APA @At Wl AHs S STt
Carsington Dam X}z2]2] 37 3%F
( Assessment of Carsington Dam Failure by Slope Stability
and Dap Behavior Analyses )

%A%} (Song, Chung-Rak)* {434l (Kim, Sung-In)*
uizbE (Park, Kwang-Jun)* -REf“d (Yoo, Tai-Sung)*

H(F el 0]

Abstract

It has been reported that the failure of Carsington Dam in England
occured due to the existence of a thin yellow clay layer which was not
identified during the design work, and due to pre-existing shears of the clay
layer. The slope stability analyses during the design work, which utilized
traditional circular arc type failure method and neglected the existence of the
clay layer, showed a safety factor of 1.4. However, the post-failure analyses
which utilized translational failure mode considering the clay layer and the
pre-existing shear deformation revealed the reduction of safety factor to unity.
The post-failure analysis assumed 10° inclination of the horizontal forces onto
each slice based on the results of finite element analyses,

In this paper, Bishop's simplified method, Janbu method, and
Morgenstern-Price method were used for the comparison of both circular and
translational failure analysis methods. The effects of the pre-existing shears
and subsguent movement were also considered by varying the soil strength
parameters and the pore pressure ratio according to the given soil parameters.
The results showed factor of safefy 1.387 by Bishop’'s simplified method(STABL)
which assumed circular arc failure surface and disregarding yellow clay layer
and pre-failure material properties, Also the results showed factor of safety
1,093 by Janbu method(STABL} and 0.969 by Morgenstern-Price method(MALE) which
assumed wedge failure surface and considerd yellow clay layer using post failure
material properties.

In addition, dam behavior was simulated by Cam-Clay model FEM program.
The effects of pore pressure changes with loading and consclidation, and
strength reduction near or at failure were also considered based on properly
assumed stress-strain relationship and pore pressure characteristics, The
results showed that the failure was initiated at the yellow clay layer and
propagated through other zones by showing that stress and displacement were

concentrated at the yellow clay layer,
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X 1, Carsington $&] QurA}s}

L u TS

A AYa 37 M

niz] EAGEY 1984 Y 64 7Y

MAA] APH QFA A& Material Unit Weight ¢’ ¢ ru

A%k 22 (kN/m ) (kPa) (°)
Core 18.5 0 22 0.4
Shell 21.0 0 25 0.0
Boot 18.5 0 22 0.5
Riprap 18.5 0 35 0.0
Mudstone 18.0 100 30 0.0

w2 A SR-2] doft FAHEE YA

97 e
tru=42b/ B A8 5 (A H)
D FE EZAP 2] &k Core Yellow Clay
wha 2 Az A Condition
c’{kPa) ¢’ c’(kPa) ¢’
Peak, intact| 15 21 10 20
Peak, with 6 20 5 17
pre-shears
"Critical 0 20 0 18
State”
Residual 0 13 0 12
Material ru
Core 0,42
Boot 0,53
Yellow Clay 0.00
#tz] ol AAAAL W AA AdEALE sER2] ¢l ofgt

¥HAE(Yellow Clay)& 28] ZH

VB AME sl 3 HE] WAt
AchdslE 232 Y&

L2 2 A T2 o]lRE st HAA
28Y JF np3 okate] mizgo] Al
u}2] ¥ (Vedge Failure Surface)2} o]
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2% 3, STABL of &i3%} Carsington ¥¥2] ApH orA3jA (Bishop 2] ZHH)

¥ 3, STABL of 2|% AP ¢ty Az}

Condition® Safety Factor Remarks

Design Condition 1.387 Circular (Bishep)
Peak, intact 1.304 Non-Circular (Janbu)
Peak with pre- 1.211 Non-Circular (Janbu)
existing shears

"Critical State” 1. 066 Non-Circular (Janbu)
Residual 0.798 Non-Circular (Janbu)

% Soil parameters at each condition were used due to Table 1.

