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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. In addition, the potential sliding of along the weak interfaces
along the components of lining systems was not recognized. As a result, the
potential risk of slope failure of these landfills is very high. On the other hand,
the leachate collection and drainage systems in Taiwan’s landfills were poorly
designed and operated such that it is not uncommon to find large quantity of
leachate accumulate above the lining system and increase the risk of slope
failure.

The objective of this study is to evaluate the effect of leachate
accumulation on the slope stability of municipal solid waste landfills in
mountainous areas. Stability analyses on block failures through weak interface

in the bottom lining system for typical landfills on slopes were performed while



taking the pore water pressure generated by leachate into account. The pore
water distribution under assumed maximum accumulated leachate head was
generated with the computer software SEEP2D and then incorporated into
analyses by the slope stability software SLOLE/W. Furthermore, the
deformation of the landfills was also computed by the software FLAC to study
the relative criticality of landfill deformation to the overall landfill stability. In
these analyses, 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 factor
of safety against slope failure and deformation.

The results of stability analysis show that leachate accumulation
significantly reduces the factor of safety, especially when higher height of
wastes, short length of waste body, lower slope angle of the back of the
excavation, gentle slope of waste body and lower interfacial friction angle.

The results of deformation analysis show that leachate accumulation
significantly increase horizontal displacement for one-stage landfill and reduce
volumetric compression strain for two-stage landfill.

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 addition, while the factor of safety increase with the length (L) of

landfill, the vertical displacement increase with length (L) for one-stage landfill.

v



Similarly, while the safety of factor increase as length (L) increases, the
volumetric compression strain and displacement also increase with length(L)
for two-stage landfill.

Keywords: Municipal solid waste, Leachate accumulation, Slope stability,

Landfill deformation
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o
&
).

ool o B SRR AT A K AR R o e B

A5 A

FLARFEAEE (Mde X2 2~ %13 % s agEr2EE)

>

R EIEE N R ‘?fué_%'iﬁfﬁfjﬁé FHREZR Y 0@ 2 B
Kk BLEE % 2 R F] 5 1T = 38 (Reinhart, 2002) :

Lo B ark eind e Appsrg S 2 % o

N
T

EEE PRI SR Y RS R

3. BUKfch E AT R A -

Sand Drainage and
Protective Layer

Geomembrane Liner

Leachate

Clay Liner Coarse Collection
Drainage Pi
Material e

B 2-1 % &1k & ¢ (Reinhart, 2002)



Primm? mw Sloped Cell Primary Leachate
Collection Pipe Subgrade Collection System

Primary
Liner System

Leak Detection
System
Secondary Liner

Secondary Leachate
System

Collection Pipe

B 2-2 % 21k & % s(Reinhart, 2002)

213 o BERFH RIS

DS R RRTIOE AL praFE R o d AR78£0863 27

AR T AKB6E1.143 0 7 > A FETE B 4T D A F94£ (1110
1T 0)0.6770 T o BB AESE S Ve brd T wEEg T 5 A
A4 ELZ 107 i L ik B /)a FE gt X 578.15% ; 51 A

W (E21.75% o > RE AL L ALK Y A HT8 £60.17% 0 £ B 1 AR
94 (13107 T32)99.47% « Fr PFH) 2 B F R ¥ 15299 » H ¢ B
TR 5 22.64% - BrAw o 1% Z 55.99% B 4 B ¥ Tl
1% 5038% o 4 MAE L E A4 B o 2-1 4 o

r/?*’“’é’vi"'g\)& AARTIIEMN WA F AEFELAE » XD AER

f?*
\;;a
L
W
N

74 &3 ARl EY LG ET 6 £ TR
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£ Py g gl d 0 e 2 JOi R & B B 45 133 584

ol

3

’

z2_ 34.8% (7 FxfeTk %% » 2003) °

T 205 e BAKFE B2l Ao d

LA

L g2 > G\

g

£2-1 freE B A4 £ (o9 #) (%R =% > 2006)

PRAAE(NHE | E) R F L I R I 5 (%) EARE L pE
FEFEE
EBFE
PE v g EY-% fat -GN EF NS
=3
T
ok F A F A
37| PR K
EX|Ep | Fp
w3 Ay | Bree ¥ A
Brépw |E 4w B | BR | 2R
EWT R M| 5 TR | v &
s o A1 |4 A g3 | A2 | FE
wic S & wfe (£ ]
g | v R £ £ £
& *
* _‘%.
78 |6,258,655| 6,258,655 1.36 | 88.98 0.863 | 0.863 | 60.170
79 16,844,846 6,844,846 1.14 | 88.04 0.963 | 0.963 | 60.930
80 |7,239,045| 7,239,045 0.40 [93.01 1.000 | 1.000 | 60.200
81 |8,001,236/ 8,001,236 3.19 [90.44 1.087 | 1.087 | 66.870
82 |8,217,318] 8,217,318 3.03 [91.76 1.101 |1.101 | 64.980
83 |8,492,821] 8,492,821 4.86 |89.88 1.121 |1.121 | 70.510
84 |8,707,696| 8,707,696 14.94 [ 79.24 1.138 | 1.138 | 65.120
85 8,736,420 8,736,420 15.62 [ 79.15 1.135 | 1.135 | 70.870
86 |8,880,775] 8,880,775 19.05 | 75.06 1.143 | 1.143 | 76.970
87 |9,434,697| 8,880,487 | 554,210 | 554,210 19.61 [ 75.30 | 5.87 | 5.87 1.206 | 1.135 | 83.670
88 (9,190,862 8,565,699 | 625,163 | 625,163 23.59 [ 72.66 | 6.80 | 6.80 1.161 | 1.082 | 87.390
89 (8,729,501 7,875,511 | 853,990 | 853,990 41.01 |57.38| 9.78 | 9.78 1.092 |0.982 | 90.600
90 |(8,334,407] 7,277,054 | 1,057,353 | 1,057,353 51.35 | 47.44 [ 12.69 | 12.69 1.031 | 0.900 | 93.700
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 | 96.330
92 |7,708,019] 6,160,260 | 1,547,759 1,379,158 | 168,601 69.90 [ 29.73 [ 20.08 | 17.89 | 2.19 0.941 | 0.752 | 98.170
93 |7,714,958 5,862,890 | 1,852,068 | 1,552,804 | 299,264 73.47 [ 26.23 [ 24.01 | 20.13 | 3.88 0.943 | 0.708 | 98.950
94
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 | 99.470
(1-10)
95 |7,738,531] 5,032,672 |2,107,037| 1,508,215 | 570,176 | 28,646 | 53.81 | 11.00 | 34.97 [ 27.23 [ 7.37 | 0.37 | 0.605 | * [ 99.770
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A RBED RS S PR BB EE L FTR T L
AR B AIL IR (e R RO B VA G 2 AR TR 4
FUI* o PR HIRATT B G f o F BN SRR R ERRILE S
FEN THEFr B RENRE Wy TEBRA T RE B

CHOS AP R, TREERRE Y 2 TRE LG RY

B Ee B3 e 2 BN FA RN o(glg;u;g;\,f;:?j RSP B SRS
2007)
A3 AR E R YEFEY R H P EEE 175 AT IR TR

B3 5> 2007) 0 3t Lk 2 5 MBEH53 B S R LK K H g
“05 TR ALF T 189 (8 ) > 1999) :

1. 235 D3R5 =3 L el B A sa L:Frg»}; H F i

3. IAEFIR I EUNEMRFR G- AF %1 22 R o
4, FEFRAIR CHAFLLGF A PEFE S P Afgat
+

5, BRIFPLEPFFEIAAMEZAI L 2R FFZF
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214 FaFnfd T

froseie 2 R (2002) &3 PR RS o 2 BURHG 2 &
2 REFRRAS T S
LA 4 382 BLIR

B FANEAZBERIFPIOALETEIRAAFT A RAET
RArg s 2 et VAN ERPERAFR S ARG (HEF) >
Boags (%) ~BAFIFF A7 gHE 2 RmT o gpiR
2 FETAATE B AL AL AR T4 472 2 0 4oBishop ~ Janbu......
FHCGE A AT e
2.:88 2 A A 2 B

Bimd Bk B T B AL 2Rk - &
OS2 e M S s N - B S FoLat W 3T S A T
ZHRH A EFLAHT A ET A A KA AT S AR
EROKP A TR R R FE P BT VRS FAN
TR e R iR AH A gsiaed koo BAURG ¥ RS
A7 BRANFABRE TR R EFA O RS ERESA
FAREE (1 L) 254 BAR TR EZ KRS o
3K R 5 2 i R

3RBURG AR AIVREBRE s p IR G FI R
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G2T AR R EBRAML LR G AL R K2
RS R A AR LSRR G o R R 2 R e B AR 2
AT BT GE 7 A 4R
AARAEK 2 F 0 & BT B
FRENYEDT FEEp B EmAk b G 2 Bl irE 4 2
Z51 P4 o AgEARE T 2 L 2 B 2 ALK 2 Ay
AR EF A RMBAERE N AN AR BB L e T M
]

Al 2 B 5 4 AR 2 b R OPE A4

F 3

(“

i

2 7 4% Koerner (1994) MBI gi 4772 » B 7 AT B TR o

PR HETEINR D T T 2 REMABE T LT YRR o
AERRBI e THRBAE N RERAE PG R T4 AR o
RIVGAEA g4 o TR e ko AR A7 T R
Koerner (1994) B.48-T ff7i 47/ » BT L 78 TG

PR A R - SRt o ATy (RiRE 0 2007) % = 4
¥ CRRTOFRFE LR RREFEAOS S M 2ZRF

F AL BT RN EpRIERF 2 A e SR rE R hFE

wjﬂr
[N
=
I
=N
o
ETINS
o
>
~
\\—
=1
5
3

/P/?"iﬂ" P XA URF o BT
300671 T > 5 i AL -
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1R %2003 & £ 3oF7 5 B 2 AR29 B4R ¥ 45 s - ({7 r ATk
F 0 2003) chip kAo 0 TEHAETET L FIH BRI OR
FooAHE- ERES ORI R L R R T 2
&
L HEE5aTHE 73550 22 ArBRIVHEHRS - g2
SRREAF O BHAPERYE TS
2. By B ANT BH P IHAIV o dkF E ST R A
BR3P g
3. FHG AR S HAT IR M FH G AT SR

