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Slope Stability analysis of HwangRyung-San Amusement Park in Pusan.

298" Won-Pyo Hong, BH'gA4® Nam-Seo Park
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Abstract: Cut-slope failure occured at HwangRyung-San Amusement Park in Pusan, which
base-rock is Mesozoic tuff with tight spaced joints and faults infilled with clay gouges.
Due to these joints and faults, SMR values of the cut-slope are very low to be 0~17 from
the results of detail geological mapping. And the results of some shear strength tests show
very low shear strengths.

A series of a back analysis of slope stability shows several failure types such as plane
failure, toppling, wedge failure and circular failure

In order to increase the factor of safety, stabilizing pile method is recommended, and
shotcrete, ivy net method are applied for the slope protection.

The factors of safety are increased from 06~0.7 to 1.09~1.76 after application of those
reinforcement methods under saturated condition in numerical analysis.
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A% Extremely close ~Moderately spacing &

A = Partly open ~Very wide aperture® Bl A FH LS SAS BAr} E3
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dey v dFEANAN S HE(fault gauge)7t dEFo g BHEAT oA daw Aday
= AEN BEAEY 9% Feste
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A} 4 2 A (cm) AR E(F/m) | A - e A% RQD ] -
Aigadd g7 | 55 (1727 [37 | (Hd/m) -
1105] 15| 68 |SoAFES)| 14 | 12 16 42 0
2105 20| 96 |S (-gro) 13 9 9 31 12.7
3| 2 20 | 6.7 |SoAFS)| 12 | 23 24 59 0
41 1 20 1 93 |S«A%FS) 12 1 11 9 32 9.4
5] 2 130|117 |SoAFEZ)| 7 12 8 27 16
61 (2) [(30)1(4.7D)|S2A0FE) Q0| 4) | (D (31) Q27| HE ¥ Wl 3O o
77 1 30 | B2 |SuFS)| 18 5 26 49 0
E 2 degd 2AAH
Ao kA N AL 9 L
= [<x- ] el E 4 A e 3T
AHd (dip.dir./dip.ang.) & = A 12 7 A& HHEEA | S % =
Zone| 71~141 / 5~85 | extremely | partly open | planar smooth ~ | very low |N57W/| highly ~
1 | 190~223 / 77~89 |close~close| ~very wide|undulating smooth|~medium| 42SW |moderately
65~110 / 38~87 open ~
Zone N N ; planar smooth ~ | very low |N73W/ ;
2 é83~2?8 ; gg~§573 ex%}rveigeely undulating rough | ~medium| 40SW
Zone| 1~ 24/ 78~86 | very close ; planar smooth ~ | very low |N50W/ )
3 94~142 / 75~89 ~ close undulating rough | ~medium| 45SW
Zone igé:%ég ? %:gg extremely | partly open | planar smooth ~ low N1OW/ )
4 277 ~290 / 83~88 close~close| ~very wide planar rough ~ high | 525W
Zone %é[—%:%gé ; %:gg verywclose Nopveenry planar smooth ~ low N30W/ ,
5 | 300~343 / 61~88 | moderately wide planar rough ~ high | 40SW
Zone 123:2312 ? ;/g:g? " partly open | planar smooth ~ | low ~ |N52W/|completely
6 285~300 / 74~83 ~ wide planar rough medium | 70SW | ~ highly
Zone g%:lgg ? gg:gg eg(lgrseem(ily B planar smooth ~ | very low |N10W/| highly ~
7 177~246 / 67~87 | moderately planar rough ~medium| 60SW |moderately
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ZALE AAIEIAY. ol AFE F 2MAE B AES AlHAH Febg 9s] Apdo] A8}
A AF2ALE 8 A THE 23m A %)
ANEZAME T AEZRE dF F393, AYF, 343y o2 EEHo o

- 107 -



58 A¢EEIN RQDI 0013 BEHE & saerzel FAA Uy 9

on, o] HHYEe ATl JHYE UFE A% 29 oz Bus

AR AT HAUEH HALS Gl G BYRS} HUE Ge, A
Z[:

mim
:L
o
g w2t

TR 2 weHel Basel teht B3 B Ao e huabwe] it
wo} ATzt dojvh @aol F 49Y

H
i
|
»
AT
——
s .
v
of & a2 HM4E
2

=1 //
»
!
T
[)

BH
:
.

