0
0 5 10 15 20 25 30
Shear Strains (%)
B416 SBAEHRBRRHIREE (41é)
250
200
g
< 150
s
n
5 100
Q
7
50
0
0 50 100 150 200 250
Normal Stress (kPa)

B 4-17 REAVRBRLEREHHEE (FHd)

DA BB X HOR AR R A0 R E - s (H 4-14) AP IR dh e - IR



EEREABRERET BRY EHP 10250 ERS R =(E5 &A% 133.7kPa)
R ki = (ER e/ A 106.6kPa) Rk — (EEmEN A 64.6kPa) X HJE ) -
BLRHE ®RKIL A H B X R E M AR = X AUR @S F IR R LR X RIHUR
XA — BRBE — X AR mA s B AR R TR R-B 416 A A RB - B s
Ay B TRERENRERBZTEARBRREREC BRYE 222 102408 5
e B &S A 173.64kPa 2 SR HE TR ARG 2 mmFE L AE T RSB
25% FAF b —ABH A —F @ RAEREAZABARTHEBRATRAB T £Y
BB RBFBEAS > BbREIERTEHRE L 10%4 1L -

S 4g A 2 B30 1 IR A % Y & A8 1B 30% (Singh and Murphy, 1990; Machado et al., 2002) > f&
A B kRO FTREEAN > BA-RE R ABABRREINBEMEMIE £ 1
BARERLE > RPHFLLARY G HRLE DR - ARIE ASTM 8938358 - AT R 2] 10%F7
HIENT R ABIET N > RERBEWATIE G E20% L5§ > TR ARG o > &
£ 885+ % /£ XUgk (Singh and Murphy, 1990; Machado et al., 2002) 77 i 2 %5 [ P9 - 8L R BB 42 74
FOABAREGEMAT » AT EANB A - REZRBRE -

B 415 Z8 4-17 AMERCETAT K E X E ARG LR MO RAT @ ATF

ZRBENREBEA NG L c=33.6kPa~ ¢ =32.1°K c=349KkPa~ ¢ =37.9° FiiFis R ih AT
AN RIFFMNZ BN - A/NG AR HoRXERAE TR RBROZH N FEHE—RRK
RleyBIBEAEE A ORBERATRF > HARBOT I RECS T B @M ARIR (01
BRE L KR QEMHE) R ZH N BT RERS -

4.1.3.2 53648 8 5%

B 4-18 433 P4 T3k 5042 o | 4-19 1| 4-20 A8 E- s T eh4r o BIE ASTM 2235 >
WE-TLFEE dh 4R B A RAAOR I BRI B E 0 057 e B E/F AAR AR » i
BERDMEESL 2 BRI ABRS 5T B O BAT & AR AR N qu A 5.69 kPa~11.87 kPa
(%49)  AZFmRELE  EZRGFANFME > KQEBILIEEY 10%~30% 5 RE
BRG] K AETMGETE 25% » ALEH L 9BE » XRETLHE KR > 252 0.5
FaEE A FIBTARR AR GZE > ERBANBEEMAO SN > AV RFEED —TEZ
Al BB B HF AR E GG TS -
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(D)VZEBXR N 4 %

};L;xu.\ijiiﬁkgrr'v, 5 <o 5
(c)fr #% B 212t & Load cell (d) AR ~ FHEREHE
B 4-18 BRPFEBRERRBE (MrdhiiEsy)

49 RUTFEBREIBREREER

A H AR AR A A AR MR A R o
1 & g. (kPa) q. (kPa) Kv (kKN/m®)
o 5.69 2.84 49433 o 42 4% B BE BRI s 0 BRULIG B ER
" 11.09 5.59 845.25 0.57 77 $ JE X5 3k E1E AR R AN

