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SUMMARY

| . Title

“Development of evaluation technique of a slope stability of residual
soils decomposed of sedimentary rocks in Daegu-Gyeongbuk Region

considering unsaturated behavior characteristics”

Il .Objectives and Necessaries

O Weakness in stability of the slope with weathered sedimentary rock in
Daegu-Gyeongbuk Region

O Requirement on practical research about the weathered soil slope based
on the sedimentary rock in Daegu-Gyeongbuk Region

O Establishment of the procedures evaluating the slope stability in
Daegu-Gyeongbuk Region, to consider the real rainfall condition and parameter
properties of layers

O Requirement of guidelines to evaluate the soil parameters and to establish
analysis method, in case of slope stability analysis considering the rainfall
infiltration

O Acquisition of the cases study on the infiltration effects of unsaturated
layer depending on the rainfall conditions, with regard to the geological
characteristics of Daegu-Gyeongbuk Region

O Improvement of the engineering practice on design and post-investigation
of the actual slope

O Engineering practice to obtain the unsaturated parameters and

establishment of the procedures to analyze the unsaturated slopes



O Development of the evaluation method of unsaturated slope considering
the effective stress theory of unsaturated soil

O Simulation of the actual failure of slope, to verify the analysis method
considering the rainfall infiltration,

O Verification of applicability of the design method of unsaturated slope
considering the probability rainfall intensity

O Proposal of the guideline on the stability analysis method and design

procedure of the unsaturated slope

lll. Content and Scope

O Development of the laboratory test and analysis methods of the
unsaturated soils
= Laboratory testing and evaluations of the material properties of
weathered soils in the unsaturated slope
= Evaluation of the soil water characteristics, permeability and shearing

strength of unsaturated soils

O Development of stability analysis method of the unsaturated slope
= Development of analysis method based on the effective stress of the
weathered soil in the unsaturated slope
= Development of analysis method covering the seepage analysis, stress

analysis and stability analysis
O Methodology verification of unsaturated slope analysis by artificial rainfall
experiment.

= Verification and application by model experiment.



= Simulation of the slope failure by rainfall experiment.

O Analysis and evaluation of the actual slope cases in Daegu-Gyeongbuk
Region
= Analysis and application of the unsaturated slope cases of residual
soils in Daegu—Gyeongbuk Region
= Evaluation of the slope stability variation during rainfall
= Verification of the evaluation of slope stability due to the rainfall
infiltration into residual soils

= Estimation of slope stability changes before and after reinforcement.

O Proposal of the design guideline on unsaturated slope

IV. Results

O Development of the laboratory test and analysis methods of the
unsaturated soils
= Laboratory tests of weathered soils on 4 slope cases and analysis of
the test results
= Development of the shearing strength analysis method applying SWRC
the accuracy over 90% on the correlation between SWRC and

shearing strength

O Development of the analysis method of unsaturated slope
= The analysis method based on the effective stresses of residual soils
in the wunsaturated slope: analysis method considering shearing

strength based on the effective stresses at sliding surface

= VII =



The analysis method covering the seepage analysis, stress analysis
and stability analysis

Improvement of accuracy of safety factor on slope stability due to
rainfall : the accuracy of safety factor over 95% by the stress field

analysis

O Methodology verification of unsaturated slope analysis by artificial rainfall

experiment.

Verification and application by the model experiment
: Total 6 times experiments and analyses
Simulation of the slope failure in rainfall experiment device
. the slope failure by experimental device, measuring the saturation
and variation of pore water pressure.
Verification of the slope failure mechanism by rainfall
Application and comparison between numerical analyses and
experimental results of model slope.
Acquiring the analysis accuracy more than 90% at the failure of model

slope.

O Analysis and evaluation of the field slope cases in Daegu-Gyeongbuk

Region

Analysis and application of the unsaturated slope cases of residual
soils in Daegu-Gyeongbuk Region : analysis of 4 cases of the
collapsed slope

Evaluation of the safety wvariation of the slope at rainfall : analytical
simulation of the collapsed slope and the accuracy of safety factor
over 95% at failure of the field slope

Verification of the evaluation method of slope stability according to

= VIII =



rainfall infiltration into residual soils @ verification of the effective
stress analysis method on unsaturated slope

= Evaluation of the safety variation of slope before and after
reinforcement : comparison of the safety factor of reinforced slope by

the probability rainfall intensity and real rainfall

O Proposal of the design guideline on unsaturated slope

V. Utilization plan

O Application to the slope stability analysis and safety evaluation of
unsaturated soils

O Application to the evaluation of material properties of weathered soils in
unsaturated slope

O Design practice of the guideline on infiltration and stability analysis of

unsaturated slope
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Fredlund ¢} Xing(1994)& 2] (2.3)& Al¢tslsitt.