BB B H g o

F- g BP R RIS AR T A Y T R
WH R e R ey (R 0 1997)
1. TEAEAPF 14H IV (=14.0°)7]3H : IV(=18.4°)
2. & ZA0%FM TR N AR D TH T IV(=8.1°)FI6H : IV (x9.5°)
3. HAAFESF 1 TH IV (=8.1°)F]6H : IV(x9.5°)
4. FiFBRRP oA D 4H DIV (=14.0°)33H 1 IV (=18.4°)

EI RO —;if Koerner and Soong(2000)i% i & &) & 7 » 4444+ B < F)
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FWREEIEE G F B - 272-D2 3-DiFHfE AL 4T S
2-D~ 47 > ¢ * GEOSLOPE#%;¢ 1 #¢ * Simplified Bishop ~ Simplified
Janbuig 7 4§25 3-D4 47 » & * CLARAFE;S » % jp e s B 2 4
170 P pF 2-D2 3-D2. % > (e b3 WAL TS BHEF Y > T R
B F B d I PF 0 B 25k T3 (WF =FS3.0/FS;.0) 4 3+ 1.15~ 1.432
57 4 P> A5k 515 A 301.10~1.332. o A 475 % B 47 2 i
HAlgdl PRIk A M BORZ AT T § o5
HEREAEABARERIE) - F R - - BRERZNFEE -
R E REFF ods @3R3 & £(USEPA,1994) (4 2-24777 ) »
TR R E S f A25 AT B R 24 PRI R N BT
FAF AL o R BOHIIV(=11.3°) 4 F ez k B #-k A - X &A1 3
HANBE AR DL B ke e ok BT DL Y
B Mz Bt T3 2 6 8k -  BPaFEFEERE (L
Hppr AR FPORE AR E I T A FR ARG P RS @
HWh 288 2 57 0 B ¥EEG I 2 30 2 B EE kR

48 R PIL I FE R -
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%2-2% W FF O B TE > iz R4 (USEPA - 1994)
& > f"‘ﬁ{
55 IEARAFRAE S BB R Sk
LR ?i&%%

T E >1.25 >15
=

HLLEHRB R LA BH >1.2 >1.3
ML AL 2T T >15 >2.02 { %
HILEHRBE AL L AP >1.3 >178 0 %

2.15 %5 3chpi ik o)

Qian and Koerner (2005)> & & 7 & & £ & L v B + A45 @3-t

Bk o4e(£2-3) 2 ¢ 5T A LG R EARA o R R B o

ARAGA L AR N TRAFRE TG R BT A
F AR H A o BURATAI T 6 R B F R B ARE R chfs
TSR LN R S - F RS R FoEE SE R
2RISR L R R AR AP R BB R SR Ry

2V U ARSI C R b o ¥
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% 2- 3 ® -3 % ] (Qian and Koerner, 2005)

Case . Reason for low ] . .
) Type of failure L Triggering mechanism
History initial FS-value

U-3 Translational Excessive buildup of leachate level due to ponding
uU-4 Translational Excessive buildup of leachate level due to ice formation
L-4 Translational ) Excessive buildup of leachate level due to liquid waste

- Leachate buildup X ) -
L-5 Translational L Excessive buildup of leachate level due to leachate injection

within waste - -

] Excessive buildup of leachate level due to closed outlet

L-6 Translational mass
valve

L-7 Translational Excessive buildup of leachate level due to leachate injection
uU-7 Single Rotational Excessive buildup of leachate level due to heavy rains
L-1 Translational Wet clay beneath |Excessive wetness of the GM/CCL interface
L-2 Translational geomembrane, |Excessive wetness of the GM/CCL interface

) i.e., GM/CCL ) o )
L-3 Translational i Excessive wetness of the bentonite in an unreinforced GCL

composite
U-1 | Single Rotational ~|Rapid rise in leachate level within the waste mass
- - Wet foundation ; ) . -
U-2 | Multiple Rotational _ |Foundation soil excavation exposing soft clay
- - or soft backfill - - -
U-5 Single Rotational i Excessive buildup of perched leachate level on clay liner
SOi

U-6 Single Rotational Progressively weaker foundation soils

2.1.6 #EFR AR 2 3

Koerner and Soong(2000) #-45 22 3-7% J1-K A 7 i 3 2 i)

1. #aF7 FEF

§ Wb 4o o 4o B2-39757 o o BI2-4F g g Ak 2

ARF P L > g AR o

bo(B12-3% 2-644 7% ) -

3

L st 1Y
* oL
N ) Fl

£ A

RS NSRS

EEMBE WAFr R L D RER R
KEEB R
d v 8o BAR2Z KR A

P2 Ao




o
&
)
5
S
5
(e
iy
3
T
>
<l
5
S
K
-
T
i
i
S
(S
[E:
-
By
(w
BN
R
IRy
"R

MHZEM > A PFY F T3 Vi oI R 2 BTAR T > B

1.6

1.0 r

Factor-of-safety

08 r

0.6 1 A A
0.0 0.2 0.4 0.6 08

Ratio of "h/H"
Bl 2-4 % 4 kEp 4% > 5 8@ 85 (Koerner and Soong, 2000)
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Perched leachate

Low permeability T SO]ld Waste
daily (intermediate) — e,

cover layer

,,u...,.-:._

g - jo
2 l(g\f\z\g(’

B 2-5 &

B 2R
F

;% 1) -k P24 (Koerner and Soong, 2000)

Leachate injection

4

N S

..Tu = pore pressure rafio_

B 2-6 % 11 KK 3% 13 = 42 £ 3¢ 4 -k B (Koerner and Soong, 2000)

22 FHAAFEIF L EAHH I ALK
221 A A 3&F EEFR

\\E
»_:4

BB  FEHRRAS L ANSE LT

PR pE(HEEEO)REA Q) BEE(P)) N E IR

=1
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WA RFEAALLF BRI R BRI F2 2R

A R FET ARG EHHER A LR 2T
FE X F A 4o (55 & 0 2007):
L tﬁ }/} }%\é“q) iﬂ IJ.-‘_"—;ILS i’— ‘:"i”—/r:ﬁ—/f:ﬁ L = 'g F’B ‘ﬁr’;ﬁ’ 4 L g )y )1—?;

2. FaEP FrpEAr LT AR BRASFT A RRER
M ERBEERFT PR E EEE N AERERRT -

3. -HEIFHEEEFRILFE B 54 LA FAMAED S
B T (B BERRCL) 0 R R B L 2
Bz BRAFILE -

4 LEAKTEFRALFERSD 0 FHARA -

\ﬂ‘\

5.tk PAKA B2 B (e dORS B S B B4 ) 0 T AR
LR &Mz i’??ﬁ’ ?ﬁ‘b‘&g( b ,—ﬂf‘,g\a}fri'vxf""f‘)%qj*nﬁi 1&’:?’&3

o FEE RARAR P Z R

Jreh

6. 2F2 BEAy > EFEILE IR BEEIFE



N

BT B FHE R RS IF X A0 G L 5 o
AEER A

8. YEAFTRTIEAZGEET Y KD 2 8Pk
RoOATEAERF LR TR R ER SN AL EE 2 R

Q*”Z}f\ﬁ'{’ AR Hr‘;;gé»_‘o

222 FRMARAFE~E

BRAPECELRAFE AP PR e S RPN
i R R RARR  PRGRIRE T RRTF R E
FECAAE DR o 2 d BRI TE FL 7 b REF
BRAPSHRRYLE ~f RBRY LA F B Y 24~9 KN/m® (0.4~0.9
UM > e & AR A2 BRAFPREIF A BRERGRIEEE = E7 F
#9~10 kN/m® (1.0~1.1 t/m’)(& £ 4. % + > 2000) o

- REMAR S E 2 ET EE 5B R RRD %R G
xRt £ ER CEERR - SRER - 2R e it BRI
VARSI ESr RE R R REE S 2 E P R
P ER A FERPE AN E B AR E TR s b
BRE@EFRE L > 2000) -

Kavazanjian et al. (1995) % & 12 4p B < )jFFJcl d ~ABEHE 2% &%
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NR2-TZHEH L FRYM(FAR) B FErin 2Bz g
L65KN/MESEF R R 4em TAPR 4 > 230mM FRALE ¢

115KkN/M* > 2 o BB LT 5 %1 >50m M 4% % ®125

KN/m®> % L2 ¥ T 158 = & £ % 85~10.0 KN/m®> = & 3-8 i

0 I T =a
- | i e T~
I 1 . T~
. | —_—
25“‘ Cmax
— —
E i
= . i
= 007
= 2 Ctyp
Q ] I
| —— This Study =
75 | --- Earth Technology (19688) |
— — Extreme Values (Fassett et al., 1994) | pol
1 EZZT Range of Typical Average Values N o1i !
7 CmaxsCiypsCmin: Derived from Fassett et al. (1994)' i
T Cmin
1010 Ko o o o e s e e ey
0 3 6 9 12 15

UNIT WEIGHT (kN/m3)

B 2-7 AR5 25 8 = € 7R ¢ s (Kavazanjian et al., 1995)
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%2-4% Wrcn $ H =& (Dixon and Jones, 2004 )

T %3 B
(kN/m?) '
, 5.98 % 21 WEe T Ao Bk 2 m
= F l ¥ - iﬁ ﬁﬁ Watts and Charles (1990)
8.04 @ % 21 WEc% 4803 0.6 M
v JIpF | 5.00~10.01 |* % R ARR Manassero et al. (1996)
* R 6.97 PRt - SRR P Gourc ea al. (2001)
5.98~6.97 |Frivsan— SR P
iR i s B 7 Kavazanjian(2001)
14.03~20.01 |® & "% j%

BIf 2 k= 6 o IR 2-5 0 o o & TR 47(1985) B S A
BRERRPTIE - F GL26kN/M SHEBRRE 0 £ 5 556
KN/M® o 5 ¢F » g0 41 B (2004) » &4 5 4 Bh A 2T % 3 g5 E (7 5
BERALE > FFE =€ 569~9.8kN/M>; 5724 (2007)44 4 o ~
PR EBEEEREN L FPE=F A 8550 64KkN/mM o

225 PN AR a2 B E

Wiy g = & (KN/m3) % kR
SE¥-F P 6.4 B = 1% % (2007)
R R B 5.0 B i 12 %(2007)