HRBGRER U 7 0 17 R R R E S H B R A A8 2545 203 0 BAT & e AR TRK
B qu B 11.38kPa~22.17kPa> BEE TIRFLARFUITLIREFINGE > dMEHEIL
LA MGREEHFARS c ZRINMBE 1" AAHESGRBRBEFE BRI ANLHK,
# % 87525 kN/m’ (89.22t/m’ ) » fk¥t/a & 428 5 (1996) # 4 ey3biE R /s 5 0 B
AR FAE) L AR IGEE L -

70



Loading (kPa)
0 10 20 30 40 50 60 70 80 90

50

100

Average Settlement (mm)

150

200

B 419 PERBREDIBRIARAERGSE (Ho)

Loading (kPa)
0 25 50 75 100 125 150 175 200 225 250 275
0 G
'g 50
=
Q
=)
2
2 100
1%}
0]
)
<
o}
Z
150
200

420 FHRB|ERIMARARGE (4d)

42 BEDREIERERBRER

4.2.1 B4R & BB BT 5

WA TR B ERIF 95 F 4 ARBRIBSATER > 4ok 4-10 ° IR T 5 & T MR R T MM i K
o —RITIRMA b BB AR TO % 5 AT AL 30 %> b &R P TRMLBI E 5 -
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IR E R
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¥ B4 11.53 33.99 43.06 22.95
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X S IE LA 1.76 8.78 0 100
i Rt R BH(FE -~ 2...) 1.87 32.75 0 100
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411 EEBREBEENKRSH

1% 1B#200 a5 (%) 12 B #4 ) (%) | Dio (mm) Cy C, PI - #A
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FRBARIE R BIIRIE > BRiR KM RIZAKRGIBIET » St RARMAT 20 B 45 R F BT
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MEBERRDE TR EA g > TEHBRREITEN LAZAE > LRSI REAHHE 54
fi > SMBERKR > STAREH AR S B - OB RRERBABREMIG Ao T RIS -
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(2413 ZaRBANRBRZIRETHEREM

BRI SKE (%) | EfJEA (KPa) | REW & (kPa)
70 54.8
KiB KB 21% 155 103.4
. X 225 146.8
F T A 70 479
& K p Ao 33% 155 116.9
225 146.1
70 87.1
RiZK B 21% 155 175.9
, 225 222.0
AR b T B A =0 951
2 K Ao 30% 155 163.1
225 230.0
70 58.6
kiZK B 20% 155 93.3
225 144.7
T @A 70 48.6
& K Ao 30% 155 79.1
225 110.0
70 65.6
RIFK R 20% 155 122.1
225 182.5
BRI R B A =0 035
& K p Ao 33% 155 124.2
225 173.8
70 37.1
RiZK B 22% 155 62.1
225 91.9
& 3L B A =0 330
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225 86.4
70 116.9
RIFEK R 21% 155 210.3
225 281.0
s 70 104.1
& K p Ao 36% 155 2234
225 2734
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4% iE AY &%
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#3549 15% > Morgenstern and Price 5% % E/235 4 7% -

Fully Specified
4.5

4.0
>
35 F /
30 % /
25 | /
2.0
1.5 ——M-P ]
. —&— Bishop
/ —>— Janbu |

00 Il Il ‘
0 5 10 15 20 25 30

ES

0.5

B 4-35 —BEEGEHRABEFORDEEA I ZHA
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%416 Z2HhHk (8=15°)
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IN-SITU DIRECT SHEAR TEST ON MUNICIPAL SOLID WASTES
AND 3-D SLOPE STABILITY ANALYSIS

Tsuo-Hsien Fan'  Hsin-Yu Shan?

