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ABSTRACT

KEYWORDS

Purpose: This study conducted a slope stability study considering changes in the ground
water level due to rain phenomena and the duration of rainfall, that is for the purpose
of analyzing the stability of the slope surface of the cut section, seepage numerical
analysis is performed by height of slope and rainfall accident, and the characteristics of
rainfall was applied reasonably in order to determine the slope change during rain by
analyzing rainfall and rainfall pattern due to climate change.

Results: As a result of numerical analysis of stability for slope composed of the granite
weathered soils according to the characteristics of rainfall(Uniform Rainfall, US Army
Corps., Huff's method - 1/4, 4/4),

Conclusion: The higher the slope, the smaller the safety factor of the slope, the smaller
the elevation of the ground water level as the rainwater seepage does not reach the
underground water level. In addition, the ground water level was assessed to be rose
significantly in condition of case 3 Huff's method - 1/4, rain pattern with the largest
initial rainfall duration, and the safety factor was analyzed to be small.
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Rainfall pattern,
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1. M B

A ASAZ TE 9] WA RS O 4% ERTEES S neHs Fa% asolth
A Ao] Higwel BAE gge drizolw, ol tirkre) HYW shale] Agle] ASehs AU FH & 4 k. 53]
Hg =)

| |
g Ed EARR] ofe} AFEEAL (R FZolet ZF9-54) ol et E3H o & wAslr] vl vg
Ao AN W7 A &AIZl| M2 A EE 13 e Aol dasith A A-E 1Ed AR AL 9o EA Uer
Astrele] s EA4ES Fotatr] flgtoln, o]8d Askre] HEEAQ SR Ity g ut o] FE| o] zfo|7t WA |
o} o83 A5 S 13 AT S T8 AA = AP olaizt DA ol B g9 Aty £2E 4
< 73k aAstal 9lon oleh #EHE B SAEL ATV o] FoiA AL it
=] A+ F Hong et al.(1990)2 A=-& tido2 1977AFE 19873 Atojo] dAH vgH s A5 EH S 53l
TA A%, v 4 A a8 Ao FeAse] 9% Sl dis) A8k e, Kim and Kim(1991) 2 7-9-2 <1g
ALY AU Sl 3 AFolA AE Tt dAA JAF-3H sAE FHSAT Ryu(1997) &= HIEHW
of FHAHAE s ExX3t Anke] AXsER ETUY Ao dde tiEd AT7E FHsATh =3 Cho and
Lee(2000)2 = EARRIYAS Ex3} AF5EA S gstua s 713 ATl Ao thdk 74 P& ARt
5 3tk =3 Kim et al.(2013)2 wWlF7]5& AT 42 2YUYE B3 A9e] 49 F B3R R| Bls) 2| 3H9
do] mig- kst A Agte] A 3 & o ol STl dvete AT AAE AASATH
=99 AFZE Nilson and Tumor(1975)+ ZH2]EYo} Contra costa country AWolA 19599 ~1971371A
25mm o]}e] 797t EAT A I o)) A Ao AARRY A Aego] vgHey 3o WS
BAA7F Q&S 78392, Yagi and Yatabe(1987) = YRS A M3 79 F274¢efo] 2 =
B3 2 F AdeS Wel gtk Lumb(1975) & &% 242 A3 AR A 57 3399 78 dlollen, 53
RIS Sl }143} A A= A7)l F83 FFE WA vty FASAT. 12y 1 % Brand and

Phillipson(1984) & HIgHET A AE A$4=e =7)7F Ay

al, (1994, b) &= AF5¢ ‘?3“31\] AF 1:‘—‘?:"?01] ol F=ke] e, ERATOl o3 A F Fo| 3R QG v
HEs EZ BT H %7} Soll g3l HEgHE SYA7IEE 592 TV HgH e o] Agsies AdES i
o] nlgH e kg AstEtta M3

AT A AR 59 AT 2 Asaido] vEH A vX= ¥
o] &3t HlgH ZolH, - ARHE AR E
JMIYAEE AASIAT AeA5E AL 710
& AZHA FEe 1#HEHA &= ¥R (Uniform
of Engineers® ¥, Rainfall 4&%H) <& 7—‘}]%?5‘}93\13]'. 34 H]
2om) & R gste] T A7 A e A
FTh o]e} o] B AFoAe ot

3}
Je BAstL, FelH Mgd YN WS AAsd

[e]
097 Y2497 ARE 7|22 FIF-2AE o] &ato] Aex21
= W (US Army Corps
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Aol kA& WstE BAs
3l 757t HigH Aso mX =

2. Z2AMY O|E

&FAEE AGAZ | T E -] RS orleths BEN 4F ERTERES AA8ed 18 Ee a3 840t
H e O] 7Aool A& d3e ddiF ol o]& ththo] g 53] o) Qo] hp-ehe= AHIEREH & 4 Ut 539
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Fig. 1. Rainfall conditions on Uniform Rainfall
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Fig. 3. Rainfall conditions on Huff’'s 1/4 method Fig. 4.
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Fig. 2. Rainfall conditions on US Army Corps of Engineers

o] HAEES Alely, 7+ 771E
10709] Z+ 731 &2 A r4dE FA4e Fig. 3,
50mm/hr (300mm/6hr) ol Tk Huff 452$9] 24745 = Huff
100
90 88.73
80
70 4 67.6