ABTE S5 6.9~9.8 - #5 4 R (2004)
NEAES IF-F P 9.8 Hm B # 4 R (2004)
S RCEE 4.9~6.9 - # 4 R (2004)
Mﬁﬂ% 6.3 R M 5w (1990)
AR IS 8.1 R M 5w (1990)
R B e 8.3 RPwE #% 4 (2004)
é‘ﬁb'f%aﬁ:% 2.6 3R 5 4 gk #4(1985)
AL 5.8 Eel R
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223 AMAERNF T BA &
AT - B AR FHARY Y PR AR L B o
PEAIS RS ILE PR DR R ARG E e g1 Bt

FEP-FE N A M2 ERE TR o

B BHR 8- S F 20~ A2 § % (Landva and
Clark, 1990)~#L3» + 4] & F 35 ~ = $h:£5% (Singh and Murphy, 1990) -
F & A 47 (Singh and Murphy, 1990) % = ;% 4& iz o

2262 22T RN -EFFU P22 RELT S RAE -
Landva and Clark (1990)#-7 Fr PF Rl — 3= BEZ W p5is GOk A P 8 (7
FNAAE TR SEETHEPN BEL A 24°~42°2 FF 5 i H
Als 3 B 0~23 kPa eaph B 4 - 5@ 3 (1998) 325 A &%wéﬂ o
Bl e AR E BRI RGP LR RRIFRS
% BT o iiﬂ\i@#%i(@l;‘i’@i?v‘ C)*®EF VR B ALY

B 12°~26°2_ FF » 2R 4 A 44.1~19kPa FF o

Singh and Murphy (1990)12 45 % p % A5k 2 LB F ¥ 7 5]
SR EAL AR CE QPE L HME R TE 2-8 ¢ o FIMEK
MR BAT RS LR R RN ESER S RA T AR

S EE -

Kavazajian et al. (1995) iz iz 5 T 45 L £32% F B 247 ~ F % 2 &2
By A3 E PRk b T2 R HFEgF X irss /Y
To- BETRA R R Yo B 2-9 2t 0% 1w i 4 43 30.0 kPa
Mo B B4 5 240KkPac Agsh 5 005§ v b4 <> 30.0 kPa p¥
PIB~p B4 5 OkPa» A¥cd 33°-
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Eidetal. (2000)R|% & <~ A e 2% % ¢ F 4 phifz B HEay
FREAT S5 Z2RAMABAF 2 %A 7N R4 250kPa 2 B é
35° 4[] 2-10 #7151+ - 2R @ Kavazajian et al. (2001) 4%+ Eid et al. (2000)
TiC B e R TR R A 0§ v 4 42iF 150.0 kPa {8 - A4
FOPRE NI R o FILHM RS A S H - R Rk e

Mitchell and Mitchell (1992)gL %3] » & 3233 - & = B (iF
EoBEMRN FFEPAE I BRSFON RS I ARRS
SR I TR g AT BRI RS- BER i
¥ Z}\!% o

MR (2002) 3 BERIp F 2 /}% P B A B R A AP M R
3% c(kPa)= -2.35¢ (°) +81+17 ¥ b » iR /i F (2004) » 4% 5 A Bh A~ 2T
IR riReiFEp T E% £ ¢=10.3 kPa> ¢=38.9°;
IR (007 HATHRP T s N HFEPRETIRE S A E TiE%k

& w) F18 ¢ =33.55 kPa » ¢=32.07° > ¢ =34.9 kPa » ¢=37.9°
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%26 BRAF T4 BARE

< e iR B i ¢ (°) REA C % S
(kPa)
Fang et 15°~25° 70.6 FREBEEAFFREBZRAE DR
al.(1977) %
Oweis et 20° 19.6~245 | d Mdal (P& Afi3 3
al.(1985) L S T HESSEN 1)
STS(1985) 30°~35° 9.8~24.5 dORA ik
Dvinoff and -k 4 55 B Cu=38.3 kPa d - BURR b4l
Munion(1986)
g A S 32.2° 44.1 pPAFEERL T
(1981)

M7 (2002 )

B gz p B4 cAp B 25N
c (kPa) = [-2.3¢+81) +17

P5¢ 4 (1998)

12°~26° 44.1~1.962

BERP g

&5 4 B (2004)

38.9° 10.3

S
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4.2-7 Bx 5 $ 3 4 % A& @& (Sadek and Manasseh, 2005)

T4 5% R Sk ¥ pE kR T4 %A K R
ckPa) | ¢(°) ckPa) | 4()
Direct Shear (LAB) Back analysis
19 42 29 22 Pagotto & Rimoldi(1987)
19 38 Landva & Clark 78 1
(1986)

10 33.6 80 8.5

16 33 Landva & Clark %0 L

19 39 (1990) 57 3

22 24 40 13 | Singh & Murphy(1990)
35 0 0 35

70 20 0 38

65 3 Singh & Murphy 35 14

0 38 (1990) 20 20

0 42 18 20

15 31 27 19.5

0 39 Singh & Murphy Misc.

0 53 (1990) 0 35 Martin & Genthe(1993)

0 41 Golder Assoc. (1993) 10 25 Cowland(1993)

5 40 10 17 Jessberger et al. (1994)
40 39 15 35 i

5 20 el Greco & Ogget 235 20 Singh & Murphy(1990)
24 22 (1993) 0 35

10 25 6 23

70 20 3 30 Kolsh et al.(1993)
23.5 22 11 32

7 42 Jessberger et al.(1994) 10 23 Fasset et al. (1994)
28 26.5 10 32
2:)'5 28 Gabr & Valero (1995) (7) 23 Jessberger et al.(1994)
10.5 31 Jones et al.(1997) 0 40

50 35 Pelkey(1997) 15 15 Kolsh (1995)

0 26 18 22

43 31 | Kavazanjian et al(1999) 5 25 Jones et al.(1997)
24 18 Mazzucato et al.(1999) 0-50 |35 Eid et al.(2000)

Field testing Triaxial tests(LAB)

80 1 Singh & Murphy(1990) Gabr & Valero(1995)
100 1 100 0 (Ccu, Bv)

10 18 Richardson & 40 0 (c’, ¢)

10 43 Reynolds (1991) 16.8 34

10 30 Whitiam et al.(1995)

22 18.2 Thomas et al.(2003)
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350.00
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>
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200.00

(1987)

150.00
29

Normal Stress (kPa)
4 38 & (Kavazanjian et al., 1995)

s

L
=2

100.00

-~

7

0.00

5 R 47 3 & §F 3 (Singh and Murphy, 1990)

+ Landva & Clark {1990)
Town of Babylon

= Pagotto & Rimoldy
s Private Facility in Ohio

® Jopez Canvon
+ Richardson & Revnolds(1991)

L
¥
#* Operating Industnes (OI)

24

»

5

+ 15 [k
=t +.:—#|-
T R 4
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200.00
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100.00
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100
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6

(2 JY) pauang mwayy

B 2-8 -

(ed™) (L ¥3%
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350 . : T T r . .
(1434 cm x 287 cm Direct Shear {Landva and Clark 1980}
1150 cm x 150 em Direct Shear (Richardson and Reyrolds 1991} -
300 | | <1122 m x 122 m Direct Shear (Houston et al. 1985) L
£ 150 cm x 150 cm Direct Shear (Withiam et al. 1995}
<> 30 ¢m Diameter Direct Shear (Edincliler et al. 1996) A
v 457 om Diameter Direct Shear {Geosyntec 19960) ot
250 |- |6 30 cm x 30 cm Direct Sheer [Earth Scierces 1997) =
g .
-
=< 200} ]
oo
—
(O]
=
w150l g
oc
|_
w
% 100 L H
o
@ A Easterr Ohio site
50 -
0 1 1 1 ] I 1 1
1] 50 100 150 200 250 300 350 400

NORMAL STRESS (kPa)}
B 2-10 H4gA 3 42 ¥ 4 3 & (Eid etal., 2000)
224 FRAR R & WIS HCES fp vt

#2-85 R & Jﬂz O T B R P B BES fp b v 2 @ Moore

FrPedler(1997) 2 d IR# # 5% #7417 > Dean® A (1995) R 2.7 % % *

H oo
£2-8 FMYA A BB FHES p bty
TR kR E (kpa) v s

Carvalho(1999) 265x10° 0.25 ER

Dean et al (1995) 40~55 - ENRE%

Manassero et al (1997) 8x10° 0.20 -

Moore and Peller (1997) 50~700 - Ry 5%
Wall and Zeiss (1995) 43~52 - ENRE%
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225 1 LA H KPS
PAWELFH RAREAFES TR LB TRE G
EF 1A~ PRERIEVGREE TR R z%r]niﬁﬂg AN

EXS TR S N E-E A T

=

BPAWHEEIE A TS RRE SEEFR IR Lo AL
Alea AR > HE T LG 2 1 %F (Smooth geomenbrane) »
He A# G BEL 95 8% A i if(Textured) s 1 % H 2 3)#
B d w25 v B KA FAR G T 4 0 AL BRLE R
B AR e iR FIt 1 bk ke G SliE o B
B dEen i A R h® %A R e % (Smooth HDPE) & ek
R o

Mitchell etal. (1990)2_ 7 3 45 &1 /i & #F G AR B & S T A &
F e EFe i REREE > a Kavazanjian et al. (1991)
Yegian and Lahlaf (1992)F1] * 2& 5 &3 c 8/ 7 & 1 W H &2 3 3 4
hHB R EAREERE LR HAR G " Flpt v I 5 38
P EEFTREFLEAFT oA ESNRAEY 2 F
Bt HEXFI 2FF k2 ie RERY -é‘i‘%é«’ -2 WA
TH6°% 30° FArL 51 LR G A F e ELE B ERA ¥

FRAR AL BT 4 55 R 4> 44~83 kPa (Augello et al.1995) -

1345 Ellithy and Gabr (2000)£%2 5 » T & 2 b+ 1 % h 22k 3 8
R A R b EF = 6~11KPa > ¢, =2.2°-82°; Ak &
P 5 Cp= 3~15KPa » ¢ = 4.8°~19%¢ ok G 2 3 1 WH B gk 1 [F ehn
T4 5B > bk &P = 6~10 KPa > ¢y =3.2°~14.5°; A 4 & PF >
=17~27kPa » ¢, = 5.7°~24.5° -
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1245 Martin et al. (1984)%= % » HDPE ¥ 1 %% 22 p) 2 A e
Bd 9 18°> PVC w1 5 F 1pj2 B enBfrd ) 23° HDPE # 1 %
TR 2 B AR 6°-11°5 PVC B 1 E B 1 B2