Department of Civil Engineering, National Chiao Tung University

ABSTRACT

Due to the limitation of population density and availability of land, a large portion of Taiwan’s
landfills are located in mountainous area. Current regulations do not require slope stability analysis for
these landfills. As a result, almost all of the landfills were not designed to maintain a suitable factor of
safety against failure. The composition of Taiwan’s solid waste differs considerably from that of the
United States or any other country in the world. However, the lack of data of local solid waste poses a
great limitation to engineers. The objectives of this research are to collect shear strength data from in-situ
tests and perform a series of stability analyses. The results show that the cohesion and friction angle of
the MSW at Chu-nan and Hu-kou landfills are 34.9 kPa and 37.9°, 33.6 kPa and 32.1°, respectively. In
addition, the coefficients of subgrade reaction, kv, are 875.25 kN/m3 and 494.33 kN/m3, respectively.
Results of 2-D and 3-D slope stability analyses show that the factor of safety increases with lower height
of wastes, longer length of waste body, smaller slope angle of the back of the excavation, and steeper

face slope of final cover. In addition, 3-D analysis indicates that the factor of safety decreases with the
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widening of the mouth of the landfills on slopes.

Keywords: Municipal solid waste, Landfill, In-situ test, slope stability
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Y SR E )72 (Lama and Vutukuri, 1978;
Brown,1981)> ASTM R FR B BT st EGFR %0 fy D4554-90
FRE[£#(ASTM,1993) -
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* 6w FEEEFR6=10°)

B L=20 m

L=40 m

L=60 m

H 30° 45° 60° 2D 30° 45°

60° 2D 30° 45° 60° 2D

S5m 1.35 1.24 1.15 1.70 2.26 2.08

1.96 3.16 3.08 2.89 2.73 4.60

10m 0.81 0.75 0.70 0.95 1.34 1.23

1.15 1.72 1.79 1.66 1.59 2.45

20m 0.48 0.45 0.43 0.52 0.81 0.74

0.69 0.96 1.07 0.98 0.93 1.35

* T A HEERELS)

p L=20 m

L=40 m

L=60 m

H 30° 45° 60° 2D 30° 45°

60° 2D 30° 45° 60° 2D

S5m 2.05 1.89 1.75 2.58 343 3.16

297 4.80 4.69 4.39 4.14 6.99

10m 1.23 1.14 1.06 1.45 2.03 1.86

1.74 2.61 2.72 2.52 2.38 3.72

20m 0.74 0.69 0.65 0.79 1.23 1.12

1.05 1.46 1.63 1.49 1.41 2.06

7 8 L FEFR(6=20°)

B L=20 m

L=40 m

L=60 m

H 30° 45° 60° 2D 30° 45°

60° 2D 30° 45° 60° 2D

S5m 2.79 2.57 2.38 3.51 4.66 4.29

4.04 6.52 6.37 5.96 5.63 9.49

10m 1.67 1.55 1.44 1.97 2.76 2.53

2.37 3.55 3.69 343 3.24 5.06

20m 1.00 0.94 0.88 1.07 1.67 1.53

1.43 1.99 221 2.03 1.91 2.08
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In-Situ Direct Shear Test on Municipal Solid Wastes and
3-D Slope Stability Analysis
ABSTRACT

Due to the limitation of population density and availability of land, a large portion of Taiwan’s
landfills are located in mountainous area. Current regulations do not require slope stability
analysis for these landfills. As a result, almost all of the landfills were not designed to
maintain a suitable factor of safety against failure. The composition of Taiwan’s solid waste
differs considerably from that of the United States or any other country in the world. However,
the lack of data of local solid waste poses a great limitation to engineers. The objectives of this
research are to collect shear strength data from in-situ tests and perform a series of stability
analyses. The results show that the cohesion and friction angle of the MSW at Chu-nan and
Hu-kou landfills are 34.9 kPa and 37.9°, 33.6 kPa and 32.1°, respectively. In addition, the
coefficients of sudgrade reation are 875.25 kN/m® and 494.33 kN/m”, respectively. Results of
2-D and 3-D slope stability analyses show that the factor of safety increases with lower height
of wastes, longer length of waste body, smaller slope angle of the back of the excavation, and
steeper face slope of final cover. In addition, 3-D analysis indicates that the factor of safety
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decreases with the widening of the mouth of the landfills on slopes.

