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Abstract

The slope stability analyses for Carsington dam were performed by using the
computer program STABL and PC-SLOPE. The slip surface predicted by STABL can
differ from the true slip surface, This is due to the characteristics of
searching technique of the program STABL. Hence various possible potential slip
surfaces must be examined using the program STABL. Various methods of analysis
are employed in the program PC-SLOPE. A resonable factor of safety can be
obtained by comparing the various values, and the potential slip surface can be
predicted well relatively. The shear strength parameters of ctitical or residual
state must be investigated as well as the peak strength for the case of the

Carsington dam, where the deformation took place over long periods.
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AMg Z2age ul BRoietae] “STABL"Z} siuith Geo-Sloperte] “PC-SLOPE”
EA o]Eo) i3l Zheps] Adwstd vhEat Zth

1.1 STABL

o)<} Purdue th¥toll A sPddt T2 o 2y
O Z¥-5Hol thdfA= Bishopd] ZHAHES
O dRIgEH thsAs Janbud] ¥HES AM831a glom
AZHFHOZHE AJztsle] o Aol FFUTRY TAE AXHEA HL9hdE
< Zi= wHES F3HYC 6)
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1.2 PC-SLOPE

PC-SLOPE:= HAWZFE AL T2 130 T A software systemS X 12} o] 3
A R FEE ] qct
¥ 1 PC-SLOPES] AJA®] 74

34 B3 I
pre-processor PROMSL PAR=A
main-processor SLOPE oA A3}
post-processor DOT Z3} WL

PC-SLOPE ol ol 8% 4 gl sy e=NE)
O Fellehius Bh
O Bishop®] 7MY
O Janbu?] 7
O Spencer ®}Y
O GLE(General Limit Equilibrium)¥}y]
O Morgenstern-Price ¥PY
QO Lowe-Karafiath ¥
O CoE ( Corps of Engineers ) Wy
o] glon o] F ¢kl Al WP J|EH g AFAXAELL. AYYU 4 = BABES
L 2= HUBEEE(circular surface), 8EFHEHEME(fully specified surface)
¥ g B HATEE M (composite surface)o] It}

2. JAHE=E=
#Ee] 718y B2 BAlolA Foizlerns PAprlE siH ofrixe LAY

ol AHSH EAFEE 2ostd ¥ 2 W ¥ 3 2} Ytk S E 2 2}
o] TIZIA] B2 FE3e] AdAlstdct
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X 2 Core % Yellow Clayd] EAEHY]

Core Yellow Clay
b R Condition
c(kPa) | ¢’ (=) ru c(kPa) | ¢' (&) ru
® Design 0 22 0. 40 A
® Peak, intact 15 21 10 20
© Peak, with 6 20 5 17
pre-existing shear 0.42
@ “Critical State” 0 20 0 18
® Residual 0 13 0 12
E 3 A AL} BEABAEA
chelger | A2 | npEz 234 4d]
Material
(kN/m3) | (kPa) (%) B3¢ @ B35
Core 18.5 0 22 0.4 0.42
Zone 1, II 21.0 0 25 0 0
“Boot” 18.5 0 22 0.5 0.53
Slope Protection 18.5 0 35 0 0
Weathered 18.0 100 30 0 0
Mudstone

* BEo] A= Yellow Clay?] grelEaro] Fojx|x] ¢lgton e
18.0 KN\/m3 2.8 7} sle] ARg3lgdch
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3. Ay W A=}

3.1 STABL

STABLS f13¥FRolA A 3ste] QLR Atmzde] o|27|71A] ojituizde ©

AHA $3E B3t HLAHEE AY3A = ch. E 28] @~@ol iy ¢+

3N Z3g E 4 of UYepldl, o] wl AAE dldTiEe a3 1 2} gl

3 4 STABL of 2% ¥ 34 Zz}

@ ® © @ ®

4 QAE 1.170 1.141 0.981 0.960 0.776

TR 2 I3 29 ol o2 7P B /1Y o) ntadol oiste] At
ZA3E E 5 of vERACL

X 5 Specified Slip Surfaceol t¥t ¢+A3|4 7=} ( STABL )