MALE of 2]%t Algl obaajy

MALE of 2% Al sy oA A AldelMe <hdEg | mAFY A ARE
o] &}t ¢tHgE FEF o] Y=L A AlHoMY GAEL JE EHE Hus}
of VXY YA ol Al [ o] &8l HPH AT MLE & 2 u]
% stdo] oiste] AEEglen), T EE YEE XA FonM YT Pt
off thdte] ApHe] tAEE ALbstelch

W omaF A RS o] &Y | AbHe M AlE oln] mIHY ¥Ado] u]
o] W AeER YT nI gt o HEE Felol M A} AEE H L3}
ot

MALE of o]%t Abd b3y o] P73} 716} AR ES 19 4 8 2o,
7t AelelM ZERFTE AT dae E 4 o Zrh
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H 4, MALE of 2% Al obysiy Azt

Condition® Safety Factor by A f(x} Remarks
Spencer

Design Condition 1.312 0.302 1

Peak, intact 1.224 0.294 1

Peak with pre- 1.156 0.312 1

existing shears

"Critical State” 0. 969 0.282 1

Residual 0.765 0.352 1

¥ Soil parameters at each condition were used due to Table 1.
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5 FIM M 93l 713E Aty |4

—
Material] K Pr | Mt ky kb [So | e | Sf {Pbra [Pr’ [M¢' [|Pp| ot
Core 003 (7.2 |1.51| 4.454) .462 (.1 (.35 |.74 | 100 [7.2 [1.51 | 0(3.0
Yellow |.003 j7.2 71,51} 4.454| .462 |.1 |.35 |.74 50 [7.2 |1 0]3.0
Clay
Shell .004 |7.6 ]1.55/10.310) 9.08 [.1 |.45 |.81 |1000 |7.6 |1.55 | 0/3.0
Boot .004 (7.6 11.55110.310] 9.08 |.1 [.45 {.81 |1000 |7.6 |1.55 | 0|3.0
Riprap [.009 (0.0 [1.77| 31500(31500 |.0 |.42 (.49 (1000 | .0 (1.77 | 0l0.0
Mudstone].003 (7.2 j1.51| 0.454) .962 |.1 |.35 |.74 |1000 (7.2 19.51 |99(3.0

% K=ze-jogP &8 vlghd FZhelA e 7127
Pr=Reference Pressure{t/m?)

M¢=Strength parameter, slope of line describing variation of q¢ with p’
gf=Deviatoric stress at faulure{t/mé)
p'=Effective mean normal stress{t/m?)

- kv=Vertical permeability coefficient (m/year}
kn=Horizontal permeability coefficient {(m/year)
So=Ilnitial degree of saturation
eo=Initial void ratio
St=Degree of saturation for free drainage
Pora=Pressure at junction between two branches of failure

envelope(t/m2)
Pr'=Reference pressure for p'>p bresk {t/m?)
My =My with p'>p’break
Pp=Preconsolidation pressure(t/m2)
o¢=Tensile strength{t/m2)

EF AF Mo wE AAMY AFE AMBI] $15l] HE 3FS 9 WAR Lol
A FBeReE W AFPelE Simulation stglch oln] Exfstdd AghdgiE x|t
o] =t P E BAM LYEER sto] AA 2| Helo st Wizl <)
A= FF ALHEE7 BF I8 Strain Softening Batol YAHEF 31g
th ojef sfAMA] ALY Meshs & Q4 328 A, 3 HE4 364 7l2 2 6 2 Y
o] F 8= 4ict.