-~

BB i ) 11°~24° H & a7 7 Hcdp B ot > Bifrk o b 1 9F o
B+ 5 A 17°~25°2 /% (Koerner,1994; Orman, 1994; Stamatopoulos

and Kotzias, 1996; Day, 1998; Liu et al., 1998; Stamatopoulos, 1998;
Luellen et al., 1999) & # friko 3+ 1 %-H ez 4 B & B & 19°-27°

Z B mApAEE A 17°-24°2 B (Luellenetal., 1999) -

Voo B FEHFI RS (2004) 0 IR F F B % (4
ASTMD5321) > +18 & 64 F Lo B RARE ¢ F2 b 10F @
o M 4 5 B Aok 2-997T o

Mithell and Mithell (1992)i& 7 2 &% & 2. 2 &5 4 F% % £
WO RHKEEHET R 2 X AEERE - KGR AREERL H1-2°
E TS R ERE- KT L34% 0 Y B A R A
PRBPT Ae 2 RSP R AREL B 2R AETAITE LY

oo B4R THRARE o
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#2-9 BawgHFetgEha T4

w A (5l 7E > 2004)

/%/%pé%% -ﬁ%;;l-_

fI* 2R B 7

Qian(1994)4x & 41 41 & %

AR SRR R B

+
=~

= L
l/'r\'_"

2-10

P S

E5) =

AR PR
B R AR 0T 2

% 1

F i Tl X

H - l[ﬁixE’-f‘r v m:}fg
Bk B
T M G D b

J< A = —E-‘,)r‘r/ie

B LR R i i R R

9.2x10%~1.1x103 cm/s -

Geosynthetics Soil Co-rll-g?ttion (kolz?a) ?rmeri;rsﬁrff & (kcp?a) Reference
Sm HDPE Sand | Hydrated | 20-60 | 0.0025-0.25 | 26-28 | 0 KO;ticl’ggal')s et
Sm HDPE Sand | Saturated | 14-100 | 0127 | 17-18 | O g’l""(‘;ggj)t
Sm HDPE Sand | Saturated | 5-25 0.3 19-27 | 0.6-0.7 H\Qﬁ::m?l%%d?)
Sm HDPE Sapolite | Saturated 5-25 0.3 21 0.4 H\é\ﬁ::g‘r}?l%g)
Sm HDPE Clay | Saturated | 5-25 0.3 25 1 Hmﬂminggi)
Sm HDPE Sand Drain - - 18 0 I\gli.t(clhgeglzc)et
Sm HDPE Clay Compacted - - 15 - I\gli.t(clhgegl);;:t

22.6 FIRARN P g okiE
FRE AR P e S BT I ISR RP R < R R

9 = F LHF R F"f"
Nok A2 2 A
BVl BB EEER R R

%% a2 R TR 8 T g

33
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£2-105% 7 FMA D P RS GETHEE

2(&F

%% 4 5 2000)

FH kR ¥ = # (KN/m?) %% ¥ cm/s B2
Fungaroli % (1979) 1.1~4.1 1x10°~2x102 R 0 B RB T
Schroder % (1984) - 2x10™ iR BT RIFE

Oweis % (1980) 6.4 (f3+ 10° dOIRF R TR Y
Landva % (1990) 10.0~14.4 1x10°~4x10 F

Oweis % (1990) 6.4 1x10° M
Oweis % (1990) | 9.4~14.1 (&% 3+ 1.5x10™ oK IR
Oweis % (1990) | 6.3~9.4 (i3 3+ 1.1x10° Hn

Qian(1994)

9.2x10%~1.1x102

dﬁﬁ*pi‘% ‘}"/\?ﬂlg-;-

227 fEHF S

CATF S L U E R RS A

I

\““b

R W

B g2 A

A %z (slaking) -

fic B R FF A LU R

amﬁﬁ%iiﬁﬁ*ﬁﬁﬁ”%

2mAE B R

Eg’i‘;{}k L 3@%&
SRR IR BE RS L &

MR ZEESBEE T

SEAS AR

|1'T—'%lz oﬁ‘

FIo 5 WA KA R L AL g

N A T

—_

I
7

L < s om b gt E A

L F v R ow kol \——'/r'f”‘zﬁuleﬁi ’ "i—"‘%

745!' o
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pa
,4 }El,.‘d_v”" ’

FREA SRS H

B2 R AR AL g S
BZPFARZBFEDEL > B L AT
AL PREeA F o dodfeeg s i B RRER R KR A 0 i
Rl %@‘Fﬂ‘&g&ﬂ % #c kglem? 2+ 3
¥ R 5% A&t 100 kglem’

200 kglem? 11 > dru] 4

A HR LA

|

frees

”%—LJ}T’L& L H‘E P g__ ’ Fﬁ%ﬁﬁ@i\‘}; f%.g/il,ﬂb’_r
IR T e e 1S

4 LEp o

Foh e EE
3 TR B

LR A
G & T




2211 SR%E T4 25 ¢ HE% A A 5(ISRM>1981) £ 2-12

SEN IR P SR (B ¥ 4 5 1998) -

22-11 MEE 74 245 ¢ HR% A A 5(ISRM > 1981)

Ba B A So¥E H %% A (kglem?)

& 33 # (Extremely Weak Rock) Ry 2.5~10

H 33 # (Very Weak Rock) R; 10~50

33 # (Weak Rock) R, 50~250

® 33 # (Medium Strong Rock) R; 250~500

3 # (Strong Rock) R, 500~1000

4 53 # (Very Strong Rock) R 1000~2500

& 5% £ (Extremely Strong Rock) Rg 2500 12t

£2-12 BN 2 2 B MR Rdich (35 2% 4 5 1998)

f,', ‘g 1 ]\,};},\, R ;é'%\: ?;Qﬁ'{
¥ F [ Zqw
n@m?) | on () | gu(kglem?)
A kA 219~2.25| 9.6~12.9 5.5~35.9
¥ F)# 2.25 11.2 10~17
S T ) 2.13~2.36 | 9.8~14.2 1.7~15.9
P 2.16~2.38 | 5.3~18.9 1.9~16
A 2.16 13.5 70.3
, _ Yoy 1.88~2.26 | 2.2~21.6 0.2~26.9
w & F f:FLAv\ ¥
P 1.9~2.21 | 3.8~23.9 0.3~34.5
Yoy 1.82~2.00 | 9.0~14.4 -
N A /A
e 1.91~2.15| 8.5~28.6 1.2~9.7
i 1.83~2.19 | 6.8~24.8 1.0~25.4
EES e 2 1.81~2.23 | 8.9~24 0.9~31.2
Fiik# 3k | 1.84~2.14|16.3~25.3 -
BE ) # | 257~2.62 | 1.05~3.06 | 85~269.9
, SRRy # | 257~2.63 | 1.09~4.27 105~559
= i ?P é]# . ,{,r 44
F R ) R %
B 251 1.1~2.0 | 168~559
kbR E
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117" & & 4 Dobereiner and De Freitas (1986) %t 4t 33 #) 4 01 42
R g
1L e A E Ry RARG > 2R HARF o
2. HRPFHRY ORA-BEM ABEEAM Y AR 2 RRT
AT € B AR o
3. A KRR o EMZ I IOR RN RIR 3 b B H S RS0
2RI KR AR A AR R o
4, o FRREWBERAET o F HRRE | 320MPa FF o H BUR A N E
A e B o K7 U Er BLeRE e d

5. A FMSHE Sy o 3R dRfd(grain contact) £ 55 & 2 A1 0

6. HEHFEAFBE M2 I & S 80 5 @ EkR)mE Ao

Oliveira (1993)4p #1435 £ & 5 T 7L ¢
1. %25 #7500 1 5000MPa z fF o
2. B iRpEM o AN RETWEF BERR L -
3. F A FliciRBHk A A 4 ) H47(Slaking) eIk % o
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4 FAARRTRRE CRFIH

. . (S
2.3 FE p B2 A
S REHAE AT KRS B a2 B R g B
q > Kv3 - d g , v PN o > _\ N s> g '} 2z
— 8 LI b - 4 P _— [ :
a@}ﬁ‘%?aq_&}%’@‘]q\d\fiiﬂ|1FE?¥,’%}\4EIJ|? ,T’IF?F”{

Jed Afr oA E L BRI AER P RIARZ 4 AT RS 2B

"

BIp o 2 SRR S B h2 B8 s BT R

3

AT

SERALG - H2 AT HEE BRTH G L FF T RIS
diEo L FERRA BBISUEZ BT R FF R EE 2 BT T4
(Miller and Hamilton, 1989 ; Michalowski, 1995 ; and Kim, 1999) » & #

B A R LA

— AR RN KRR EEY & 5 300 (Confined flow) #7240

*Liw(Unconfined flow) @ ¥ 2 £ B 43055 Pz F R 5 2

AR R T A - AL @R R T d ke o FPRIRGE S
FHGF - A2 pd ke o Flp 2 RHVRL AU fho R
fE 4 %00 B2 f247 f2 = 72 5 Dupuit (1863)~ Schaffernak (1917) ~
Casagrande (1940) 2 Kozeny (1933)% = j+ > fi LUCESI P R RS
}:’1’3 °
1. Dupuit = =

Fof2 240U R AEE 5 o Dupuit (1863) 745 41 » H 3 B4I3E T
37



B i R

(@ % pd ke (XxTEPRF JRARFTARL KT > @ ER G BT L
B o

(b) -k 4 "% (Hydraulic gradient) %>t p d kg enhl 5 ¥ &R &
B o

B- 1 T HEETe 4oB2-11 #17 o 1% Dupuit % (2)Ex v 7 2

qg=k—z2 (2.1)

q=1-(Hf =H) (2.2)
FPL SR Eacb 2ok TEEgE o5 (22) A - eFap
Koo — gL 5 Dupuit #2474 o w0 i Dupuit 9> 2 325 - 9

F RERELE DR EBLER o BT A kR g o (H,=0) 5 p

gk H#R A ERE ¢ B TR B kG o BN
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x /
AdkE | 1

H?