@ ® © @ G]

A AAHE 1.210 1.183 0.977 0.943 0.743

3.2 PC-SLOPE
o}7| 4 PC-SLOPEE AHg3le] Thea} ol § 7iX2 FEsio} sjasigie).
© 4TVF  BEUL) SUAI} WAHE 713, Bishope] Wlel ulet 24T}
@ BAYE  BAAEST TH e ZAE 18, Qe FHoT AsE
}2]H-E& 7} 3] Morgenstern-Price®™§ 2} Corps of Engineers®}od
2Jsto] shasiein),
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47 @@ AHE SRS JH3t B gol AT VAR AY
& oopstd ¥ 63 Zom, I% 3% 39 4 & 47 O, @8 AHE Wit AE

73 glck,

(z

6 AYPUES AR vARE

TAEFY
! 713
ERE By | 429 Wy | <wd 2y
Fellerius neglect O X X
Bishop!) no ISF3) (0] 0] X
horizontal RIF?)
Janbul) no ISF X 0] 0]
horizontal RIF
Morgenstern| ¢2]2lofl 2]3j
-Price  |RIFZ}g}3r ZA 0 0 0
X/E = 1 f(x)
Corps of | AJHEFAAE X 0] 0]
Engineers | RIFZ-gHulgto 7
1) Simplified Method
2) RIF : Resultant Interslice Force ( AH&He] Atz 42182 44 )
3) ISF : Inter-slice Shear Force ( AM&me] At )

WA Slip surface§ WE 2 7PYste] Bishopd] ZHAWel wiel Al4RRF AXF F8
A& fofshd ® 73h Ut thEo 2 T3 49} ol o AupH (fully

specified slip surface )oi T3t ¢t A2NE fo51d ¥ 82} Zrl.
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3t 7 Bishopd] HHY (HE HF)ol 2% ¥ Y Az

Critical Center
35 QIR | HAPMAE
X 2R Y 2%
@ 48.75 265.00 92.00 1.195
® 48. 50 269.75 96. 85 1.189
© 48.50 269.75 96.85 1.165
@ 48.50 269.75 96. 85 1.151
® 49.00 259.00 87.60 1.065
1 ZBL @~©rt 252 @~©q 3lgiict
2) ¥ 9 {UINEL ©he] ¢ meter

X 8 Specified Slip Surfaceoy ti¥l ¢t )4 &A=} ( by PC-SLOPE )

PC-SLOPEZ} X530 8 AAlsh= ¢t | el siaibio] 23 tHE
B¢
Fellenius Bishop Janbu i) 1ot AE 1) e
M-P 0.990
® 0. 804 1.020 0.896 CoE 11) | 1.006
CoE 22) | 1.050
M-P 0. 969
® 0.779 0.997 0.874 CoE 1 0.982
CoE 2 1.027
M-P 0.944
© 0.761 0.974 0.854 CoE 1 0. 959
CoE 2 1.002
M-P 0.933
@ 0. 752 0. 964 0. 845 CoE 1 0.948
CoE 2 0.991
M-P 0. 880
® 0.714 0.916 0. 804 CoE 1 0. 897
CoE 2 0.938

1) average slope between extreme entrance and exit of slip surface
2) changing slope of ground surface
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4. A=} 2 3*%F

4.1 STABL
STABL of &J3} A4t Azl 4 W ¥ 5 2 Fe| BUY 4 Us F8 AYES
71&shd thet el

O +E BE
E 204 RriAn EF ZEE @olM OF JFHEA AtHoE AsiEI USS
H 4 oty ¥ 49 5 AT o]of ulasle] ebdo] yopx|a girh

O BBE B

STABLOI S3t #14 ZzHe 2@ 1 0 E 4 o gl ol HIAF WYY AA
Shmast ozt Aol otk AATAI ulRY YOS TR ol uialE(
a8 2)o) thstel 4T AT E 58 HY O~O o ZAIAE E 4] Feuc)
O e HGHES UEhIc) o2& STBL T2IY SYA E Sof sjYsie
A3 2)e FFEA Y] WRolch mehd o] ZEIYUg ARY T manval
o ST W PO FAY 4 gt A A FhgEiEe] A E A8
Holof ¥k,

4,2 PC-SLOPE

PC-SLOPE off &3t A4t Azl ¥ 7 2 ¥ 82 %y WY £ A= FRANUNES
7Zl&eshd o3 ¢t

!

