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FA7)E AN AR 4045°%A LA FE Holw, QS A7) BB o Tgmel T 245
W, Aekrgle AERORNE o 66m Qeolo] IAsT Utk BRI AAF AT PO AF APNPL 5
Wsle] 43 A HEAT B ARPHAHE AT AHARE ARSAT SEEPWE olgalel thakd 494E 270
A ARANG A A3 B9ASATIe] doldel] weh AN RS T 5 ek, ALAES 50 mmhe o
ol A9AGAZ0] 24417 o149 S AEANE Aol shikRoln Asslel vl Hus £5 AR Lo
& O % vk ARANAAE AFslo] SLOPEWE ol §ale] RGeS ST 23 ASAFE AT FHAN
o S ek ARGAES Yolde &tk B 56417 ASHOR WAH ol F LS FHs
b, o) Abaekgol vAsh ABEt} e ALl FASH HoE olfE 4R A% 9
SEHs A4 Bol7t KAl LA 1F5ge] S mREYe] Rasgly] Bielt

F8ol: w7lE AAA, 35, AR, AcPgeY, 844

A numerical analysis was performed of the seepage from and stability of a mine waste-dump slope in Imgi, Busan,
considering rainfall intensity. The 40-45° slope angle of the waste dump is relatively steep, and the depth of the waste
dump down to bedrock is 7-8 m. The groundwater level was 6.6 m below the surface. Various laboratory tests on sam-
ples obtained from the waste dump were performed to determine the input data for seepage and stability analyses of the
waste-dump slope during rainfall. The results of seepage analysis for various rainfall intensities using the SEEP/W pro-
gram show that the wetting front moved down with increasing rainfall duration. When the rainfall intensity was > 50 mm/
hour and the duration was > 24 hours, the waste dump became fully saturated because the wetting front reached the
groundwater level. The results of slope stability analysis coupled with seepage analysis using the SLOPE/W program
show that the safety factor of the slope decreased as the wetting front moved down due to rainfall infiltration. After con-
tinuous rainfall for 5-6 hours, the safety factor of the slope suddenly decreased but then recovered and converged. The
sudden decrease was induced by an increase in pore-water pressure and a decrease in matric suction down to a certain
depth as the wetting front approached the potential sliding surface.
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Fig. 1. Location of waste-dump slope for numerical analysis.
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Table 1. Physical properties of soil sample obtained from the waste dump.

Contents Symbol Unit Measured value
Specific gravity G, - 2.73
Natural moisture content w (%) 6.87
Wet unit weight % (t/m3) 1.70
Dry unit weight 7 (t/m3) 1.59
Effective grain size m (mm) 0.0064
Coefficient of uniformity cy - 406.30
Coefficient of curvature Cq - 10.80
Liquid limit LL (%) 24.49
Plastic limit PL (%) N.P.
Unified soil classification system (USCS) SM

Groundwater ’
33 060w 12 37 E ARl A Age] 284 5
J A& AT Aolrh. Al mEE i AEs
FTYERHUSCS) ollx] AEA BH(SM)el 3lwst
o, AFAZHTEE 1.594 m’ 22 AL QAT
T i AES Bx3F A4S AR flekd 2
T FIFEATA(SWCO) AEAE 2E-513THSong
et al, 2012b). & AlFolM= ZAEFE A5t L A
Fig. 2. Determination of cross-section for numerical analysis. 3 Al SAME 7340 93 2 S9ES X5y, =
BAFNE olgslo] RAZTTHI AFdH] G
AAAEE tPdeZ e Al AFEAT 2 PgeidS ¢ AE E=Ag). ©ol& EUlZ van Genuchten (1980)4H
o TS A el < A8sl FATFEIFAEWCOE A5 = itk
SHA, Fig. 2& H7E AXAMES HAEAS E van Genuchten (1980)& Mualem (1976)2] A<
APAQPEEIM S 918k ST RS vERd Zlelth. Fig. 1 Agsto] fFraxEshe(s,)oh dETFhe] BARTE &
ol A Xl sk S B AFRAE BEd2 FEEATHASWCOE ASKETh 4 (1) van
AHAS ©AEITE 2N B ulel Zo] i Genuchten (1980)°] A|SFet £5-3H5/314(SWCC) 4t
APAS] ZAARE 40-45°24] HaLE H3k Holw, F7lo| 21 vekd Zleldh
o 2m¥e] He] Aol fIX|EHaL k. AlFEAPA 0-0 . B
£ EdZ ks ol fiXshe 7182 of 7- S, = HY—EZ, = )] M
8me] FAR EARE & F o, Askrdle AR ' o
HOZHE ¢F 6.6m A EAITE & 5 AUtk o oA71M, o= F7Irasst BAE A, ne e
oF 7o) AARE SIS EiE 73] 3= ZAAtell BAE AT, 2L me AFRRH]el Add
x)apde] 5 g ApaRPg el tisk Al S Agoltt.
gt} 3ot B4 #2439 (nonlinear least squares analysisyS-

Hg3te] ZYE HAFFY 2L ARG JR)

XerEe MH 2 FE van Genuchten (1980) W9 &3} #aA4
B 7E ARG AEAT 9 AR o, n 2 omE AT Table 2& Ax B &
gt JEARE A7) flete] AT AR Al 4o F7E HA v AR sk Bxs)t A
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Table 1. Physical properties of soil sample obtained from the waste dump.

Condition a (kPa™) n m AEV/WEV (kPa) R?
Drying 0.180 1.811 0.448 2.5 0.994
Wetting 0.787 1.670 0.401 0.6 0.998
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Fig. 3. Estimation of residual volumetric water contents, AEV, and WEV.
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Table 3. Input data for numerical analyses of seepage and slope stability.

Mechanical property
Parameter

Unsaturated soil property

¢ (Umd) | ¢ ()

k,xat (cm/sec)

a (kPa™) n m WEV (kPa)

Measured value 0.0067 46.58

1.71x 1073 0.787 1.670 0.401 0.6
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Fig. 6. Results of seepage analysis for various rainfall durations (rainfall intensity = 50 mm/hr).
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