/
v
-
-

Bh—3 |/

=

e
&

BH4a]
ElaZhs
a2l o~

=}

]

R.Q.D.

T

— N—-Value
So112 / [ aws 7] suufiiiie w
. E=Tsa=lfi]e @

| NS

=5
iT.73

/
ey
=

180———t—T"7 8
/]

2407

220~
200
160
140
120

3.3 otukZb e A #(Schmidt hammer test)

ZA A X F A 2+ Zone E 103} A Schmidt hammer BPEATFE SR, I
BAFES dEYEAEE sl Ui Ads ¥ 37 2.

AN¥AT Zone 1, 2, 4, 55 Ra 5 F(medium strong)ell 3121, Zone 3, 6, 794 = R T
F(weak)ol FHE #e Jetllz ok Zone 6& WiFFol “Hf'é%ili FAAEA Ao 7]
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¥ 3. Schmidt hammer test Z3% ¥

2 | wEASR®R) Az A0 97| 0800 5 3 L
Zone 1 %% %% i% 2279 2‘% 27 | 63 | 41 370 R3, Medium, Strong

zZone 2 |37 o I A | 31| 88| 4 370 Rs, Medium, Strong

zone3 |H BB | a7 | 33 250 Ro, Weak e,
med |HRE X% 2|60 | 4 450 Rs, Medium, Strong

zones |2 BN 260 | 38 320 Rs, Medium, Strong

zone 6 | B 2L BB | 35 | 2 158 R, Weak MES
zZone 7 | 33 DD 2| 5 | a1 220 Ry, Weak

3.4 2L X135t Al & (Pressuremeter test)
ZALA Y &9 FoHH EAE HoEtr) s AAg FUAEAY Zade <F 4>9 Fo.
TUASFANY Aol B=w 1665~37.348Tkg/or] G BET ELE usiz Yok
ot B 2AXANAN Bl Wus F@T YE AT B YL Ao BUEY

E 4 3HAAE 2

227 A =) | Pukglem) | Pylkg/en) Ea(kg/cr) W3
BH -1 7.0 11 80 14,596.7 HW
BH - 3 6.0 11 49 1,665.1 HW
BH - 4 155 30 145 37.348.7 HW

4 sliAE

41 i=UEZE AMH
FA Amel dE AFYFAY AHE H54 2YAG L A4 AN FGF B
©7} 716~2305 kg/or 2 w1§ A HBAE dehieh

4.2 Slake durability test
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T 9 Al % (m) A A BHkg/ar) | HEEZ(° ) H] i1
BH - 1 315 0.2 16 ZHE 35
170 - 174 36 36
BH - 2 270 - 280 33 34
] 24.0 0.4 13 Z2HE 3§
BH -5 263 - 265 0.9 a1
VvV 2 24.0 1.0 44

5. BT ¥ AUAY dUEH
a7 2 AP E FFetd RMR € SMR EF& HAI¢ ZAate ¥ 6 2 79 2o

¥ 6. RMR Z3 ¥ (#discontinuity orientation B3 A]9])

o %igé ;g}%] g_ - de ¢ 4H 8l oru mg o 3
{F . _’}_z\ =2 B - - Al Al R 5 a4
| aeon | (o) | B | Syt | Fom [FSF| A2 | s8= ()T "
L 370 168 0 |3~10] 1~5 [soft<5| ARY [REFSH] vV E%
5 8 1 0 2 1 2 2 3 0 23
o | 370 96 [127] 1~3 [01~10] soft<5 [HIAH[REZH] - vV 2%
5 8 | 3 4 4 2 3 3 0 32
3 250 |67 0 |3~10]| 75 |soft>5| B3 |vf -F3} 5 Vo -$-8 % |sliding
4 8 1| 0 2 0 0 2 1 0 17 137
4 450 1893]94 | 1~3 | 1~5 |hard<5|%tAZ | BEZ3] 16 v %
6 8 | 1 4 2 4 3 3 0 31
£ 320 [117]160]3~10] 1~5 |hard<5[FHAH|HEF}] v 5=
5 8 | 2 2 1 4 3 3 0 28
(158) (14|27 - . : : (h$-3F3h V oS EF|)ere
6 0 0 0 ; . . . ; T . o} u
71220 1821 0 [3~10] 1~5 |hard<5 ikl EIE - IV B
4 8 | 0 2 1 4 2 1 0 22
A W Asksel AP GBS ¥ AL nelsted S-4EE 0F A

o,
3 6% VEEY 0~ 177“01 vH EFd ddtAEE el o SMRE RMR #elAd
Hajdel waddelwdat Aol wakAd #ANSS FUhela o] oA FRHd WE BA
& A3 Ao 2 RomadaZl A o} F ShukxlHol A Z YA ALE5 5
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E7SMR # #