Keywords: Municipal solid waste, Landfill, In-situ test, slope stability
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MotF : deimsy o BWART  FERE » S84 -

Stability Analysis of Municipal Solid Waste Landfills on Slope
ABSTRACT

Due high population density in narrow coastal plains and NIMBY effects, 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 on block failures through weak interface in the bottom lining systerm 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 slope angle 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 facter of safety against slope failure. 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, and steeper face slope of waste body.

Key Words: Landfill, Slope stability, Berm width, Parametric study.
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Chi-Tou
U-5 1997 | N.America | Single rotational 100,000 m®
Lined
L-1 1988 | N.America | Translational 490,000 m*
L-2 1994 | Europe Translational 60,000 m*
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Interslice Interslice Interslice of X/E Resultant,
Method

Normal(E) Shear(X) and X-E Relationship
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MeEF P RG> TRMY I SRM REFTHBE -
SHEAR STRENGTH OF INCINERATOR ASH

ABSTRACT

Municipal solid waste (MSW) were primarily disposed in landfills in the past. Due to
the limitation of population density and availability of land, the incineration of MSW has
become widely used since 1993. After incineration, 20-25 % by weight of incinerator ashes
are produced. Even if some researchers have conducted investigations with the possibility
of incinerator ashes as a potential material for construction applications, landfilling is still
the primary method of disposal of these materials. On the other hand, geosynthetics have
become essential components of the bottom lining system of MSW landfills because of
their capabilities of drainage, barrier, reinforcement, separation and filtration, etc. As a
result, the incinerator ashes/geosynthetics interface friction is an important variable in the
proper design of landfills. In this study, an experimental program was conducted to
determine the engineering properties of incinerator bottom ashes and the interfacial shear
strength between ashes and geosynthetics. Small-scale direct shear test was performed for
the incinerator bottom ashes and five geosynthetics (woven and two kinds of nonwoven
geotextiles, rough and smooth geomembranes) interfaces. Furthermore, the shear tests on
the interface between bottom ashes and geosynthetics were conducted to investigate the
difference of shear strength parameters under water-saturated and unsaturated conditions.
The results show that the internal friction angle of incinerator bottom ash of MSW was
approximately 52.5°. The interfacial friction angle between the bottom ash and
geosynthetics ranges from 40-80 % of the internal friction angle. The interfacial shear
strength decreased as the interface was conducted under water-saturated. This effect might
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be attributed to the loss of the suction and the decrease of effective stress at the

ashes/geosynthetics interface.

Key Words: Incinerator ash, Engineering property, Geosynthetics, Interfacial shear strength.
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Nw GT sand | 300x300 | hydrated 20-62 0.0025-0.25 0] 30-40
Wv GT sand | 300x300 | hydrated 20-62 0.0025-0.25 0] 28-40 .
Koutsourais et al. (1991)
Sm HDPE sand | 300x300 | hydrated 20-62 0.0025-0.25 0] 26-28
Rg HDPE sand | 300x300 | hydrated 20-62 0.0025-0.25 0] 30-41
Sm HDPE sand 100x100 ] saturated| 14-100 0.127 0] 17-18
Nw GT sand 100x100 | saturated| 14-100 0.127 0] 25-30 Martin et al. (1984)
Wv GT sand 100x100 | saturated| 14-100 0.127 0] 23-26
Nw GT sand 300300 | saturated 5-25 0.3] 0.6-1.2] 25-34
Wv GT sand 300300 | saturated 5-25 03] 0-1.2 35
Sm HDPE sand 300300 | saturated 5-25 0.3] 0.6-0.7] 19-27
Nw GT Sapolite | 300x300 | saturated 5-25 0.3] 0.8-1.5] 29-30
Wv GT Sapolite | 300x300 | saturated 5-25 0.3 1.5 31)illiams and Houlihan (198
Sm HDPE [ Sapolite | 300300 | saturated 5-25 0.3 0.4 21
Nw GT clay 300x300 | saturated 5-25 0.3] 1.3-1.8] 39-45
Wv GT clay 300x300 | saturated 5-25 0.3 2 43
Sm HDPE clay 300300 | saturated 5-25 0.3 1 25
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