Cm\ﬂr
i)

Bl 2-11 Dupuit = ;= Rjf2p d K& 7

2. Schaffernak = j*

Schaffernak (1917):2.% 2 #3F ™ 58 6 33 — % 11w (seepage

face) > @m H7~4[* Dupuit % (2) BERAXREZNG 2L - T g
- &R 3 R BéTe 4oBl2-12 A7 o JIF T AFEHITZ =

ﬁ"ﬂjbce ’ E'“%)'Eg 'ﬁ}%—)izf/ 'E_ EY
g = kia=ki(be) = ki x| xsin g

_\ﬁlk 7/7‘%2/?‘&'{"1 ',\im{)ii BWT/;"?ﬂ\iﬁng’ké}
2 &k o Fli=dz/dx =tanf >
dz )
q= kZ& = (k)(Isin g)(tan B3) (2.3)

HAN (23) 7@

f:mﬁ 20z = I.dﬁ (Isin B)(tan S)dx

v

Rfp st e @3 L2 | 50
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d d’ H?
'= cos /3 _\/cosz B sin’p (24)

z 7 7\ VA

adkE | 1
H b
=
D
| € |
L d 1
@] 2-12 Schaffernak = ;2 £f%p d ko 7+ & B

23.1 % ‘Qm-} Ay DmUAE

— AR F R B AIT PN I FRRAET A BT RE2
(variable mesh method ) % & z_%#%;% (constant mesh method )
1. 7 Stz

Zienkiewicz (1966) 5 4z * F A4 = 2 KfFF Lz Kk
PR RE > FFTaylor % A (1967)4 * & REH 2 AF L L &a{ck o
ok FWHZ MR A3 218 L Bpd Radli - 2 &Kk
Ao B 730084 47 (Confined Analysis) » & {89178 p d ko +
SR F N EE A ENEB RPN EEA D R RS T R B
BHBREND PEEFZF R E I BT R R
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BT e F R BRI R A kg R R e act

P - Neuman and Witherspoon (1970);% 5 =3t p o -ka 223 1 5 &

il ke Fo kR i ¥ S 2 e RS )

K EER LSk By BT RAD kG PSR E GBS E

HB AR BRI B R BB AEpd ke 2 &8fyesndd
BRAE B2 PREAGFIELHI LI AR I ke PR ¥
v s K facz B 5 ok - Oden and Kikuchi (1980)z%n % @ #- /a7 % 4
Yo 453 2 ¥ i R BcE b g 4 0 ¢t ¢F Cividini and Gioda (1984)
LR R AR S AR £ AT B i (flow matrix)
ZURRIE o HAT AR A2 SFHARR € R IE R Ao
2. HERBERZ

Biaochi (1971) # £ 4]* %4 2 % 5% (variational inquality ) 33

NEfes A F R R AT PN NS AR

—\\

4 Baiochi (1973) { i — Hat W pt 3 2 kfg? — & {4 fe N m Ak 2
3 Fekiw > @ Brezis (1978) R 41 * Baiochi (1973) #r4a % % 4 7 % 5%
7 RS - HRRA R RE A ke iz E o Desai (1976) 0] 3 &
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S — gk (residual flow ) en= 2 FAe & 3 T2 F Bl E pfiE k

e

FA A kG g A RN AR B R T

DGEME H M2 A

=N
pe
o

FT R RALEE BRI TR S5

A FAES BB R P - S ] H R R -

| ¥

B. Rt AR BB T R HEE T LW - GRS D RS

FEERZR G € F A PR
D. xj‘hqﬁ” EELEL L T OB R E i RiEA Y ’;’gl&.ug}ﬁgﬁ;%frg»ﬂtﬁ
AR E o RN e B FER R KRR EE 0 F

WEE PR L F e KB

AN

7

E. ﬁ*mi’*’ PR Bl L T R R AN S D kG B R
WG % > a FEeR? Eagriicpd keord 7
e s TR F 2R ARFHRY > KA TRERZVT R

ok B D G BT Bk nF o
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24 FH &l
241 83 A FaEF e TS HES
Mo Al RN PRSI RAPFRE LTS

F e et T PR 0 A Bl4kit e (FRE R > 1990) ¢

0

- FEREAAT

Fr2 IR PRI TR T RIFEA SR
He AT s > FI2 i ~ig > B FARR Y o pLfF> 27 B
s e A RS (DRGSR TG T 0 AR R A 4L
R B2 ARBAE R R AR AR E A AW (2
Mo & - ]}ﬂgf»ﬂj IR A D SRR ;3;.1@3—][\_1:_"_ >R ARiE

REHE RREREDFFEARGT 3 AHLI E2Z R0

B2 FEER C RTUREE 2 IR E A2 BRIk E > H P R

RN IR B G- S ¥ «ﬂﬁﬂ%f&;ﬁ%&ﬁ&o%ﬁ
@

BRI RG B ET4HA R ERERIT AP B ] MA
A HAL T R R R ER Y RE TG RE

A R R RERM AT S AR RS T 22

=1
R
S

BT RELAIE TR BT RLIIIR- FELKTA (=R
GBI RRAME L) S R AR B A TR E R

714+ Seed(1990) #% ) -

-

FEEESZL B RTL
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ﬁvﬁ%%/”\*{“;’%%”‘“ﬁ%“’ﬁ:%i’%zﬁﬂ%ﬁélﬁaﬁﬁ)@% ,
ol B AERRE AR T2 BRT S B R o RE - RGE
BE T

L s}

TR TR RTI R AR RUE Y R 2 JET

ETTRS

o

Bogr 2 EEP R F 4 Newmarkiz  (Newmark, 1965) 5 7 4 41 % T a4z
;7' (Seed and Bonaprte, 1992) 2 3+ F4d2 F & & 47 (Aderson et al.,

1992)% = j& %k A 452 o

242 &1L ik

& LT g7 (Limit Equilibrium Method) & # ik

=

Bk s ARR T L LRI R -
2. BEBAIPFLR 2T M-
3. LEHGBEXM
4. B b oihE - gEE > GfIOp R o
B9 ik A 47 B
1 ABEXZEEFRLZFEe o
A S R A S e AR

4 o

3‘21;

7
—~

OES

3. MHHZBREET A fprt s FEL RG22 E > o

4. LK Y - Fazfdoa o £4F4HHLT4

3N
T3
dr|
)
A
nd
#
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g FIPAF Bl o B Y B2 % 2l TS AT

TAERFE A T E > A A B LR A S A LT

/2-': iﬁ"ﬁ(—i k\i%" xz‘\:]f:

FS =

(2.5)

N | »

CUSE
FHEFOFEL > By FR - A o w2 T R4 AE 2
B2 PP R R WF L HS o FHBEILAT AR b in

PRraT ks Mk £daF2 0 Erg 2k (Factor of Safety)

—i
s
L]
=
e
d
e
1)
M-

BoATER AR A RPH ARGV R Y 22
oY o B R R SRk 2 R 2B 2 KR
4w s T S R * 20 2 2 (Terzaghi and Peck, 1967) o # #* *» &
yES ,I‘J@f’éii%iil}%‘rg FEMNE a3 2 HY A B2 ARG
(@#* 1 R EFE > ez > 4250 5 (b) 5 & = F T2 TRk
(Fredlund,1975) -

MR R EARE RIL > FRE P RS A 2-13
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£.2-13 & 48% %= 22 @ (SR 2001)

A 3T 7R 2R e g e
Simplified Bishop ks SFy=0 F557) 2L 3%
P RY
, ) 0 589 B
Spencer l#4 34T 17 2Fy=0 2 1557
SM=0 R
o P4 e d ERS ZFy:S HESEY: € 3
Morgenstern-Price 2Fy= N
B 2L [ 5825 Bk 5
v s SM=0 BRI
T~EL g s 2Fy=0 -
Janbu A NI NIRNRE X 2Fy=0 2L ] 552 Bk 4
BiEEskE B L Gk IM=0 R

‘tDuncan (1996)%f & /& @ sef w73 2 2 P B R &

W R T T 2

1.

HERFHBLATLRE > a2 ek Hed 1T

WREEIVHORERS S ramfERT > TR SR R AR

S

2P AT ip Bl A TRANER BAR T - B IT IR T R AT
FED S o R BAZFEBERANT UG EPE >
HFvARY TERAEBFAH LT BER B F T ;N7
feps -

- 47 3% (Ordinary Method of Slices, OMS) &= s i3 ¥ £ 5

BAVHORRS FRT g kgt AT EREERE R 00 =0

2 A AT RIS R e
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w
-
PR}
(3
el
|
%
i
&
e
\81
o
o
o
=)
e
=
(—'
e
1:_‘~
|
o
=
1)
A
\*_
N
bl
I3
-

Al
i

P 3
w24

S o BTG A g N B G 0

>~
Wi
SH
=
=
ol
A
IRy

W B A R 3o L% Bishop f b2 3- 5 s F 2 % > Bl
— 2 B 5 (OMS) & -] > ZRAEF suE Bishop f§ iti2 7 5 & #KE
PRT 0 AR o - At B2 (OMS) T F FlRAF 2B % o A

P dE e e BRI - A2 8 (OMS) 2 Bishop i it % i 47

PEO SR REE R RIEE
4, MFEA T R TR T 2 Gl BHATER S B e

2_¥E & (inclination)#& = A » 7 i § 2 BR BERE > h#ics Bk
5. & &t T fFiE 2 60 2 (4cdanbu 2 ~ Morgenstern and Price 2
ZrSpencer i) i P iR g8 AR PR LR TR E AL
PTiB 2 R M 7 AZiE12% o AP Y- R G A
TFEZ FRAEFLZ L A EAEO% M AT il B E AR B IR
T Ry BERAE
25 H AT %
1 % 2(2007)4% * SLOPE/W k &~ {7 @ H i g e fm > m 1 &
FrEg:HadRktiha feiPIHE B9 AT RET UL G

B AR (1) A 2 R (2) R R B R R
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7 0 NUTF BE S IR Rl B el % e i o

251 &% B o472 iR
A - PRI e A4

- PR FRIVEE L > Trllc 0 & A 4702 v 2 g % Spencer
2riE % > ek B 0 Simplified Janbu 2 #riF % > Glich K 0 4p ¥R
%= o Spencer;# % Simplified Janbu j* & %t 4t2)- 3% ; Morgenstern and

