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ABSTRACT

A Stability Analysis on Shallow Failure of Weathered Granite
Soil Cut Slope in accordance with the Rainfall Infiltration

Choi, Soon-Bum
Advisor : Prof. Shim, Tae-Sup, Ph.D.
Department of Civil Engineering,

Graduate School of Chosun University

The objective of this study was to evaluate the causes and characteristics of
shallow failure in cut slopes. For this purpose, we calculated critical
permeability coefficient according to the rainfall characteristic of Korea, analyzed
horizontal distance from homogeneous cut slopes composed of weathered granite
soil to hypothetical failure surface, the inclination angle of slopes, the height of
slopes, and the depth of saturation by rainfall, and compared the results.
Conclusions drawn from this study are as follows.

The critical permeability coefficient in consideration of Korean rainfall
characteristic by area was 55~6.5 times higher than the areas subject to the
application of Pradel & Radd, and it was found that, considering the general
soil characteristic of cut slopes composed of weathered granite soil, infiltration
water by rainfall may affect the depth of saturation.

The maximum critical permeability coefficient in consideration of Korean
rainfall characteristic by area was 7.16X1074cm/sec, the corresponding critical
rainfall intensity was 25.8mm/hr, and the minimum rainfall duration was 7.2
hours. Accordingly, if rainfall below the critical rainfall intensity continues
longer than the minimum rainfall duration in a cut slope composed of weathered

granite soil below the maximum critical permeability coefficient, shallow failure

- xii —



according to the depth of saturation needs to be considered seriously.

When stability analysis was performed with varying horizontal distance at
which hypothetical failure surface takes place in over 10m high cut slopes of
weathered granite soil, both in case rainfall and rainfall infiltration were
considered an inflection point appeared, at which the safety rate increased or
changed uniformly within 2m of the range of horizontal failure. This suggests
that stability within 2m of the range of horizontal failure should be examined
carefully in stability analysis on the shallow failure of weathered granite soil
cut slopes.

In the results of analysis according to change in the depth of saturation by
rainfall infiltration, the safety rate decreased sharply at around 1m of saturation
depth. This suggests that stability at around 1m of saturation depth should be
examined carefully in stability analysis on the shallow failure of cut slopes in
consideration of rainfall infiltration.

In the results of analyzing shallow failure according to change in the strength
parameter, the increase of safety rate showed a linear relation with change in
cohesion and internal friction angle at the same inclination angle. That is, the
larger the inclination angle was, the smaller the rate of increase in the safety
rate according to the increase in internal friction angle was and the larger the
rate of increase in the safety rate according to the increase in cohesion was.
Furthermore, compared to analysis without considering rainfall, stability analysis
that considered rainfall infiltration showed 2.0~4.0% lower rate of increase in the
safety rate according to the increase in internal friction angle, and 0.3~2.0%
higher rate of increase in the safety rate according to the increase in cohesion.
This shows that the rate of increase in the safety rate according to the increase
of cohesion is higher than that according to the increase of internal friction angle.

An increase in the depth of saturation by rainfall infiltration appeared to
lower stability against the shallow failure of high cut slopes. In addition, even if
a cut slope was made less steep in order to increase stability against shallow

failure, the safety rate did not increase markedly.
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714 a, b, c.dE AAAFZA E 2300 FEUKT. Te g ol t
o Tl B ot

23 A9E FEF A=Y IAAAFGEHED T, 1999)
A
4 o a b c d

£z 4825 175.9 4.286 -2.281
Skl 332.7 63.1 0.485 -0.501
& 291.1 121.0 3.193 0.461
A 396.4 174.2 1.681 -0.167
A 300.4 143.7 2.303 0.789
A+ 408.5 141.1 0.321 -0.603
T4 710.9 141.1 4.371 -0.763
A4 4415 85.1 1.286 -0.821
AT 344.4 91.1 1.582 0.044
o 397.1 84.2 1.396 0.124

) 229.7 59.4 -0.122 0.013
33} 248.1 67.9 0.500 -0.145
a4k 305.6 85.6 1.469 0.378
o - 203.9 117.6 1.070 0.511
a5 226.6 116.0 0.863 0.828
ks 332.7 125.0 2.266 0.517
2 363.0 60.1 0.428 -0.150
A 3185 143.9 2.146 0.655
=T 395.8 120.5 2.448 -0.198
53 328.0 43.2 0.531 -0.134
of 4= 346.6 118.2 1.865 0.138
4% 298.4 243.6 9.402 2.890
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N = Weos a—ul (2.16)

T= Wsin o (2.17)

| Y sin @
7]
X
X W
Y E;
£
@
/T
xp
N?
N 3
4 B \ \
;3
oA T Aolo] tE] Lt dASHY} AESHOoZ ®AFHE 2(2.18)7

0, = Weos o (2.18)

=—Wsin o (2.19)

s=c +o'tang’ (2.20)
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sl=c'l+ [ Weosa— ulltang’ (2.21)

AN FESHANLL As BFFW(HE wAGFAT AFHoR Avgs A

aAgG e v AosE hAge 422 2ol BT 4 9

s _ S L+ [Weosa— ul]tangb/}

=
T 2 Wsina

(2.22)

2.3.3 Bishop
Bishop ¥ Fellenius WHET AP & 3517 s 2@ dA
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; [T+ N'tang'] (2.93)

Aage P 422403 2o,
W= N cosa+ ulcosa + Tsina (2.24)

21(2.25) 0 2(2.24)5 tYste] AHelstd

C,l . N’ ’ .
7 sina + ¥ tang sina (2.25)

S S

W= Nlcos a+ulcosa +
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4225% Bste] N & Fahd