53.09

40 1 3423
30
20 4 ﬁs 54
10 +
0

Duration of ralnfall(hr)

Amount of rainfall(rmm)
@
=)

Rainfall conditions on Huff’'s 4/4 method

- 423 -



Journal of the Korea Society of Disaster Information. Vol.14, No.4, pp.421 — 429

C) ik

D24

15.0m /
\,-_\S’ 4[

Height(m)

0 5 10 15 20 25 30 35 40 45 50 55 60 65

Distance(m)

(a) Stability analysis section (b) Seepage analysis section

Fig. 5. Stability and seepage analysis section(Slope hight H=15m)
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Table 1. Application method of rainfall event condition

Rainfall event condition Application method of rainfall event Note
None time-dependent case Uniform rainfall method Case 1
US Army Corps of engineers method Case 2

Time-dependent case Huff's 1/4 method Case 3
Huff's 4/4 method Case 4
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ARNE HHAL HAFHE Fo YRREINY EEY AYARE ol §3e] SWCCE AR EF F4A%
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Fig. 6. SWCC and coefficient of permeability function using numerical analysis
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Table 2. Soil properties of granite weathered soil applied to slope stability analysis

Soil properties Unit weight(kN/ m’) Cohesion(kN/m’) Friction angle( ’ )

Granite weathered soils 19 15 30

ASARE el% vgE Fold mYW AN 1814 Geo—Sloperte] Ea4 HFalA Z2Iel SEEP/WS
SAB Gl oI Mg YA L2 I Slope/WE AHEHACH AFAH o AYE $714 Arh A3
202 409 ATl 2 gste] BABFNLL B &L BB,
4.1 HEHY A 2

Table 3& 2 WBH Fo B2 F9Abgo] BhE 47h %ol thate] ARA4S BohA Ao M55 WalE ek
Aelm Fig. 7& AEHL Aol th MElF L Ashre] WaFL hEH T Case3d] A5 thatol eItk AT
443 FUT WP (o], BREA ) AN 29 A ASHEoE FAR 453 Rl T ok, B

A (Uniform Rainfall, US Army Corps., Huff 42 = 1/4¥ 9 4/49) o] W2 A3}4-¢ AL Casel, Case?2,
Cased, Casel«co 2 Yehgton 11 & 27] Z9457t AlY & Huffe 1/4¥ (Case 3) oA Aty Aol 7P a1
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Table 3. Comparison of maximum groundwater level by each location according to rainfall condition

. .\ . HGW.L .
Analysis condition Rainfall CGW3~GW-6 Duration
Case 1 2.914m~4.144m
; Case 2 2.925m~4.297m
Slop_helght Ahr ~ 6hr
H=10m Case 3 2.954m~4.318m
Case 4 2.924m~4.254m
Case 1 1.405m~ 2.745m
i Case 2 1.416m~2.899m
Slop_helght Ahr ~ 6hr
=15m Case 3 1.421m~2.945m
Seepage Case 4 1.411m~2.931m
analysis Case 1 1.317m~1.924m
; Case 2 1.354m~1.918m
Slop_ height Ahr~ 6hr
H=20m Case 3 1.365m~1.937m
Case 4 1.321Im~1.932m
Case 1 1.221m~1.625m
i Case 2 1.246m~1.632
Slolfjle_ 2};e1gh’c ase m m Ahr~ 6hr
~oom Case 3 1.261m~1.642m
Case 4 1.240m~1.629m

Height(m)
Height(m)

0 5 10 15 20 25 30 35 40 45 50 55 60 65
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(@) Duration = lhr (b) Duration = 6hr

Fig. 7. Seepage analysis result(Slope hight H=15m, Case3)
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Table 4. Safety factor of slope according to rainfall condition

Analysis condition Rainfall HGWL Safety factors
GW-3~GW-6

Case 1 2.914m~4.144m 1.889~1.891

Slop height Case 2 2.925m~4.297m 1.875~1.882

H=10m Case 3 2.954m~4.318m 1.872~1.879

Case 4 2.924m ~4.254m 1.880~1.891

Case 1 1.405m ~2.745m 1.650~1.661

Slop height Case 2 1.416m~2.899m 1.641~1.650

H=15m Case 3 1.421m~2.945m 1.638~1.648

Slop Case 4 1.411m~2.931m 1.640~1.649
stability Case 1 1.317m~1.924m 1.495~1513
Slop height Case 2 1.354m~1.918m 1.494~1.501

H=20m Case 3 1.365m ~1.937m 1.490~1.497

Case 4 1.32Im~1.932m 1.494~1.503

Case 1 1.221m~1.625m 1.398 ~1.402

Slop height Case 2 1.246m~1.632m 1.393~1.395

H=25m Case 3 1.261m~1.642m 1.392~1.394

Case 4 1.240m ~1.629m 1.396~1.397

B Uniform Rainfall US Army Corps of Engineers
191 m Huff's Method 1/4 W Huff's Method 4/4

18 4

1.89 -

188 A
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1.86

1.85 A

Slope Safety Factors

184 A

Rainfall Duration

Fig. 8. Comparison of safety factors by rainfall duration(H=10m)
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Fig. 9. Comparison of safety factors by rainfall duration(H=15m)
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Fig. 10. Comparison of safety factors by rainfall duration(H=20m)
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Fig. 11. Comparison of safety factors by rainfall duration(H=25m)
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