Price ;2 AHZ L& S dcpf > AMA5 57 RA]; 7 Simplified Bishop 72

P

LGB, AR o e EHERT o B AASH - 3R o 14 Spenceri
L a0t fe o Morgenstern and Price 2 £ £ & 5%7% = + » Simplified
Bishop = £ 8 £ % -2%~6% > Simplified Janbu ;= £ £ &
14%~17% -
B. - g fEe st

L4 4 A7 0E v i s % o Spencer 2 % > T #icE % 0 Simplified Janbu
ZEAPHEROET o A A 72 A - & o feMorgenstern and Price i &
FRAERLFSF T o d MA@ Simplified Bishop 7+ A
FRERE REHFF T o HRA A HP] o rSpencer jE 5 £ B gk
f > Morgenstern and Price ;= £ 2 & 3% = + » Simplified Bishop /2

£ 3 &5 510%~12% > Simplified Janbu £ £ & % 22%~23% -
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252 #HAFFEBRABR LN

L SR RRRIER RS NAE LSRR FLE ¥
H)~#HaFArxRL R HFa5d Lge (o) Harxse s
ERB)BEAFT A RRCY) 2RI ESHER G T4 58 R (Cadl)
- RS E- s At o

AP EERT OEE AR £ G (6=15°a= 60° -
p=45°~H=10m-L=30m B;=3m) ¥ Bk & F&aHk o7
BT AR URERFE A2 ST (DR BEE(0)L S
19° FBFIARZ ) IEMEEFB RS T 8m )
ER(L)2ZHRA40m> (O)F Fnds 2 T 55 R (B 8 3

M G)R] % Fohit & ()7 12 3£30° ~ 45°% 60° ~ 75° (6)45 2. 6 & & ()

3% 11 %+30°~60° -
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AREGEFTIEARLS e AR 31):(L)FE g andz(2)

SEEP2D % i~ 47 (3 )SLOPE/W :# 3 £ T 4~ 7 (4 )FLAC %)~ 17 ©

31 A inde

d 3 AR R TR SR TS oI B s R E
Fokid BT 23N HORE £ R HCOR R B TR RS AR
RTINS LR A HFEE RIS G PRI
WL i e AT IR R B R HN R B ST 2
Peliez B 5F o SR UT iz @02 g HoR 2 )1 el 5 AL
AR B s %5 .

BinA e AE Bkl 5 SEEP2D > A B AR LR K 0 A
P EHEY T RERZ LA HNTRHEAEFAKRTS HFEe 3 (H)
FEERNELARAL) - FRFHE 2 T T AB) - HEFAINEL LR
(@ 2w B ERP) EF-H -~ FE- k72 sandc®%d
Ao

FH AT AH T SLOPE/W » S8 & 255Kk 55 2% 55 4 {4
ARApR RS IEIEIERG T4 R (Ca d) FEER
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FEA T b 50 RIS IR S S & B
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FE PR e L a7 oR(NoFlow) » 3 Tk a3 8 4ok s
;“ﬁis?p kB REEEZ2M-5mM-8m-~10m#15m: A H @ A5k
SHP)F S g TR

A2 R G A5k FlF 2 & Ao B]3-13470n 0 ARk FlF A Sl
o 3-14 95T o2 FEFEF R AT M S e - RS EF o
HAL M 4o 4 3-15 #1F o
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%3-14 - fpRFRA) 37 ¢

e fE H(m) L(m) B(m) a (°) B ()
1 10 30 3 63.43(1H:2V) 45
2 10 25 3 63.43(1H:2V) 45

Grid  Simple Block Radial Slope  Library

Blo| glwE [FQS|HCiele] LE LiE R ol@QUt[4]«[>[¢]5]

Plot 1| Plot 2 | Plot 3 | Plot 4

tate: [sta2oder_L30_2185.5av] <No tif's> - Right-click to restore, rename, or delete.
B 3-13 = Fedwi A & 3w A5k Fl5 TR
%3-15 - B EES A HE L8k
P Sk | H = & (kN/m°) ¢ (kpa) ¢ () E (kpa) v
B 1 K 10 c=34 ¢=35 200 0.25
* o K 10 c=0 $=30 350 0.25
B 24 $,=245.25 ¢, =0 10° 0.25
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£3-16 - FERRH- L R HCR B AP R

gl &=

SRR SRR LR
H(m) 10~15-20
L(m) 3040 ~50
A feas sk 53 B (m) 3-4
a (°) |45~ 63.43(1H:2V) ~ 75
B(°) |2656 (2H:1V)~ 45
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Bl 42 3 Toki=B R 5 5mz3 K kEA R

Bl 4-3 = T Ri=F &5 8mz it KR A T R

Bl 4-4 3 TR AR L 10m 2 3t B oRER A G B

SRR AR RRE KR AT R BEAP AN 2
PCHoKRA B4R 45 1 B 4-9 T o ToREF AKRA S 2m s
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5m~8m-~10m-~15m-

Bl 4-5 » TRi=® R 5 2m 23 KRB A T R

Bl4-6 » T-Ri=B R 5 5mMZIH-REA TR

B 4-7 ¥ TRZF RS 8MAIHARRE G



Bl 4-8 ¥+ T ki3 &R 5 10m 2 34 KBRS T B
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230mpF o, & > g K 0891k 072> 484 0175 & &% S K
TPEE > GEBE 22882 0960 4 £ 7 132 d pt¥ A F B
RiA&g pF o B > Gl AR g R o B4l S -G
% > BB R ACRER RV M R % 2 REEF R R
fem 3 RF AR VR R BRI R I AT RE
% > x#cFE 2 Spencer £ & £k %% > Morgenstern and Price j# A gt &

19 % > GBLBEEES R H)R ben R LB ES TR

- P45 ¥ 3-Spencer & 7%

2.5 0=15°
L=30m

50 G\ a=60° » f=45°
_ .\\
& 15 ——h=10m
(40}
- —&h=8m
© —
§ 1.0 -— —&—h=5m
(&)
i ——h=2m

0.5 .

—o—a@ K
0.0
10 20 30
H(m)

Bl 4-10 - refadh e fo% > e HE20 3 2GR



F 41842 L 5 - HEFR G FEE HINE EBRZE >

B g o d 2412427 g d s HIVE KB E > iy <

WG E 2l LT AR § i F R G E L e
ya},xffxﬁjggixﬁ/@]ﬁ@,ﬁ;ag%‘gi;\i%}ié—_lomi 30mpF A
ik iR AT A R GECE N A Lo gt X 2B EFH RS

B R (H)A 4o A i o B Y B 412 5 - FER R RURE 2

\\E"
S
T
.7“_.

BARSLMGEE 2 GEEF R RFE R R A

a
~=h
"R
By
(\s,
(s

o

24-1 - PR G e % >N GA (T RFEG 3 REZ L)

FS
yo & % Translational
b A h=10m h=8m h=5m h=2m h=0m

H(m) M-P | Spencer | M-P | Spencer | M-P | Spencer | M-P | Spencer | M-P | Spencer
10 0.819 | 0.888 |0.990| 1.070 |[1.369| 1.475 |1.815| 1.956 |2.110| 2.278
20 0.897 | 0914 |0.963| 0973 |[1.091| 1.097 |1.240| 1.251 |1.344| 1.350
30 0.783 | 0.724 |0.805| 0.748 |0.862| 0.810 |0.938| 0.881 |[0.976| 0.955
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Factor of safety

2.4

g
o

1.2 —

85

—€@—— H=10
i —— H=20
—@— H=30
04 \ \ \ \ \
0 0.2 0.4 0.6 0.8 1
Ratio of h/H
Bl 4-11 % > Gl B IOREE R B M GR(- FE R 6 F & RUR)
24-2 - FEREBBRE > GEM A RRFEG 3 REE L)
FS
p 2 Rl Rotational
b7 A h=10m h=8m h=5m h=2m h=0m
H(m) M-P | Spencer | M-P | Spencer | M-P | Spencer | M-P | Spencer [ M-P | Spencer
10 2747 | 2.834 |2.826| 2943 |3.042| 3.041 |3.225| 3.227 3.589 3.596
20 2112 | 2118 |2.169| 2171 |2254| 2256 |2315| 2.361 2.321 2.323
30 1644 | 1770 |1663| 1785 |1.744| 1.863 |[1.805( 1.911 1.854 1.823
3.6 @
) \\\
:g 2.8 y
% i
Fos ./.\I\.\-
2 1
./.\0\.1 s
| —— H
—@—— H=30
16— \ \ \ \
0 0.2 0.4 0.6 0.8 1
Ratio of h/H
Bl 4-12 % > a3 K EE B Bt B A BI(- FE R K BLIR)




4137 F 0% 2 GECEERH G £ AL oq B
P RERPZEI KB ATE 2GRy )1 A
VI ACREE R A8 M T & 2 iy i 4

Toptob s B ki3 BAA10m > FH2e £ 2K 1I0mMI 30mpF > %

-

> i€ i 04283 1 0.89 0 3 4r 047 5 @ |3 ToRPF > & > TRk
J€.0.95 AR 4v 2 2285 H4r 1 1.33cd LW L BARIARE > €
€% > B 4o i R ARC] o % > il 2 Spencer % 3 AN

Morgenstern and Price % et 247 ¢ % > L B E"E F & & (L)%

sem B 0 £ B B d 0.206% 4 3 8% o

- FE4s 2 H-Spencer~ $7 /2

2.5

0=15°
H=10m

2.0 /

1.5 //. ——h=10m
—— N=

Lo . = h=8 m

05 ——h=2m

—— @ % A K

Factor of safety

0.0
10 20 30
L(m)
Bl 4-13 - e a2 s-i o b >R SEEa £ EMGE



A
4~
N

243844 5 5 - IR ER G FE 2 IV AR
B g od 2 ABEAAT A RINE AR & 2
WheFEE GO ST REEY I F R T L FRoER

ORI EBENS T BNk ER R IR I B X 20Ky

\

BAOT L o A g e KR (L) A IV KA 2 Gl & P A
FABE 0 % 2 L RS A

243 - R e e > Gl GA(F R £ REZ D)

FS
B R A Translational
b7 A h=10m h=8m h=5m h=2m h=0m

L(m) M-P | Spencer | M-P | Spencer | M-P | Spencer | M-P | Spencer | M-P | Spencer
10 0.414 | 0.415 |0.413| 0.414 |0.481| 0.484 |0.655| 0.665 |0.818 | 0.950
20 0.811| 0.856 |0.778| 0.823 |[1.010| 1.060 |1.367 | 1.426 |1.603| 1.672
30 0.819 | 0.888 |0.990| 1.070 |1.369| 1.475 |1.815| 1.956 | 2.11 | 2.278