, Ww— (:,Fissina —ulcosa
N = (2.26)

tan & sina
F

S

cosa +

o] 71 A I=bsecaol B2 o] F& 21(2.26)° Wldsta thA] Al stH

1 . : sec
Fo=——Nlcb+ (W ubltana | setd (2.27)
E Wsina tanatan &
B

S

2(2.27)& WA A 22285 45 F AUt

1 ’ o1
F=— dleb+(W—ub)tanz |— (2.28)
Z Wsina mg
1.6 T T T T T T T T T T T T T T T T T T T
Note: —« is + when slope of failure arc is
- in same quadrant as ground slope. tan ¢'/F -
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£ \
e
210 0.4
3
2
s 0, .
0.8 .
) \
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1 | 1 ] 1 1 1 1 1 | 1

-40 -30 =20 -10 0 10 20 30 40 50 60
Values of «, degrees

ag 29 m, & Tt X

(e}

,81,



m, @ A AeE 98 Agtd =E 19 29

il

o] gsto] tHE&(F)= 4
T 4 vk Bishop®WHE Ao sfyqstrt feiM 7Hy dAol w7l w

of A&7t € 4 ok 227

m\l

1—0] Fs7]_ Oo]:]iﬂi_oﬂ 9\)\7] q%oﬂ _?_Eﬂig Fb% 7]_

Gote] Awel £ ot 2L ghol 1 WA ARRede Baete] Agetelol @

Janbuel e Bishopsl WS MAE BEHow A Y3t wweo 3
gwalce] Yyzaow tgn gol AM@T 19 2108 ke AHe 2§
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2o) Wzl ool

Ncos = W+ AS— Tsinb (2.29)

N=(W+ AS)sechd — Tsinb (2.30)
S EEELETL P

AFE= Nsinf— Tcos (2.31)

21(2.31) 0] 223005 tidstd

AE=(W+ AS)tand — Tsiné (2.32)
Az—0d ) A Fo] FdHolAe RUlE 33 Zxo s

SAx =— EAztand+h,AE 13 1L,
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AE

(2.33)

A

S=— Ftand+ h+tﬂ

8
seas }
t h
=4 o=
4

E+AE
%
V EE S N
a9 210 Janbud WA AHAd FEdE
A SR Jygo] I daxAe
YAE=0
S]

21(2.34)e 2](2.32)& W
S(W+ AS)tand — 3 TsecH =0

cAxsect + Ntan &
F

T=

(2.34)

(2.35)
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X(cAzxsecd+ Ntan & )sech

= S(W+ AS)tané 2.37)
21237 2(231)S st A& 2(238)% o] A& & Ut
e SH{cAzsecd+ [(W+ AS)sechd — Ttan @ |tan & }sech (2.38)
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Janbue] W9 M H A= g 2o
(a) AS = 0 o2 7t4sta 2(238)o2HEH A& (S Fa.
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EaEd ¥ (matric suction)E Fo AAHe FFom 7MATE 5 dn. =, 4
(2.39) 2(240)3F #o] yepd 5 9l

S = %[C+ (0, — u,)tang’| (2.40)

ANA ¢ &9 AFAE ()T (u,—u,tang, TS EATH

(24002 =x3E TAE ddsty] fef £ e FH R HFEH ZRIadH
so] AT 4 ATk o] BAZ AL W R0F5g Ade] Fe AT A%
5 2 Zom ARl Ak o WM Aol Ay F4vh o] wE
of wpz Abwojofnt sk B Aol St
242 3739 AGFE

AW wee] FHANE FARF Yo FPoz H24ADFH o] FET &
AT,

W— (Xp— X;)— 8,sina— Ncosa = 0 (2.41)

2] (24D 212392 Widstd 2 (2.42)3 Zo] A

¢ ugtangf (u, —u, )tand'’

Ww— (XH* XL)*[g—!—Nti?g — u"? (u u; an lsina— Neosa= 0 (2.42)

A (242)& FA5H oz g Aeskd 4(243)% 2
W— (Xp—X,)— € ﬂsl;na +u, Bs;?a (tang’ — tang”) + u“,ﬁﬁ%tangb
N= (2.43)

m,
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o714 m,= cosa+ (sinatang’)/ F

0 olB= 2(243)2 2 (2443 3t}

it Aol 5T u,=
W— (Xp— X;)— ¢ Bs};na + u,, ﬂs;mz tang"
N= - (2.44)

tan(é'ﬂ- Fag ey
BYPZALE s 42453 o] H},

Aap+ Y We— Y ,Nf— 3,5, R= 0 (2.45)
21(2.39) 0 21(2.45)S Wl dstA 2(2.46)3 #o] Hrt},
b b
E cBR+ [N— U, 0 tan@, — u“ﬁ(l — ﬂ)}}?tan@/
tang tang
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Arap+ Z W — ZNf
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224D A(248)& Wdste]l Festyl &> A (2.49)3 2

b

b
E cBeosa+ [N— u,B tan(a, — u,B(1— tan@/ ) tang’ cos
tang tang
' A+ ZNsina
A FIgke] 0 olahw 4249 (25003 wol AT & Atk
, tang” /
E ¢ Beosa+ (V- u,, - )tang’ cosa
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Fy= : (2.50)
A+ ENSlna
W A ¥ Fese £2Y B B 7 Avd Agss 39
FHoz 72 & Ao
E,— E;+ 8, cosa— Nsina = 0 (2.51)
21(2.41)3% 2 (251)& =3std 2 (252)7 ).
Sin
Ep= E;+|W— (Xp— X;) tana — (2.52)

X=\(z)FE (2.53)
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