0_9,,, 1 m
0,—0, Clu, ~u,) u, —u, \" 23
Inje+|——~
a
o171, a = 71U HHH A, n = W3 Artel #HH AL
m = AFFnie AAE A, e = AAulS, 271828
(v, —u,) = Z#EFFH, Clu,~u,) = BGTF
BATE COlu, —u,)E A (243 o] Ao HAr}
(u, —u,)
In{1+—-——
C( )_ (ua_uw)r
u, —u,)= |1— 1,000,000 (2.4)
In{14+-——"—
(ua_ulU)T
A7NA, (v, —u,), = HFFFH S5
(u,~u,) =7 FH 2aAEFY

Solu wlR Qlste] AxIAo]l WA, IAFU BAR Aol o3 Fa&Addd Hs)
of T3 EaFFYstelr o B 4o 55 AAste Aol vEbdtH(Vanapalli et
al., 1996; Ng and Pang, 2000; Lu and Likos, 2004; 714, 2010). webx 29 2394 H X
Xol FrEAFAAE dx B FE&IAAHAA o g A% (hysteresis)o] AT o] H gk o] H AN
o] 7]t obA HWEetA el A A= FAARE (1) AFRA] F Fol
S T S e A &% (2) SYA-FF JANA e HE57 %
719] # M (occluded air bubbles) (4) F& B XA F9o A} 959 zo]2 Qg o
&4 x JTHLu and Likos, 2004).

Tk IAEE e T FFEAFAY FEAAY FAHoA = Ak oR x4
A A g=n] 7} Aol & A yeEbY T (Vanapalli et al., 1996; Ng and Pang, 2000; Lu and Likos,
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1/n
p= ! —1} (2.5)

Ql/m

1
!

o171M, 0= F71¢AA 2 ppAolr, n2 F==27] 2HEH Agolal, m=1-1/n°lt. p=
=E7lska b=aeeke] A2 AoHH, )9k stell M= okl ~1ufell st

Mualem(1976)ll o]atd, ol FFAT K2 54 dA=RYYH t&3 2ol o=
&

1714, Kst EIEFA oI A 27)2FE Kso FF54F4e 4¥dor I535
HOEXSIEY TS KE AME F Atk 12 s dEA AR B4 058 HE e
(Mualem, 1976).

21 (26a)0 4 AR F4E FFEATHORRE FIh 2 (25)F 4 (26a)d thystd
TS Zo] A EFAFE =3 5 JrhHVGM 22).

K.(0)=0"2#(©)/f1)? (2.7a)

fO)=all—1—-6"™")}" (2.7h)

a9 2604 = 543 SWRC(py, = 2.43kPa, n=1.34)°] i3t EX3lES] FEHS HA
=t 19 26904, ppe HAF AR SWRCO 7HEAR] T YA ZA, A (250 vERG
VG =49 71 dA ppst 2AY B gE 7HAT @y py ol BSshe fE Esteolth

VG F4E ppy=HE JANTFeR dgFA Adststd, +5 *3=7F 1d o pE A
o]s 4= 9lom™ Brooks and Corey = 2(1964)3} FAsE Hejz2 =4 2dS F53 4 )
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= FagE gasteE R, A (279 VGM oA K& FZA8 A "ozttt E3] no| 158}
28 wio= 18 26(c)lA] HolA %ol VGM R BErgo] uj$ e T AbE H

T

NA K- wA8A 7FAagth(Vogel et al. 2001). o] 2 <late] VGMEE-2 EZspg e ol A
FEASY FA% WHE JEiER £AH RS oblstn ik FusA gL