(@ Yeltow CLay

@ Riprap

@ Boot

@ Core

& Shell

oz @ Wealhered Mudstone

23 6, FEM 3£ 9% MESH
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(b) B4 AEFo| EXtte B¢
290 9, FEM shaje] 2%} Carsington § il 43 ¢l

5. Az &4

STABL 2] 212} B4 : 2¢ 2 ® ¥ 3 2 STABL of ¢t A 33y Fjolw, o

= %y e Ae ¥4 dck
_Bishop's Simplified Method & A3t 3y sl oyt AA A
AojAel A GAsME ¢AE 1.387 & RAFen, o His
Penman(1986)8) 8] Az tA&+1.4)2h T YAt At 2y HA AR
e A AN W AA 2 A B ARG FAU BAR
nalge] dety B IR BTaish dod(2 2 A=), A8E A
=4 4 ntnd 248 A% 543 osche A% Astd AAAY A
W ergdN e ARY ZAALE Qe ARY AARE 2rie A
& o5 rh
o I 2AY A 5 AR @ AN shie] Aot BYHEES
& 2T A ¢ANM AN Peak,intact ZE FHE 01T B
QHASE 1.304 24 Biad A Veldrh U o] %e ¥ A sl
ZAQshyl Ak HYg LAY A B A8l AFEGenS A2
grAgrTt AA AHPHLEE A5 Ach
_Peak with Pre-existing Shear ZE BEAHE ol&y ZAge gAHES 1.211
24 Potts et al.{1990)9)¢] FEM 3]4 Z2A ¢AF 1.2 of vi¢ 7 G
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8} it} Peak with Pre-existing Shear Z}E HA4E 137} deojutr]
A F A &R A jEste Adejo|2E st i)
Carsington ¥2] Aa] i &2 ¢ 1.2 x93 F5US ot} o
§- et go] 1 o|Yo|BR w7l USR] ¢hoto} Bl 27t dojd A
AEAPA2] Progressive mp2lo] 7]gldle Zeg BIEI glcHPotts et
al, 1990)9), & 3N BEZ 3} Fo| Pre-existing shear 8] FUE Y2 7
o] xjuke] 2= FA-E Residual Z= Aeloll 7hgta, AAL] 4ol
ML Peak Strength AJefel 7I7l9EE  xubke] AN Zz HH2
Residual Strength £} Peak Strength 2| x}o]ofl 2]2[%1A Eof MAxql ¢t
A2 1 ool " el 2y, @ AHA s QR BNAEFA
w2j7h wAastA =W ofo] AT Yol AKxA nfHzt dAgEA E
o, ol& AATIZE olojx]A Hrl. HAE Carsington He] FAFE(HA
Bo] W Zujet 2ol ferol o AUy FAHEN NA UstA
E25}2] ok, FAelA SgRE JiHA BAAES 4 1w FE FAE
X8l Rog Az} wsizon, Alde wIAs FMYPEI Eafsie
2 gollA WA wagsti, stEd FHAVES o] 9A mH F A"
Aoz BIET glrk(Potts et al., 1990)9).

.Critical State 7T EBAL AlA mj7} wWslz s AFoAe A=
Edog(ng 5 HR), & o8 B AHEE 1.066 2 o] AE]
oA st ALl eupstn oAV Pt 9lSE& WERATL

.Residual 75 B4 x|uke] gt 218 yhol At M7} FE3] U
of, 712 At wiglo] o3l AtZ 7} HEA] = dele =g U
shn, AP e EFolME dut mi]7l YAsled B39 &0l RFAU
xrefoll A 8] nizjghdol s W EE 2Rk Zx ot ol & ol &y A%
o] ¥R 0.798 A 1 Hrl @A & & RojFo] z¥ B
Fd2 222 dx w3 EI7E vy dAT o|FHr AXE BAF
o] A B A2 m EIJ £ AL 150 7Hx] o] FH Al gAYy
cl.

Mo o ra X

MALE o] Zzb 24 : MALE of &3t ApE gy Hate E 4 of HAE v} 2o
W, ANHOT STABL o A} FARE F4E Kol glen T Fro| 42t 22 3
88 RHo{Fo| ohd&e] AE el gl U 2ol tfAf 5% W2 F4
3y Azolrt, wletd Ayte] WYL 1A = Ao AL BAls STABLY F
29 FUYgR e wchHct

AN 3L FEM T2 Az B4 : 37 7 - 9 = FEM 3]4 Zzjo|n o]2 BE
the AtgE ¢4 glch

2y 7 & AAJ HeaE e EXF Uehia glen], A4 HEe
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