F4-4 - FER R BIEE >GEM LAY RRFE RS L R E R IR)

FS
3 5 A Rotational
by B h=10 m h=8m h=5m h=2m h=0m

L(m) M-P | Spencer | M-P | Spencer | M-P | Spencer | M-P | Spencer [ M-P | Spencer

10 3.022 | 3.020 |[3.052| 3.096 |3.193| 3.194 |3.199| 3.020 | 3.297 | 3.301

20 2.996 | 3.000 |[2.943| 2.947 |3.188| 3.194 |3.086| 3.087 3.178 3.182

30 2.747 | 2.834 |[2.826| 2943 |3.042| 3.041 |3.225| 3.227 3.589 3.596

3. HuEtAdH iR ()
BT RS AR (o) EF AR T D Ml ERF

4ol 4-14 7 > FREFP L ER LR 452 75T B k2R
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BA8miMTE, T 2EfiFa A>3 1 i wBh k=3 AA10m
o RET AR e R G452 75 R A >l 1o g
o FRIKEFREAIE FEST M L R E > G
B g Ax-| o E 11 Spencer j# 5 A % > Morgenstern and Price j# gt &
}9 % > GHL B EEE LR ()R e m B 0 LB B 1% 4 3

21%- % 45 5 - PR s F B % 2K AEA (Y RS L 4

B (0)& % 3k i (h))

- P35 ¥ 3-Spencer 4 37 %

3.0 o 0=15°

/ H=10m - L=30 m
_®

> 25 p=45°
= G/e/
% 2.0 ./'/‘ ——h=10m
s 15 — * —&—h=8m
¢ -
T 1.0 — * — —&—h=5m

0.5 ——h=2m

0.0 —S—g ki

45° 60’ 75°
o(°)

Bl 4-14 - e @8R o F&% 2 GEEHEFT L8 £ A M R
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A5- PR FE % > GEM GA (BT g &R BB k)

FS
b 3Rl Translational
b i h=10m h=8m h=5m h=2m h=0m

a(°) M-P | Spencer | M-P | Spencer | M-P | Spencer | M-P | Spencer | M-P | Spencer

45° 0.904 ( 0919 ([1.057| 1.074 (1.370| 1.390 |1.752| 1.780 |2.024| 2.057

60° 0.819 | 0.888 [0.990| 1.070 [1.369| 1475 |1815| 1956 |2.110| 2.278

75° 0.744( 0945 [1.002| 1.273 |[1.483| 1.896 |2.082| 2597 |2377| 2.980

4, HFrzLa5 38 & EP)

RN ER L EEFFH A RARS X > Ty B F
#d AR 415977 - g RS BH A RAXL > AT RAFOHE
Himdds BFEH L H0ERs AN Fon T FUEF Fo 2

Fenfd s - adnia D5 B ERR AT URE 2GR F o oFHE

B oA A% >~ 12 . 12 Spencer 2 5 £ % > Morgenstern

and Price /2 a2t 2477 X 2 G8cA B B9 5 7%~10% -
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- F¥ 5 2 3-Spencer & 37 %
2.5

4,,,,,,,,ff*3 6=15°
2.0 H=10m > L=30 m
G// 0=60°
L " ——h=10m
1.0 = —&-h=8m
. T b
0.5 * ——h=2m

—— @ xRz

Factor of safety

0.0
21.8° 26.56° 45°

B A4-15- s fo fd % > GBEHER S 6 FE & RN GRE

K 46 814 4T 7 1

N
“}B\"\
It
<
\4
P
P37
i
=5
A}
In%g
o=
g
T

A

b
)
>z

=
=5

FS
3 5 A Translational
by k] h=10m h=8m h=5m h=2m h=0m

L) M-P | Spencer | M-P | Spencer | M-P | Spencer | M-P | Spencer | M-P | Spencer

21.8° | 0.439| 0.491 |0.588| 0.645 |[0.922| 1.001 |1.355| 1.467 |1.651| 1.786

26.56° [ 0.597 | 0.659 |0.730| 0.798 |1.078| 1.168 |1.517| 1.641 |1.814| 1.963

45° 0.819 | 0.888 |0.990| 1.070 |1.369| 1.475 |1.815| 195 | 2.11 | 2.278
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FAT- PR A BT 2R GA(T RFRER I & B 2% 00k)

FS
B %E T Rotational
b i h=10m h=8m h=5m h=2m h=0m

L) M-P | Spencer | M-P | Spencer | M-P | Spencer | M-P | Spencer [ M-P | Spencer

21.8° [3.429| 3.438 |3.827| 3.836 |4.418| 4.428 |[5.040( 5.051 5.280 5.291

26.56° | 3.155( 3.161 |3.347| 3.353 |3.689| 3.699 |4.079| 4.091 4.232 4.245

45° 2.747 | 2.834 |2.826| 2943 |3.042| 3.041 |3.225| 3.227 3.589 3.596

5. Hme KINF 6 B4 (0)
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- ¥ %5 ¥ 3-Spencer » 7 /%

45
4.0 _ _
7 H=10m > L=30 m
- 3.5 // a=60° > ﬁ:450
8 30
[4¢]
w25 A ——h=10m
G /8/
5 20 b//. —&-h=8m
8 15 e —a—h=5m
LL 0/
1.0 ——h=2m
0-5 —o— % 4ok
0.0
10° 15° 20° 25°
()
B 4-16 - FFds @3- h o Fd % > Gl h e B s M RR

#4-8- R o % > Gl A (T RAIE & BEE 2E I K)

FS

B Translational

A h=10m h=8m h=5m h=2m h=0m
o(°) M-P | Spencer | M-P | Spencer | M-P | Spencer | M-P | Spencer | M-P | Spencer
10° [0.539( 0585 |0.651| 0.704 |0.901| 0.972 |1.194| 1.288 |1.391| 1.500
15° [0.819 | 0.888 |0.990 | 1.070 |1.369| 1475 |1.815| 1.956 |2.110| 2.278
20° | 1112 | 1.207 |1344| 1.453 |1.859| 2.004 |2.466| 2.657 |2.867| 3.096
25° | 1424 | 1547 |1722| 1.860 |2.382| 2567 |3.160| 3.405 |3.674| 3.965
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# > Morgenstern and Price*» %22 £ B &5 56% o
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7 2.

\\Xr

¥

1. $0=15°~a=60°~p4=45°-L=30mp* > #5428 & (H)ZE %]
10m-

2. $0=15°-q=60°~pf=45° - H=10mp¥ > 512 £ B (L)z % **
30m -

3. $0=15°~=45°-H=10m~L=30mpF > ¥ ¥ ¥ 5 #c# >
B oM BA Feh & (o)F 22 3% 4 20 45°~ 75°

4, %0=15°~a=60°~H=10m- ~L=30mpF > 542 5 & & (B)= %
/i %:26.56° ~ 45° o

5. #$a=60°~p=45°-H=10m~L=30mp¥ > % & Bk (5)F %

« 2200 o

423 - HREHEAS S ERAELA TS
1 #8253 A(H)

F>REEFR e B AMH)M A BB WwB4-1T9 T o F

o

1I5mz20m: Fd-kixhEzmg AT Z >GEY |51,

F_&
fey
S

Ba 3R
ST IR TE 2 A G 3R A10m A R

DR AESMIMT & > licd] o pEE AL o Bl4-185 - FE R G

R > BB RV 2 MR X 2 R OREER RV H
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#4-9% 24-107 g W R B AR E 2 Thlky < o FH X

ppa|

> o R R G A o R K BUR T > kg
SEF A R e A R WA-195 2 PR K BURE 2t R LK

SRR TR YL SRR S EL BRSO

3o
= #3588 3-Spencer 4 72
0=15°
1.4 L=30m > B=3m
12 o 0=63.43° » f=45°
g 10 A ——h=15m
——
3 o0s —‘m \9\ —a-h=10m
B -—
S 0.6 —a—h=8m
g o4 —a—h=5m
0.2 ——h=2m
0.0 —— gz ki
10 15 20
H(m)

Bl 4-17 - Fe s o e % 2 G HEHF 26 3 AN R F
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24-9 DR G e E M GA (T RIFEG F R EE K
FS
b 3Rl Translational
Zd-kizl h=15m h=10m h=8m h=5m h=2m h=0m
H(m) | M-P [Spencer| M-P | Spencer| M-P | Spencer | M-P | Spencer | M-P | Spencer| M-P | Spencer
10 0.785| 0.812 [0.826| 0.854 [0.895( 0.925 |1.023| 1.056 |1.171| 1.208 [1.266| 1.305
15 0.582| 0.591 [0.580| 0.590 (0.654( 0.663 |0.715| 0.724 |0.799| 0.808 [0.844| 0.852
20 0.518| 0.522 [0.518| 0.522 [0.572| 0.575 |0.621| 0.623 |0.677| 0.679 [0.715| 0.716
1.4
1.2
5 o1
5
S
F 0.8 |
0.6 — —4@—— H=10
—— H=20
—@—— H=30
047 | | |
0 0.2 0.4 0.6 0.8
Ratio of h/H
B 4-18 % > tadcdr % KEE B RO B ARI(S 1R & F B RUR)
24-10- FER KBRS 2 GIM A (T REF R 3 R E S0 K)
FS
P& Rl Rotational
A Akl h=15m h=10m h=8m h=5m h=2m h=0m
H(m) | M-P |Spencer| M-P |Spencer| M-P | Spencer| M-P | Spencer| M-P | Spencer| M-P [Spencer
10 2.182| 2.183 |2.225| 2.226 [2.282| 2.283 |2.387| 2.387 |2.461| 2.461 | 2.475 | 2.475
15 1.810| 1.810 [1.811| 1.812 [1.899| 1.990 |1.982| 1.983 |1.998| 1.998 | 2.209 | 2.029
20 1.706| 1.710 [1.713| 1.717 (1.785| 1.789 |1.832| 1.835 |1.782| 1.783 | 1.834 | 1.835
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Ratio of h/H
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= FE$ B H-Spencer & 7%