FA}
2ol RMR F1 F2 F3 F4 SMR
| v &% fair Unfavorable |favorable |Not change stability] BAD
23 0.7 0.85 -6 0 26.57
9 v % fair Very Unfavorable fair Damages stability normal
32 0.7 1.0 -25 -8 415
3 ] $- & %F|Unfavorable| Very Unfavorable fair Damages stability BAD
17 0.85 1.0 -25 -8 30.25
4 vV &% fair Very Unfavorable fair |Not change stability| normal
31 0.7 1.0 -25 0 485
5 v & fair Very Unfavorable fair |Not change stability| normal
28 0.85 1.0 -25 0 49.25
6 V o B fair Very Unfavorable fair |Not change stability|Very BAD
0.7 1.0 -25 0 (17.5)
v % fair Very Unfavorable fair |Not change stability] BAD
! 22 07 | 1.0 ~25 0 395

S.M.R -‘?—%éﬂ} Zone 1, 3, 7= IV S59 W AlAGEIZ EFASY Zone 2, 4, 5% 41
5~4939 & & Holw Normaldt Aejolu} IR H o2 Ao 453t Ad= vehd
T} Zone 62 URE wlPdF oz o]Foz AlHoR ol U YHZ ol EBoAIY Roz
UhER St Th
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A FzAE5E BEd2 vty 383y EFEY RMR /& A2 23 gute B3¢
AeE Jeldz gla, SMR 82527 o Ad e 2302 A (partially stable)dt A v
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Ao ALY AMATE <E 8>3 gon, GEH AYUne 1Y 2 B o4
W HAEe} 2o

&8 aMol Y ANBSF

A gk A & s . )
N 7 «(t/m”) oC °) C(t/m’) 7 sat (t/m’)
A _F
W ¥ F 1.7 25 1.0 1.85
2343 2.0 30 5.0 2.0
4a ¢ 3 2.0 30 10.0 2.0
B % F 2.5 35 150.0 2.5
A AFFE . 145 3.5 .
FHE F IR = 13 1.8
6.3 CHatAlEe| ot Y
st Ee gubgite] He) FAE 2 AGFA AdS BACAM A, JFT L]
SAE NPozRE 3t JPdoke 7MY stel WY S A AT
A22AAES 122 QS AF, 1Y 33 o] 4AXRN HERS 9 AACM 28
bR go] FEHX Yooz ANt HAE FE USL & F Ao
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7. AlH oHHLEY 2H

At A A didatdEe] Aol GEEHA @oEg AW Y Mol Ry Ao
2 Aok Ay FYHE A A E FXFYHY GAE FrTYPos gidd

?_%_%:% F A5} 7] —rlf?} FHoEZ FRAQA ATE AFe i 9 5o g gy
Rock-bolt&, Shotcreted % Ivy-netd & A &3 om, AAEE F7HA17]7] Hlie A2

)
THo AHE AFE A= Shoterete?t A 3E FHE FIE Rock- bolt7} #A

g 4 glon gRE HoE ANUH) AuRNE PA%d 27FE FHARY YR BA7t
A A oA ¥ 4 Utk %, Al¥e] BMASE Shotcrete®E AW Tz P S50 9@
AZAANE $2)5,

WAAEE ARARY SPAROR Urol JATEL AHEHAS A A FAW o
@ n7 A% ALY FUES AW 19 59 2o
AEA o

AREe NZAAL A FRAED FRAE BE 224HE S BE AL
= o

S Ao wudTh
ey B AEZFE AN H58 AUR4E Evz 44E Aoz AFAdE S
BRol} ASAE BAslel FEY WYol BAY A FrhuG ARE FASGL I
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