&l o] &2 A<l 2% (oscillation)o] o},

1 - VGSWRCHit
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O Experiments 5 r —NModified fit !
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0.9 ———VGM conductivity
o8 ——Modified conductivity
<
0 2 By 8 8 10
P
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O 26 Ael Cased =7 ZaEsd 2%
olZ H 37 3] Vogel et al. (2001)S Brooks and Corey R (1964) dEjo] 4+E
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1 1 tn
ng[m— 1] , <6, (2.8a)
p=p, exp{a(@—6,)}, 0, <6 <1 (2.8b)
0<p<=<np,, =1 (2.8¢)

1+ plm+1
p.=p, exp{a1—-6,)}, a= {1+ lan)} (2.8d)

—mn(ap,’ )"
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K,(0)=06"210)/{f©,)+91)}, 0<0, (2.92)
K (0)=0"2{f©,)+g@)}/{f6,)+9(1)}, 0, <6<1 (2.9b)
K.(0)=1, e=1 (2.9¢)
o 714
9(0)=2(1/p(©)~1/p,) (2.94)
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for each matric suction

Effective or saturated failure envelope
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#F 21 U F3E AR 54

Silt/ . Water
. . Sample Sand Void Dd
Region Notation L. USCS o Clay . 4. content
description (%) (%) ratio (g/cm”) (%)
Seochang 1 ., 0*0fime  SC 79 14 061 164 206
Seochang
Seochang 2 0 fime o SC 79 14 061 164 44
095 Pd max
Okcheon 1 0% pwme © Sp 95 5 057 17 199
Okcheon ~ Okcheon 2 D70 Pme = SP 95 5 057 17 79
Okcheon 3 In-situ void ratio SP 95 5 0.77 1.51 19.9
Yeonki 1 095 Pamax SP 93 2 048 178 188
€OnKl1 compaction (wet) : : :
1 1 095 DPd max
Yenki Yeonki 2 compaction (dry) SP 93 2 0.48 1.78 85
Yeonki 3~ Pessing #0gp 95 5 048 178 188
T 22 ZUESIE Ao MutdE 2 SEEMIMAUA SHU
o o SWRC
Region Notation o w, 2
(kPa) (°) 0, (kPa) 9, n R
Seochang 1 5.97 36 0.358 11.022 0 1.301 0.99
Seochang
Seochang 2 3.07 38 0.418 11.251 0.023 1.431 1
Okcheon 1 20.44 37 0.324 21.160 0 1.327 0.99
Okcheon  Okcheon 2 22.51 35 0.343 3.625 0 1.286 0.99
Okcheon 3 12.79 34 0.410 1.369 0 1.234 0.99
Yeonki 1 17.15 41 0.255 2.654 0 1.259 0.99
Yenki Yeonki 2 7.8 41 0.272 0.885 0 1.193 0.98
Yeonki 3 15.5 36 0.334 9.440 0.03 1.25 0.99
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(a): Hadong site

Residual soil

Highly Observed failure

weathered rock
Estimated failure surface
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0 10m

(b): Pohang A site

Observed failure

~~_ Ornginal surface
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Residual soil '

Estimated farlure surface
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Original surface

(c): Pohang B site
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Residual soil

Observed failure

Highly weathered rock

Estimated failure surface 3

(d): yeongdeok site

Observed Failure

Residual soil
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Construction Hadong Pohang A Pohang B Yeongdeok
Sequences
Excavation of Old excavated 2010.06.28.~ 2009.10.24.~ Under
slope slope 2010.10.27 2010.01.16 construction
Failure 2009.07.16 2011.06.27 2010.03.09 Ist. 2011.10.4~7
2nd, 201112.12
2008.04.16.~ 2011.03.01.~ 2009.12.17.~ 2010.01.1.~
2009.04.15 2011.03.31 2010.01.16 2010.12.31
Steady state flow o o5 g/ 5.60e-9m/s 5.79%-10m/s 3.10e-8m/s
( 902mm (15mm (1.6mm (978mm

during lyear)

during 1month)

during 1month)

during lyear)

2009.04.16.~ 2011.04.01.~ 2010.01.17.~ 2011.09.1.~
Transient flow 2009.08.15 2011.07.29 2010.04.18 2011.12.31
(4 months) (3 months) (3 months) (4 months)
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Pore water pressure (kPa)
on April 15, 2009
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