CIRESHIYU=EE 143 3T 20154 9& pp. 43 ~ 51 DOI: http://dx.doi.org/10.12814/jkgss.2015.14.3.043
J. Korean Geosynthetics Society Vol.14 No.3 September. 2015 pp. 43 ~ 51 ISSN: 1975-2423(Print)  ISSN: 2287-9528(Online)

EU0| 57 §of YHEO| W2 AW QPgo] Tt A7

Slope Stability Analysis according to Repeated Freezing and Thawing of the Soil
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ABSTRACT

In seasonal frozen areas which have a temperature difference in the winter and spring season like south korea, if stiffness
reduction by repeated freezing and thawing occurs to slopes adjacent to private facilities or mountain slopes, safety factor
is insufficient to design criteria and landslide could be occurs due to rainfall or snowfall. It can lead to large damage of
human life and property. In this study, in order to examine the safety changes of mountain slopes by repeated freezing and
thawing, soil samples series of SP and SM by USCS distributed in surface soil of mountain slopes were collected for specimens.
Through the direct shear test, the characterestics of frozen soil shear strength were analyzed and by utilizing numerical
methods, chracteristics of strength reduction of weathered granite soil according to repeated action of freezing and thawing,
changes in the stability of the slopes when applying freezing and thawing of the soil samples were examined. As a result,
the maximum shear stress decreased approximately 10%, and slope stability analysis confirmed that required safety factor

is less than compare with the non—frozen samples.
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Table 1. Domestic and international allowable safety factor of slope (Han, 2012)

Division Minimum safety factor
— - N
Federal Register. 1977 construclnon. \mmed\ate\y after FS =13
(US.A) considering permeation FS =15
T considering earthquake FS =10
D'APPOLONIA
Consulting Engineers. 1975 case by laboratory tests 156 >FS >13
g(U SgA) ' considering the maximum earthquake acceleration 12 >FS >10
2 resaod Spove Srews (60 7o 15> 5 > 125
National Coal Board, 1970 135 > FS > 115
3) saturated sand (C=0)
(UK) o o 135 > FS > 115
4) 2) and 3)when it is applied in common
12 > FS > 11
(C =0, CD Test)
continuous load FS > 15
NAVFAC — DM structure foundation FS > 20
71— 329 temporary load FS > 13 or 125
earthquake load FS > 12 or 115
International Association of
Ports and Harbors port facility standard FS > 13
(Japan)
Expressway Corporation )
road design manual FS > 15
(Japan)
Public Works R h Institut
uplie Yorks research fnstitute standard planning safety factor FS > 11 ~13
(Japan)
Ministry of Land, Infrastructure and Constructlo§ of slope design standards
Transoort During the dry season FS =15
(Kor(fa) During the raingy season FS =12 or FS =13
Earthquake or Short—term FS = 11
) During the dry season Fs=15
Expressway Corporation ; }
(Korea) During the raingy season FS > 11 ~12
Earthquake FS > 11 ~12
) ) ) slope stability during construction FS = 1.0~12
Japanese Society of Soil Mechanics and P ||_y uring uct ’ '
Foundation Engineerin typical structure FS =13
9 ¢ important structure FS =15
National Expressways Design Manual after start traffic load FS =125
(Japan) transient stability during the construction period FS = 11
L ) )
and & Ho(tfcl)rrwga)Corporanon slope stability optimal design technigues, 2001.02 FS =13
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Fig. 1. Basic principle of slope analysis by the Bishop's simplified
method
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Table 2. Condition of freezing and thawing
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Test no, Specimen Water content(%) Condition O.T fregzmg and Shape of specimen
thawing time
Case 1.1 5
Case 12 i 10
— Wea;r;ﬁfd(g;?””e 0,12 4 8 12 16
% 15 Cylindrical shape
Case 1.4 20 (dia.6 cm, height 12.5 cm)
Case 2.1 5 5 layer compaction
each height 2.5 cm
Case 2.2 Weathered granite 10 ( ot < )
—_— ) 0,12 4 8 12, 16
Case 2.3 Soil=2 (SM) 15
Case 2.4 20

Table 3. Specifications of freezing chamber

Composition Capacity
Size 32m X 32mX24m(L XBXH)
Chamber a
Range of Temperature -20 ~10C
Power 5 HP
Unit cooler
Fan 400 X 2 EA
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(b) Process of freezing and thawing

(c) Specimen sampling (d) Specimen shaping

Fig. 2. Specimen production and molding method

Table 4. Physical property of soil

ifi Grain size analysis Compaction test
ltem Specific =T uscs | LL(%) | IP (%) o

gravity Cu Ce passing #200 Wopt Ja(max)

Weathered soil—1 2.65 7.92 0.55 2.27 SP 34.62 NP 11.08 19,73

weathered soil—2 2.68 10,57 0.95 16,43 SM 27,91 12 13.6 18,74
Fig. 2 ()= ZAAIS Azehs A4S e Aojn, 24X 281 BY Bio) o3t 59 272 27319
Fig. 2 (b)= YA SAAE 52 E FaliA7I= o} ofH A& —’F 3y gholl ‘2101*1 AAH S Azl s
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Fig. 3. Results of grain size analysis and compaction test
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Fig. 4. Results of shear strength test with water
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Table 5. Numerical analysis of input properties on slope stability

Cross section Unit weight Cohesive strength | Friction angle Percent of
(EN/m®) (kPa) (¢) deterioration (%)
SP, w=10%
freezing and thawing O times 20 83 395 0
SP, w=10%
freezing and thawing 16 times 20 & 312 8.7~97
SP, w=20%
' 2l 1 1
freezing and thawing O times 0 6. 3.3 0
=209,
5P w=20% 20 5 288 85~105
Upper cross freezing and thawing 16 times
section SM, w=10%
freezing and thawing O times 19 6 308 0
SM, w=10%
} 5 -
freezing and thawing 16times 19 55 88 88~9.4
SM, w=20%
' 2
freezing and thawing O times 19 54 8.4 0
SM, w=20%
’ 2l 1~10.2
freezing and thawing 16 times 19 45 6.0 9.1~10.
Under cross section 18 1 25
175 1.65
17 16
Fs
165
Fs 1.55
16 EN=0 B N=0
EN-16 15 B N=16
155
15 1.45
145 | T 14
Fellenius Bishop Janbu M-P Fellenius Bishop Janbu M-P
(a) SP, w=10% (b) Sp, w=20%
17 165
Fs
16
155 |
mN=0 15 B N=0
nN-16 EN=16
145
14 -
1.35
Fellenius Bishop Janbu M-P Fellenius Bishop Janbu M-P
(c) SM, w=10% (d) SM, w=20%

Fig. 6. Result of slope stability analysis
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