O +H #E
STABLoJ M &} Zo] ZEARF] Zhiof ulaste] AIALE Asistct
(7% X8 HX).

O REE P&

® 7 ¢ EIBEBE E 82 #HEREBE vlst] AGAEe] thd wiTh °]
L A3YEHe] #4943 Vs Fg4 ¥E5Ho| Zone I, 11 Hrp EAZE
7} Fojd g yhe “Boot” W WA Yellow ClayE F3she HEo| ¥E U de
o2 yzbr). wehA ol AU F9 JIvHe| IAT e vjdAdF

olz} spzlct
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O Mt itk

HERYEY E 8or] PC-SLOPEZL As3oE Ak ¢<ddEE RY
Fellenius-Janbu-Bishop®] =22 tAEo| HZth & Fellenius®] 3 WHL
S &N FRUCH2E AHo| AAE =rjva AUSE ¢ 4 ook 2eln
Bishopell U3} Janbu®] tHEo] WAl Uehd 212 Bishopd] {Z ol His} Janbu
o] 7% LY FH(non-circular slip surface)S 3313 e UF ¢lollA =23t
U Akl |l I U] drin Rzl GAEEe] Mol F2
M-P(Morgenstern-Price) V|&] CoE(Corps of Engineers)?] 79 ®iE2] A& Xols}
a2 34| U4&E ¥ &5, 2|5 Bishopd] W] o|ge] Ao vl &
st e ¢ & AUth

5. =e2J

W odA(4) J o] wf2W Carsington Damoll ths] 7H@3¥F T2 108 AR5l ¢t
2 e AT A ot Y2 A3E 4ot ¥

Z2 Wy ax2 38 2pg=} AAt tHE

STABL 5 Siegel (1975) 0.964
REAME Huang (1983) 0.960

SSTAB 11 Wright (1969) 1.090
MALE Schffman and Jubenville (1975) 1.030

719t o] FUY 22 YAHekE T2 wet QHAFol A o]
7 AEs & 4 Yok

De Mello(3)of w2 A4lEAE 1.0 o] T AMANE 7[27]= Zo] ozl
AA]SEA AA GAF] YL IS n|xl= 2424 thE GAsICH
QO #]A3Y BA] (minor geological details)
O Fo §Y-1% 54
O 73 o] AA BX el
O &71-¢4del

O AR (progressive failure)? £
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4 &A2= $] 245% ninor geological detailso] th¥t =2]§ @ 7313 ¢l
<l é"ﬂz}f"] =)o) o= “defe] HdAoE Yellow Clay32 £2|8 EFo=
SEA] Y% 3t haFe] B 2L AXE o] Fo £t ¥axdch 243
A A @a—} B AR} Fote] A== nle] St AW At} Aol o

slo] FBE Yokl wH e’ Jlesta glct

Y &S ulPe] wLUTH 2FHAA UE uI] o|He] ojn] dEY
progressive failure AJEfol] &0 919 S& AlARRIT}.  Progressive failure?] ¢
224 2% non-uniform stress distribution& A32}8lel oLt 2 2of Skemptons
o] &]5}o] peak strengthZHE] residual strength®2] Ml Zts ATy} 42
progressive failure ‘W3] fFffEo] Hrhe ARdo] AHZIFATHS) o]yt BN
E of peakoll A residual7tx|2] Z= WEE B Core Clay?] ¢ ¢ = 21504 13
Z=71A], AP 15 kPaollA] 0 kPaz}x], Yellow Clay?] 7% ¢ &= 20%0)A 1257}
2], B2YL 10 kPaollA 0 kPa7}x] A Z4sH= BA4S VeI Qs BoE Rol