2.5 5=15°
H=10m > B=3m
L y) 4=63.43° » f=45°
£ s /'/A ——h=15m
: e
g 10 — = ——h=8m
& ——h=5m
0.5
——h=2m
0.0 —o— @ % AR i
20 30 50
L(m)
B4-20 - P45 - 6 o % > Gl 0 £ AN GH
24-11 S om fdew 2 OB A (Y RIS &R EZDK)
FS
p: &2 | Translational
# Aokl h=15m h=10m h=8m h=5m h=2m h=0m
L(m) M-P | Spencer| M-P |Spencer| M-P | Spencer| M-P |Spencer | M-P | Spencer | M-P | Spencer
20 0.511| 0.521 [0.529| 0.539 |0.573| 0.584 |0.653| 0.663 [0.773| 0.782 |0.853| 0.863
30 0.785| 0.812 [0.826| 0.854 |0.895| 0.925 |1.023| 1.056 (1.171| 1.208 |1.266| 1.305
50 1.131| 1.192 |1.293| 1.362 |1.409| 1.485 [1.607| 1.693 |1.808| 1.916 |1.938| 2.056
FA12-FER R BT > REM GA (T R EG £ R EETK)
FS
LI 5 A Rotational
Ak h=15m h=10m h=8m h=5m h=2m h=0m
L(m) M-P [Spencer| M-P | Spencer| M-P | Spencer| M-P | Spencer | M-P | Spencer | M-P | Spencer
20 2.184| 2.186 |2.204| 2.206 |2.251| 2.253 [2.360( 2.362 |2.313| 2.315 |2.529| 2.530
30 2.182| 2.183 |2.225| 2.226 |2.282| 2.283 [2.387| 2.387 |2.461| 2.461 |2.475| 2.475
50 2.220| 2.221 |2.413| 2.416 |2.414| 2.414 [2.509( 2.509 |2.555| 2.555 |2.558| 2.560
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3. oFERARBY

TR ol R R L > ez M4t o F 14 Spenceriz 5
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3%~4% o #4-13% = FEHE SR G F B % 2 Gl GA (T R ST

BBIE TR ) e

= PF¥5 3 3-Spencer & 172
1.4 52150
o —o
I i H=10m > L=30 m
1.2 - DY
. A 0=63.43° > B=45°
> 10 A— A A
5 - & 3 ——h=15m
3 08 — — & —%
S o —=—h=10m
5 06 g
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F 04 ahEm
0.2 ——h=2m
0.0 —— @ AR
1 2
Beam(m)

Bl 4-21 - PR 6 BB % 2 Al SPERR M G
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24-13 ZFF R o F B % > M G A (TR SR RS E NK)
FS
b 8 Rl Translational
Ak h=15m h=10m h=8m h=5m h=2m h=0m
Beam(m) | M-P | Spencer| M-P | Spencer| M-P | Spencer | M-P [ Spencer| M-P | Spencer| M-P | Spencer
1 0.725( 0.753 |0.792| 0.821 |0.856| 0.887 [0.981| 1.015 [1.131| 1.170 |1.228| 1.270
2 0.756| 0.784 |0.811| 0.840 (0.878| 0.909 (1.005| 1.038 [1.153| 1.191 [1.248| 1.288
3 0.785| 0.812 |0.826| 0.854 (0.895| 0.925 (1.023| 1.056 [1.171| 1.208 [1.266| 1.305

4. HwEtAEH LB ()
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BREFH ()3 e R 0 £ B Ed -0.1%33 4 2 10% - £4-14% =
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1.8
1.6
14
1.2
1.0
0.8
0.6
0.4
0.2
0.0

Factor of safety

= FEF B H-Spencer & 7 &

5=15°
O H=10m > L=30 m
g B=3m » =45°
%/& ——h=15m
? % —a-h=10m
—4—h=8m
—A—h=5m
——h=2m

P ) P
—©— @ % A ki

45°

63.43°

a()

75

Bl 4-22 - fefs - R o e % 208 F L & R B GE

FA14- P Roo b de % > BB A (B R A BB LR 25 00K)

FS
b2 85 RN Translational
# Aok h=15m h=10m h=8m h=5m h=2m h=0m
a(°) M-P | Spencer| M-P | Spencer| M-P | Spencer | M-P | Spencer | M-P | Spencer| M-P | Spencer
45°  10.800( 0.795 |0.819| 0.814 |0.867| 0.862 |0.957| 0.950 |1.075| 1.065 [1.155| 1.144
63.43° (0.785| 0.812 |0.826| 0.854 |0.895| 0.925 |1.023| 1.056 |1.171| 1.208 |1.266| 1.305
75° 10.828| 0.934 |0.910( 1.014 |1.006| 1.116 |1.175| 1.305 |1.372| 1.520 |1.488| 1.653

SRR G OFRE 2 GEEER R A G B AR B)H e R

Y4237 o i S G K & R (D)

LpE(A0m)» = >thdcy v <31 b o EruSpencer;: 7 A%
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B Gl s R B R R BRI B R K B
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LRMB)AR: > X 2GEBE AL RET R FRE €48 o

= FEF B ¥-Spencer ~ 7 #
16 9=15°

H=10m > L=30m
1.4 —e _ _
B=3 m > ¢=63.43°

<10 ——h=15m
wn
S 08 a/// —&h=10m
§ / —4—h=8m
g o6 — 8
L 0.4 ——h=5m
0.2 ——h=2m
0.0 —— @ % ki
26.56° 45° 60°

B14-23 = 4588 7 5 8o % > Bl 530 % % 6 5 & B M )

415 o b % 2 Gl A (S R R ARG & REE K
FS
& =Rl Translational
R il h=15m h=10m h=8m h=5m h=2m h=0m

L) M-P | Spencer| M-P | Spencer| M-P | Spencer| M-P | Spencer | M-P | Spencer | M-P | Spencer

26.56° |0.459| 0.479 |0.523| 0.546 |0.609| 0.634 [0.781| 0.807 [1.009| 1.040 |1.145| 1.180

45° 10.785| 0.812 |0.826| 0.854 [0.895( 0.925 (1.023| 1.056 |1.171| 1.208 |1.266| 1.305

60° |0.951| 0.981 |1.010( 1.043 (1.072| 1.106 (1.202| 1.240 |1.357| 1.399 |1.448| 1.492
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2416 FEN R BB 2 HEM GA (SRR A G & BB R IK)

FS

B %E T Rotational

A h=15m h=10m h=8m h=5m h=2m h=0m

L) M-P | Spencer| M-P | Spencer| M-P | Spencer | M-P | Spencer| M-P | Spencer| M-P | Spencer

26.56° |3.036| 3.038 |3.125| 3.126 |3.272| 3.274 |3.601| 3.602 |3.904| 3.904 (4.017| 4.017

45° [2.182| 2.183 [2.225| 2.226 |2.282| 2.283 |2.387| 2.387 [2.461| 2.461 |2.475| 2.475

60° |2.056| 2.057 [2.082( 2.083 |2.132| 2.132 [2.198| 2.199 [2.254( 2.255 |2.258| 2.259
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F4-17 - B BER AR B S0 48 %

Bk | oA TR | B SR | B CRAE | kTR | £ kA
® A& (m) (%) T %2 (%) T %2 (%) EH(m) | =4(m)
0 144 48 29 0.98 -1.66
2 205 57 42 1.10 -2.03
5 173 42 38 2.35 -1.93
8 238 24 76 2.27 -1.91
10 122 32 52 2.41 -1.72
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Bl 4-26 % k=8 & 5 10 m 2 8k % B

A& A AL A

Bl 4-27 # Dok =@ B 5 10m 2 kT =4 B
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Eomdary plot Lo
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maxwector = 2.077E+00

2. e g AE(H)
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HERBRRIF L X R PR TT = E o dof] 4-31 47 -

BAFFREFEH >0 0 5620 3 AMH)E30mMEF kT =8

FaEImm o BRI ER A m R ES AT LR RIS

2R AR 4-32 07 0 2N EE e b BH O MMEFRF L 3R

H# 4 » L2 2 o b BT €M 2o 3 A L0mMPF > &8
B R EETIEM It o F o fRe FAMHEIOMPE» 23
Bk A G A ARP R LIGY R T 4oFl 433 4T o B F
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4o 4-34 7t - B 4-35 LR FAMHLEI0OML e E R d

Be g AR ERG A B AR EBEL AR

2418 525 AR S ESE LB LS

B A | Bt TR | B MR | A MAE | KT | LB g
2 (m) (%) BRO) | BE®%) | msm | wsm
10 144 48 29 0.98 -1.66
20 152 52 31 0.79 -2.30
30 280 91 35 1.67 -5.07
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24-19 58 LR S EFE 21785
Bagh | AT R | A HAR | AAHAR | kTS | £ k4
A& (m) (%) T % (%) T#((%) | =#m) | =4 (m)
20 148 45 18 0.74 -1.58
30 144 47 29 0.98 -1.65
50 84 49 49 0.94 -1.81
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B14-39 #5226 £ R(L)S 50m 2 £2 % =4 A 5 B

4, FHEEFFILEH LR (o)
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2420 K FF L FH LR FEFRE 280 TRSE

PRI BT RY | SR | B AHHFE | kTEL | LEE<
£ () (%) T 5% (%) & % (%) #=#(m) | = (m)
30 49 47 30 0.73 -1.66
45 118 48 21 0.98 -1.66
60 144 48 29 0.80 -1.65

AR TR 8 2
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2421 iz o iR S ESB 2RSS S

Baad | BT R | B MAR | R AR | KTE A | £F A
7 &R () (%) BEO) | BE®) | =sm) | =8m)
21.8 107 52 56 0.77 -1.85
26.56 72 36 19 0.47 -1.19

45 144 48 29 0.80 -1.65
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A5 AR

D S T 2T

Toeo g LE =HPE

2R A AL

% 206 m~215m> &=

Bk A

» 4o @] 4-50 #7

»b;? -4

AR R K % doB] 4-51 22 ] 4-52 A7 o @] 4-53 L% kR
FRLOMZ B ER 0 B PR N EAF ARG P LS
ERESL R S G 4 SN B
#4-22 R RFB KA E RS 1T E
BARE | B T | AR | B MR | kTR | £ A
% & (m) (%) B%%) | R%O®) | =8m | =8(m)
0 173 51 83 0.68 -2.06
2 169 63 84 0.73 -2.15
5 170 63 84 0.73 -2.13
8 143 58 84 0.73 -2.14
10 173 56 83 0.68 -2.06
15 156 44 84 0.69 -2.14
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