progressive failureZ} *HA33}17] 318 FUS & £ arh

uheta I EANA] Fo BE ZEFLXE tidste] AL Hgnke v}
Z5L AR5 =Y Zo] ohlel Lkidde Hed7iAl BZsiEE &, minor
geological detailoll ti3t ZHEZ} "asitt olzlyt HolA E wf Carsingtoni?2]
B BEREZA ES-BUEALE AUs] RABI progressive deformationol] 2]
¥} pre-existing shear?] 'H7Fg/do] ©7 ZEEYelo} Urth

6. F=

STABL2} PC-SLOPES] 2]t Apd sj¥ o2 e 42 F9 AL vz} gl

O g+ 31141"&%’-‘:—% Aot Ao R 2z byt g WA= O3
I ASE EF 91.231 2|3 Akt ARt A AP tEo] Axle s
 EuA] s GHE 9G¥ 246 it WUl o4 HU¥ 4 ok

O & Carsington Dam«l 8% peak?} residual Zte] & Alo|& Kol §Y-HY
578, olell ubE progressive failure?] 7Hs4, HF$8 Rt 12 ¢ ¢ R
39 AJeie] WHiteol B o g5l mIrl fruE vt RejAch

O 3™ Fdof Z&3h= Y& FAISIAL 2R 3y ubircl AW 2o 28
She UES BT 3y wbdo] AA QA Bl Bl FELES ¥Ag 4t

19
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O & EAlet o] ohilz} K Wiol Exlshe 29 4% vl2jue 7P¥2 Ay
olry o] FollX &3] Fellenius W2 ALIAA W8] 24t FIrHHE HAY

T Sith

>3 23
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A1 g Jae) ST of4ulay (STABL)

I8 2 Az syn g utad (STABL)
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CROSS—SECTION OF GEOMETRY

CARSINGTON DAM FAILURE
ONE AUG. 17, 1991
GENERAL LIMIT EQUILIBRIUM METHOD

Y-COORDINATE

T T L 1 T I T T

Critical Center

X= 48.75
335. L v= 265.00

R= 92.00

Fg= 1.195

Bishop's Simplified
304. |
273. |
241. |
210. |
179. |

1 1 { {.
—-105. —-74. -—-42. -—-11. 20. 51. 82. 114, 145.
X—~COORDINATE

UNIT WEIGHT COHESION PH! DESCRIPTION
18.50 .00 ° 35.00 SLOPE PROTECTION
21.00 .00 25.00 ZONE | AND 1t
18.50 .00 ° 22.00 CORE
18.50 .00 22.00 BOOT
21.00 .00 25.00 ZONE  AND 1l
18.00 100.00 30.00 MUDSTONE

File name : CCCC-1.SET

3% 3 PC-SLOPEe] 2%t gmm#rdle]l : Circular Slip Surface
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CROSS—-SECTION OF GEOMETRY

CARSINGTON DAM FAILURE
ONE AUG. 17, 1991
GENERAL LIMIT EQUILIBRIUM METHOD

T T T T T T T T T
ast. | |
azo. | |
jeal
=
4
= 289. | m
Py
/|
[a
8 258. | _
()
I
> 2z6. [ _
195. | -
e "y
! f T = " 1 ] : 1
~105. —74. -—42. -11. 20. 51. 8z. 114. 145
X—COORDINATE
UNIT WEIGHT COHESION PHI DESCRIPTION
18.50 .00 ‘4 35.00 SLOPE PROTECTION
- 21.00 .00 25.00 ZONE | AND 1
18.50 00 - 22.00 CORE
18.50 .00 22.00 B80OT
21.00 .00 25.00 ZONE | AND 1I
18.00 100.00 30.00 MUDSTONE

File name : A11.SET

3% 4 PC-SLOPEe] 2%t &M 2 2tol :Fully Specified Slip Surface
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